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Topic one 

STATISTICAL METHODS 

Instructions.  

The topic covers mainly compound bar graphs, proportional circles and pie charts. There is general 

advice to involve students in a lot of practice on steps followed in the construction of the 

graphs mentioned. 

Learning outcomes.  

After reading and discussing Statistical Methods, you should be able to: 

a) Draw compound Bar graphs, Proportional circles and Pie Charts. 

b) Interpret compound Bar graphs, Proportional circles and Pie Charts. 

c) Give advantages and Disadvantages of using compound Bar graphs, Proportional 

circles and Pie Charts. 

1. Compound bar graphs / cumulative bar graphs/ divided bar graphs. 

They are made up of two or more bars which are drawn vertically or horizontally.  

Each bar is subdivided into various segments which represent the component parts being 

considered.  

The total length of each bar represents the total value of the component parts represented. 

Example.  

The table below shows Kenya’s crop production in 000s tones from 2000 – 2003. 

 Use it to answer questions (a) and (b). 

CROP PRODUCTION IN THOUSANDS METRIC TONS. 

             YEAR 

Crop  

2000 2001 2002 2003 

Tea 30.000 42.000 50.000 60.000 

Coffee 20.000 33.000 35.000 40.000 

Maize 16.000 20.000 25.000 30.000 

Wheat 12.000 13.000 20.000 20.000 

Using a scale of 1cm to represent 10.00 metric tons, draw a compound bar graph.    
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The following steps are taken when constructing this graph; 

a) Obtain the total production of all the crops for each year as done below. 

             YEAR 

Crop  

2000 2001 2002 2003 

Tea 30.000 42.000 50.000 60.000 

Coffee 20.000 33.000 35.000 40.000 

Maize 16.000 20.000 25.000 30.000 

Wheat 12.000 13.000 20.000 20.000 

Total 78.000 108.000 130.000 150.000 

b) Use the grand totals to decide on a vertical scale by considering the largest and the 

smallest value. In this case=1cm represents 20,000 tons.  

Length of the horizontal axis determined by the width of bars, number to be drawn and the spaces 

left between them. 

c) Draw a framework of the graph using the measurements obtained for both the horizontal 

and vertical axes. 

d) Obtain cumulative totals of the crops. (Start with highest to lowest). 

             YEAR 

Crop  

2000 2001 2002 2003 

Tea 30.000 42.000 50.000 60.000 

Coffee 50.000 75.000 85.000 100.000 

Maize 66.000 95.000 110.000 130.000 

Wheat 78.000 108.000 130.000 150.000 

Total 78.000 108.000 130.000 150.000 

e) Plot the cumulative totals for each year in the framework. (Draw short horizontal lines across 

the vertical column where the comparative total value reaches). The bars are subdivided from the 

bottom towards the top. 

f) Equal space is left between one bar and the next and between the first and last bar and the 

Y-axis. 

g) Shade the segments representing similar components in all the bars in the same way to 

make it easier for interpretation. 
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h) Add a key which indicates what each shading or colouring represents. 

i) Label The axes appropriately 

j) Add a descriptive title. 
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Advantages of compound bar graphs. 

a) It provides a clear visual impression of the total values. 

b) It is easy to read the highest and the lowest totals at a glance by comparing the sizes of the 

segments in each individual bar. 

c) The increase or decrease in the grand total values is easy to see since the length of each bar 

corresponds to the final cumulative total. 

Disadvantages. 

a) Compound bar graphs are relatively more difficult to construct than simple bar graphs as 

they involve calculations of the cumulative totals. 

b) The numbers of components that can be represented on a single bar are limited/very long 

bars are difficult to compare. 

c) It is not easy to determine the actual values of individual components apart from the first 

one since the values are cumulative. 

d) Fluctuations in production over a period of time are not easy to see at a glance as in line 

graphs. 
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2. Proportional circles. 

In proportional circles, the size of each circle is proportional to the total value of the data it 

represents, e.g. the largest value is represented by the largest circle. 

Construction. 

Draw circles whose diameters are proportional to the absolute values OR whose areas are 

proportional to the square roots of the absolute values. 

a) diameters proportional to the absolute values 

a) Round off the totals to the nearest Thousand to get round figures which are easier to work 

with. For example;  

The table shows Uasin Gishu production of selected crops in 1997 and 1998 in tons. 

Crop  1997 1998 

Tea 35,000 31,000 

Coffee 32,000 24,000 

Wheat  25,000 15,000 

Maize 68,000 20,000 

b) Choose a suitable scale for the diameter. The diameter will be proportional to the absolute 

value.  

Calculations 

Total for 1997 

35,000 + 25,000 + 68,000 = 160,000 

Total for 1998 

31,000 + 24,000 + 15,000 + 20,000 = 90,000  

In a scale of 1cm represents 15,000 tons, the following will be the Diameter 

1997   160,000 = 10.5cm  

            15,000 

1998   90,000 = 6cm  

           15,000 

c) Use the diameter of figures obtained to draw the different circles  as shown  below; 
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Proportional circles showing Uasin Gishu production of selected crops

1997
1998

 



Illustrated Lesson Notes In form 3 Geography For Secondary Syllabus 

Copyright@Cheloti 

 
6 

 

Drawing circle whose areas are proportional to the square roots of the absolute values 

Example.  

The table shows Uasin Gishu production of selected crops in 1997 and 1998 in tones. 

Crop  1997 1998 

Tea 35,000 31,000 

Coffee 32,000 24,000 

Wheat  25,000 15,000 

Maize 68,000 20,000 

a) Obtain the square roots of each set of data as follows; 

Calculations 

Total for 1997 

35,000 + 25,000 + 68,000 = 160,000 

Total for 1998 

31,000 + 24,000 + 15,000 + 20,000 = 90,000  

Square roots. 

1997    160,000 = 400 

1998    90,000 = 300 

b) Choose a suitable scale for calculation of radii that would be used in drawing the circles.  

Scale of 1cm to represents 100 units 

1997   400 = 4cm  

          100 

1998   300  = 3cm  

           100 

c) Draw circles using the different radii obtained.  The area of a circle is determined by its 

radius. 3cm and 4 cm 
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Proportional circles showing Uasin Gishu production of selected crops

 

 

Advantages of using proportional circles. 
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a) Proportional circles are suitable where it is necessary to compare absolute totals such as 

total crop production or export earnings in different periods. 

b) They give a good visual impression of totality. This makes the comparison of totals easy as 

the size of each circle corresponds to the total amount it represents. 

c) They can be combined with other methods on the same map to assist in data analysis 

especially when describing population distribution. 

Disadvantages  

a) This is a very tedious and rime-consuming method of representing data since the diameter 

and radii measurements have to be calculated. 

b) It is not possible to determine the actual total values for each period from the circles since 

the totals are represented by the sizes of the circles. 

c) Where the sets of data to be represented are many, the comparison of the circles becomes 

difficult. 

d) Where the differences between the values being represented are too big, it becomes 

difficult to represent the extreme values as it results in very big and very small circles. 

e) Where the differences in the values to be represented are very small, all the circles will be 

almost the same size, making comparison very difficult. 

3. Divided Circles/pie charts/ pie graphs/ circle charts. 

These are circles drawn and subdivided to represent statistical data of individual items. The 

size of each sector is proportional to the values it represents. 

Where more than one set of data are to be represented proportional pie charts are used. 

Simple pie charts. 

This is a single circle drawn to represent the totals of one set of data. The circle is then 

subdivided into segments each representing a particular component of the whole. 

Construction. 

The table shows Uasin Gishu production of selected crops in 1997 in tones. 
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Crop  Production in 1997 

Tea 300,000 

Coffee 150,000 

Wheat  50,000 

Total 500,000 

a) Systematically convert each component as a percentage of the whole and then convert the 

percentage into degrees. ( 3600   is equivalent to 100% or total data). 

Calculate the angle of each component. 
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Crop                    Using raw data                   using percentages

Tea                                        x  360 ̊ =   216̊ or x 100 =60% 

x 360̊ = 216̊

300 

500 

300 

500 

60% 

100 

Coffee                                     x  360̊ =   108̊ or x 100 =30% 

x 360̊ = 108̊

500 

150 

30% 

100 

150 

500 

Wheat                                         x  360̊ =   36̊ or x 100 =  10% 

x 360̊ = 36̊

50 

500 

50 

500 

100 

10% 

 

b) Draw a circle of convenient size using a pair of compass; preferably be on a plain paper. 

c) From the centre of the circle, using a protractor, measure and draw each calculated angle 

representing each component. It is advisable to start with the largest segment and end 

with the smallest in a clockwise direction. 

d) Label the segments appropriately. The segments may be shaded to give a good visual 

impression. 

e) Give the pie chart a title and a key, if necessary. 

TEA
216 ̊

COFFEE
108 ̊

WHEAT
36 ̊

PIE CHART SHOWING CROP PRODUCTION IN 1997 
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Advantages of a simple pie chart. 

a) It gives a clear impression of individual components. 

b) It can be used to present a wide range of statistical data. 

c) It is easy to read and interpret 
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d) It clearly shows individual amounts and clear comparisons of different quantities can be 

made. 

Disadvantages. 

a) Its construction requires a lot of calculation. 

b) Small quantities or decimals may not be easily represented. 

c) They do not show the trend. 

Proportional divided circles. 

This is a case where two or more divided circles are drawn with each circle representing a 

separate set of statistical data. The sets may have different total quantities or values 

The size of the circle is proportional to the total quantity or value of the set of data being 

represented. 

The proportional circles are then subdivided just like the simple pie charts. 

Steps followed in Construction of proportional divided circles. 

a) Find the square root of the totals for each set of data. 

            The table shows Uasin Gishu production of selected crops in 1997 and 1998 in tones. 

 

 

 

Total for 1997 

35,000 + 25,000 + 68,000 = 160,000 

Total for 1998 

31,000 + 24,000 + 15,000 + 20,000 = 90,000  

Square roots. 

1997    160,000 = 400 

1998    90,000 = 300 

b) Using the square root figures, find a suitable scale for the radii of the circles putting in 

mind that the circles do not become too large nor too small. 

Scale of 1cm to represents 100 units 

1997   400 = 4cm  

          100 

1998   300  = 3cm  

           100 

c) For each set of data, calculate the percentages and angles as in simple charts. 

Crop  1997 1998 

Tea 35,000 31,000 

Coffee 32,000 24,000 

Wheat  25,000 15,000 

Maize 68,000 20,000 



Illustrated Lesson Notes In form 3 Geography For Secondary Syllabus 

Copyright@Cheloti 

 
10 

d) Draw circles using the scale that you obtained and insert in the details just like in simple 

pie charts. In each of the circles, shade the same components in the same way. 

                          Selected crop production in 1997 and 1998 

maize
42%

tea 
22%

coffee
20%

tea
16%

1997
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e) Give the circle a title and a key if necessary. 
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Topic Two 

MAPWORK 

Instructions.  

The topic covers mainly interpretation of physical features and human activities on topographical 

maps, enlargement and reduction of maps and drawing sections and profiles. 

Proper reference to the course books is required for illustrations, exercises and examples on 

drawing cross sections, enlargements and relief interpretation. 

Learning outcomes.  

After reading and discussing Mapwork, you should be able to: 

a) Interpret physical Features and human activities on Topographical maps. 

b) Enlarge and reduce sections of a map. 

c) Draw cross sections and calculate the Vertical Exaggeration. 

1. Interpretation of Physical Features and Human Activities on 

Topographical Maps. 

Interpretation of physical features. 

1. Landforms. 

They are interpreted by use of contours, convectional signs and names of known features. For 

example; dissected and rolling relief, hill or mountainous relief, slopes, spurs ridges, escarpments, 

plateau, bays and watersheds. 

a) Dissected relief. A relief which has been deeply cut by eroding streams. It is represented on 

a topographical map by crooked and irregular contours. 

 
2

1300

1300

1300

Dissected relief 

 The closer the contours the steeper the slopes 
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b) Rolling topography. Landscape with gentle slopes represented by spaced contours and with 

no high peaks and rivers flowing in pronounced valleys.  

It is also known as undulating relief.  
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Rolling relief

 

c) Hilly or mountainous landscape. A rugged landscape whose gradient is steep and valleys are 

narrow and V-shaped. The valleys are shown on a map by close contours shaped like arrow-

heads pointing upstream, lack of tributaries, fairly straight river courses and occasional waterfalls 

or rapids.  

22-May-14
slides for Quick revision - @Cheloti 

2013
2

A

B

Hilly mountainous relief

 

d) Valley. U-shaped valleys on a map are shown by U-shaped contours pointing towards the 

higher ground as shown below; 
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Valley 

 

e) Slopes. Slope refers to the gradient of the land surface. Nature of the slope is determined 

by looking at the following aspects of contours on a topographical map; 
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~ The pattern of contours. When they are curved, they represent rugged relief, when 

they are straight, they represent even relief. 

~ The spacing of contours. The closer the contours, the steeper the slope. 

~ Contour height. Actual height of contours indicates the highest and lowest points 

and this helps to determine the direction of the slope of land. 

Three types of slopes exist; 

(i) Even slopes. Found in peneplains, plateau or flat areas. Shown on a map by 

evenly spaced contours at regular interval as shown below. 

(ii) Convex slopes. Slopes which are steep in their lower sections and are not 

intervisible. They are represented on a map by spaced contours up-slope and 

closer contours downslope. 

(iii) Concave slopes. Slopes which are gentle in their lower sections and steep in 

upper sections. They are intervisible. They are represented on a map by well 

spaced contours downslope and close contours upslope.  

f) Spurs. A piece of raised land jutting into a valley or a projection of land from a mountain 

or a ridge. Spurs can either be interlocking or truncated.  In interlocking spurs are shown 

on a map by contours bulging from high areas towards the lower areas. Truncated spurs 

exist where the interlocking spurs have been trimmed possibly by glaciation. 

g) Pass. A narrow-steep sided gap in hilly or mountainous area which allows 

communication to pass hence the name ‚pass‛ they are shown on a map by the absence of 

contours between high areas but with a transport rout passing through them. 

h) Saddle/col. A gap between two hills or mountain ranges which does not allow any 

communication. They are shown on a map by the absence of both contours and transport 

route between high areas. 

i) Ridges. Narrow uplands with steep sides. Some form watersheds between two adjacent 

drainage systems. Shown on a map by contours falling on both sides of upland. 
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j) Escarpment. A long gentle slope on one side called a dip slope and a short steep slope on 

the other side called a scarp slope. Dip slopes are shown by spaced parallel contours. 

Scarp slopes are shown by close parallel contours. 

k) Plateau.  Upland with more or less uniform summit level sometimes bounded by one or 

more slopes falling steeply away. 

l) Promontory/peninsula/point/cape. A promontory or headland is a piece of land jutting 

into water. If it s big, it is called a peninsula and when it is small, it is a point. E.g Hippo 

point in Kisumu. A cape is a high point of land rising into the sea. E.g, Cape of Good Hope 

in South Africa. 

Description of relief on topographical map. 

The following clues are important when describing relief; 

a) Describe the general appearance of the entire area, e.g, the area is hilly, mountainous or 

plain, undulating landscape or has many hills etc. 

b) State the highest and lowest parts of the area. 

c) Look for valleys which are occupied by rivers. 

d) Study the contours keenly to come up with a description of the gradient or type of slopes 

e.g whether the terrain is steep or gentle. Give the general direction of the slope. 

e) Identify any conspicuous landform present in the area e.g a plateau, ridge etc. 

2. Vegetation.  

Forests on a map are indicated using appropriate symbols or are named. For example, Mau, 

Meru and Ngong Forests.  Forests indicate low and cool temperatures, fertile soils. Bamboo 

forests indicate very high rainfall. Riverrine trees indicate that the river valley has high 

moisture content than the surrounding region. Thicket indicates average rainfall. 

Woodland/scrub/scattered trees show high temperatures and also indicate seasonal rainfall. 

Scrub and scattered trees indicate low rainfall and poor soils. 
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A forest on a topographical map 

3. Drainage  

These are water features, either natural or artificial. They include the following; 

Rivers.  

a) Perennial/permanent Rivers are shown on a map with continuous blue lines. They are a 

likely indication of heavy rainfall, impermeable rocks in an area or the rivers source their 

water from well watered areas. 

b) Intermittent rivers/ seasonal or indefinite streams are shown on a map by broken blue lines. 

They may indicate that the area receives low rainfall, or seasonal or the river does not 

have a rich catchment area. 

c) Disappearing rivers/vanishing streams. They are shown on a map by blue lines which end up 

abruptly. They indicate the presence of porous rocks, underground drainage, 

superimposed water or low rainfall in the area. 

d) Lack of surface water is a likely indication that an area has porous, permeable, pervious or 

soluble rocks like limestone or the area has jointed rocks and receives low rainfall. 

Drainage patterns.  

Several drainage patterns can also be identified on topographical maps. 

Artificial hydrographic features. 

They include boreholes, waterholes, ponds, aqueducts, reservoirs and water treatment plants.  

The presence of irrigation channels, water ponds, reservoirs and boreholes on a map indicate 



Illustrated Lesson Notes In form 3 Geography For Secondary Syllabus 

Copyright@Cheloti 

 
16 

that the area receives low/unreliable or seasonal rainfall. 

An aqueduct is likely indication of supply of piped or clean water in the area.  A water tank 

indicates that water is being harvested and stored for future use due to seasonal or unreliable 

rainfall. 

 Other drainage features. 

1) Waterfalls/rapids may indicate abrupt change on the river channel from plateau to a plain at 

a pint of faulting. They may also indicate river rejuvenation. 

2) Sand or mud is indicated on a map by use of brown clusters of dots. they are a likely 

indication that the river is shallow, there is deposition on the river course and that the 

deposition alternates with lateral erosion. 

3) Swamps generally suggest that the area has impermeable rocks with clay soils which are 

easily waterlogged, it is poorly drained or it is flat or a plain. Permanent swamps indicate 

that the area receives high rainfall.  Papyrus swamps indicate waterlogged area. Swamps at 

river mouth suggest possible formation of a delta. 

                  a swamp on a topographical map 

 

4. Economic activities.  

a) Agriculture 

1. Crop farming 

(i) Plantation farming. Evidence of plantation farming is crop symbols or shading on the 

map with the symbol of the crop indicated. E.g ‘C’ symbol indicates coffee plantation. 
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Also names of estates like Kaimosi Tea Estate, Chemilil Sugar Company and Voi Sisal 

Estate indicate plantations. 

(ii) Small scale crop farming. Indicated on a map by cotton ginnery or sheds, coffee hulleries, 

posho mills for grain crops, jiggery for sugar-cane, tea factory or store and pyrethrum 

drier. 

2. Livestock farming. It is suggested by presence of dairy farms, veterinary stations, spray 

races, water pumps, cattle dips, quarantine areas, cattle camp, cattle market, creameries, 

waterholes and cattle Boma. 

3. Mining. Symbols of a mine, name of the mine or particular minerals, quarry is indicated by 

an appropriate symbol and a processing plant for example the cement processing plant that 

indicates limestone mining. 

4. Forestry/lumbering. Presence of saw mills, forest reserves, named forest estates, forest 

station and forest guard post all indicate forestry. Lumbering is indicated by saw mills and 

a road that ends abruptly into the forest estate. 

5. Fishing. Fish traps, fishing co-operative society, fish ponds, fish hatcheries, fisheries 

department and fish landing grounds (Banda) indicate fishing. Presence of a river or a lake 

is not an indicator that fishing is practiced in the area. 

6. Services. They include light engineering, repair works, trade(suggested by presence of 

shops, closer roads, markets , railway line, stores and trading centres), communications( 

telephone lines and post offices). 

7. Tourism. It is indicated by presence of hotels, picnic and camping sites, national and game 

parks, pre-historic sites, museums, monuments, tourist resorts, viewpoints along major 

roads and water surfing and swimming sports. 

8. Transport. Presence of roads, railways, aerodromes, airstrips and seaports indicate 

transport. 

 



Illustrated Lesson Notes In form 3 Geography For Secondary Syllabus 

Copyright@Cheloti 

 
18 

5. Settlement.  

They are indicated on a map by clusters of dots indicating settlement as shown below. 
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2. Enlargement and reduction of maps. 

There are two methods used in enlargement and reduction of maps; 

a) By use of squares. 

b) By use of similar triangles. 

Enlargement of maps.  

This is the increasing or magnifying of the size of a map of a given area. A map size can be 

increased either twice, thrice or four times its original size. The following steps are used in 

enlarging a map using the square method. 

a) Locate the area on the map that requires to be enlarged. 

b) Measure the length and width of the frame of the map area that is to be enlarged.  

c) Draw this area o a piece of paper and insert convenient squares within the frame 

accurately. 

Rectangle representing area between Eastings 42 and 46 and Northings 90 and 92.

3/29/2015 27Cheloti Sanya presentation 

Rectangle representing area between Eastings 42 and 46 and Northings 90 and 92.

 

d) Determine how many times the map area is to be enlarged. 
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e) After enlarging the frame, plot all the required details on the enlarged map 

appropriately. Features must be accurately in their positions at the appropriate grid 

squares.  

NB: Map reduction follows the same procedure as enlargement only that in this case, the size is 

decreased.  

Drawing sections and Profiles. 

A section is a vertical cut through soil, rock or landscape or representation of the actual 

appearance of the landscape in diagrammatic form.  

Importance of sections. 

a) They enable us to determine the type of slope. 

b) They provide a comprehensive appearance of the landscape which can be of great 

assistance in construction. 

c) They enable us to determine intervisibility. 

d) They give a general impression of the physical appearance of the landscape. 

Types of sections. 

1. Transect sections. These are sections drawn to show different types of natural and artificial 

features. They can be longitudinal, traverse or radial. They cover large areas (longitudinal) 

and show geographical zones like vegetation and changes in landscape. 

2. Transverse sections. These are more accurate and are drawn between two identified points 

on a given contour map. They show the general landscape and other geographical 

phenomena like vegetation and settlement.  

3. Sketch sections. These are sections which are not drawn to scale   to represent the 

appearance of the landscape of a given area between two points. They are merely 

estimations of the general trend of the landscape. 
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4. River profile. This is a section along the river valley from the source to the mouth. This is 

also called longitudinal profile or long profile. Such a section divides the river into 

youthful, mature and old stages. 

5. Cross sections.  

This is a grammatical representation of the variation between identified points along a straight 

line.  

The following steps are taken when drawing cross-sections; 

a) Identify the two end points to be covered by the cross-section. E.g A and B. 

b) Draw a light pencil line to join the two points (A and B). 

400540
460540

Draw a cross section between grid reference 400540 and grid 

reference 460540. Use a vertical scale of 1cm represents 20meters.

3/29/2015 22Cheloti Sanya presentation 

 

c) Then fold a paper on the map by placing in straight edge along the line A and B. 

d) Apply the strip of paper on the map by placing its straight edge along the line (A and B).  

e) While holding the paper very firmly, on it mark the two end points (A and B), then identify 

the heights of these two points and mark them on the paper.  

f) Mark on the paper the contours crossed by the line. Where there is a river mark with a 

depression sign ‘u’ and where there is a hill mark with a special sign ‘n’. They will help you 

draw curves appropriately. 
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Contour transfer to a piece of paper 

 

g) Name any conspicuous features where they appear on the paper. 

h) Note the highest and lowest points crossed because these will determine your scale. Then 

calculate the amplitude of relief (difference between the highest and lowest contour) to 

assist in determining the vertical scale. 

i) Then determine the vertical scale putting in mind the use of a suitable range. 

j) Draw equal distance lines on a fresh paper, preferably a graph paper and mark on it A and 

B at both ends. 

k)  Then draw vertical lines at both ends. On them mark the heights accordingly. Hold the 

strip of paper firmly and transfer the information from it to the graph appropriately. 

l) Draw a smooth curve to connect the points in form of a line graph. 

m) Annotate or label the cross section. When naming, use arrows coming from top and not 

from bottom. 

Cross section between A and B 

400540
460540

Papyrus swamp

Riverrine trees

cross section between grid reference 400540 and grid reference 460540

3/29/2015 23Cheloti Sanya presentation 
 



Illustrated Lesson Notes In form 3 Geography For Secondary Syllabus 

Copyright@Cheloti 

 
22 

Calculation interpretation of; 

a) Vertical Exaggeration (VE). 

This is the ratio of the horizontal scale to the vertical scale. The vertical scale is always larger 

than the horizontal scale and therefore it is always exaggerated. 

Convert the vertical scale to a ratio scale i.e. from 1 cm represents 20M to 1:5000. 

V.E = Vertical scale 

                Horizontal scale 

 VE = VS ÷ HS 

       = 1:2000 ÷ 1:50,000 

       = (1÷ 2000 ) X (50,000÷1) 

      = 25  

b) Gradient.  

This is the steepness of a slope between two given points. It is expressed a proportion between 

the Vertical Interval (V.I) and its Horizontal Equivalent. E.g 1 in 20. It is an angular 

measurement expressed in degrees from the horizontal. 

Calculation of gradient. 

a) Draw a light line to join the two given points A and B. 

b) Measure the distance between the two places whose gradient is to be calculated. The 

distance between those two points is called the horizontal equivalent (H.E) or the ground 

distance. Or actual distance.  

c) Then determine the vertical Rise (V.R). Vertical rise is calculated by marking out the 

difference between the two points A and B by using contours or spot heights  

d) Express both H. E and Vertical Height (V.R.) to same units (in metres). 

e) Finally calculate the gradient by either use of normal ratio or by Trigonometrical ratio.  

Intervisibility. 

Intervisibility is the ability to see or view two points from either side.  

Illustrate intervisibility.  
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Topic three 
EXTERNAL LANDFORMING PROCESSES. 

These are the processes caused by forces that are external to the earth (Exogenetic or exogenic 

forces or forces of Denudation). Denudation refers to the destruction, wastage and removal of 

parts of the earth’s surface.  

The processes include weathering, mass wasting, erosion and transportation.  

1. WEATHERING AND MASS WASTING 

 

WEATHERING 

Definition 

It is the mechanical disintegration or chemical decay of rock in situ (without movement of 

disintegrated material) as a result of their exposure at or near the earth’s surface. 

Agents of weathering 

a) Heat. 

b) Water. 

c) Dissolved substances. 

d) Plants and animals. 

these agents are adequately discussed in the causes of weathering. 

Causes of weathering.  

a) Climate. The main climatic elements that have influence on weathering are sunshine, rain, 

frost and temperature. In warmer climates with more annual rainfall, there is a quicker 

chemical reaction with increased water saturation. Temperature variations determine rates 

of rock expansion and contraction. Temperature fluctuations also lead to Frost action. 

Different climates have different types of weathering. 

b) Structure, texture and mineral composition of rocks.  

 Texture.  Texture- size of rock particles. A fine grained rock like limestone or marble is 

greatly affected by chemical weathering processes as compared to coarse grained ones. 

This is because the fine grained rocks have a large surface around each individual 
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particle on which chemical weathering acts. 

 Structure. Joints and bedding planes especially in sedimentary rocks are vital media 

through which weathering agents can penetrate a rock. The mode of jointing is also 

instrumental in determining the types of weathering. Circular joints for example yield 

Spheroidal weathering. Rocks characterized by Air spaces between their particles 

(permeable rocks) allow water to enter and pass through them.  

 Colour differences in rocks. This determines the rate of heat absorption. Darker rocks 

break up more rapidly than shiny rocks due to a higher rate of heat absorption. 

 Mineral composition. Some minerals are more resistant than others. Eg. Quartz is 

resistant to chemical and physical weathering 

  

c) Topography. In highland areas where the slope is steep, the weathering process is faster than 

in lowland areas where the slope is gentle. On steep slopes, the weathering materials are 

washed away quickly thus exposing the rock to more agents of weathering. 

d) Biological organisms. Plant leaves, roots, stems and trunk surfaces modify the acidity of the 

passing water, acid may be absorbed or salts may be released, resulting in increased or 

reduced weathering.  Plant roots penetrate through cracks and joints causing stress and 

thus facilitating weathering. 

Burrowing animals turn and mix weathered rocks and provide passage for air and 

moisture to rocks beneath. Human activities like drilling, blasting and digging expose 

rocks buried deep to the surface 

In the diagram above the different layers of 

the rock are weathered at different rates 

depending on the minerals within the rock. 

The layers sticking up most are the most 

resistant.  
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Types and Processes of Weathering. 

Weathering is divided into three broad categories:  

a) Mechanical or physical weathering,  

b) Chemical weathering,  

c)  Biological weathering. 

1. Mechanical or physical weathering  

Mechanical/Physical weathering is the process of rock breaking down without any chemical 

changes. The rock is simply reduced to a smaller and smaller substance but still has the same 

chemical composition. 

Causes of mechanical weathering. 

a) Changing Temperature/Thermal Expansion.  

As rock heats, it expands and when it cools, it contracts, and since its constituent minerals 

expand and contract at different rates, stresses along the boundaries of the minerals cause the 

rock to crack and break apart.  

The process leads to three forms of weathering; 

i. Block disintegration. Commonly experienced in deserts, it involves expansion of rocks 

during the day and contraction at night due to the high diurnal range of temperature. 

The joints in rocks expand causing the rock mass to break into small blocks. 

29-Mar-15
slides for Quick revision - @Cheloti 

2013
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Angular fragments

Angular 

fragments

b)    Cracks or joints are 

widened due to daytime heating 

and night-time cooling

a) Cracks or joints

Block Disintegration

Block Disintegration.  

ii. Granular disintegration. This is the breakup of rocks into small particles or grains. A rock 

composed of various minerals exposed to temperature changes undergoes complex 
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strains. Coarse grained or large grained rocks on being heated during the day shatter on 

cooling later in the evening in a process known as granular disintegration 

29-Mar-15
slides for Quick revision - @Cheloti 

2013
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Granular disintegration

Differential rates of expansion and contraction of 

different mineral grains causing them to break away 

from the  parent rock.

Rock block of coarse grain e.g granite

Accumulation of sand grains derived from the 

rock block

 

iii. Exfoliation/Onion weathering/spalling. This is the process whereby curved layers or plates 

of rock break away leaving behind exfoliation domes.  It occurs when expansion and 

contraction due to heating and cooling forces the outer rock layer to peel off. Rock 

exfoliation may also be caused by forest fires that expose rocks to intense heating. 

29-Mar-15
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This process is called 

EXFOLIATION

Layers of rock peel 

off as expansion 

alternates with 

contraction

Contraction makes 

cracks at right 

angle to the 

surface
Expansion 

makes cracks 

parallel to the 

surface

Scree

This process is called 

EXFOLIATION  

A few to several 
hundred m

Mounds of rock fragments formed by mechanical weathering cover the lower 
slopes of these exfoliation domes

 

Examples of exfoliation domes are found in the Nyika Plateau of Kenya. Mudanda Rock in 

Tsavo East is an exfoliation dome.    
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b) Pressure release/Unloading.  

When pressure on the rock is removed or reduced, as when a mass resting upon it is removed 

by erosion or other means, the rock expands, causing the plates to separate and fall away. The 

process is also known as sheeting and is common in Machakos, Maragoli, Bunyore, Seme and 

Kuria areas. 

c) Frost weathering.  

It occurs when water seeps into rock cracks and then freezes. This can increase its volume by 

almost 10%. Frost causes angular fragments after breaking apart rock. This process is 

sometimes referred to as "ice wedging" or "frost wedging."  

 

Mountain slopes in the mountainous country known as the Lake District , in north west 
England.  Screes , consisting of angular rocks , litter the lower slopes. The Screes result 
from action on the higher slopes.  

d) Crystal growth.  

It involves the growth of salt crystals within a rock. Salt crystallization is common in dry 
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climates. When rain water evaporates, it leaves a layer of salt inside cracks in rocks. Over time 

the salt crystals grow, forming a wedge that breaks the rock as a mechanical weathering 

process. 

Crystallization is responsible for the formation of rock niches and shallow caves at the bases of 

cliffs as well as rock arches and tafoni in sandstone formations. Njorowa Gorge at Hell’s Gate 

near Lake Naivasha is undergoing this process. 

e) Slaking.  

This is the process by which rocks take up water during the wet season and lose it during the 

dry season. When clay dries, it shrinks and cracks thereby facilitating break up and 

transportation. This process is common in the coastal region especially at Tudor, Miritini, and 

Port Reitz. 

2. Chemical Weathering  

This is the actual decay or decomposition of rocks. The process of chemical weathering is 

brought on by the reaction of different particles coming in contact with one another. The 

resulting material has different characteristics and composition than before. The process is 

dominant in humid regions where water is abundant and temperatures are high. 

Types 

Chemical weathering can happen from the following processes. 

A) Oxidation.  

Oxidation takes place when water Oxygen combines with water and earth minerals.  

For example, the reaction between oxygen and iron forms iron oxide, which crumbles easily. 

This process is known as "rusting."  

4FeSiO3 + O2 + 2H2O > 4FeO (OH) (hydrated iron oxide) and 4SiO2 (dissolved silica) 

B) Carbonation.  

Carbonation takes place when dissolved carbon dioxide in moisture forms carbonic acid and 

reacts with minerals in the rock. This weakens and breaks down the rock.  

CO2 + H2O > H2CO3 carbonic acid 
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H2CO3 + CaCO3 = Ca++ + 2HCO3- (calcium and bicarbonate ions in solution) 

Calcium-rich rocks, like limestone, provide the best breeding ground for carbonation.  

C) Hydrolysis. 

Hydrolysis occurs when a chemical reaction takes place between hydrogen in rain water and 

the minerals in a rock.  By altering the chemical composition of the minerals, hydrolysis creates 

weakened materials and makes the minerals more vulnerable to weathering through other 

processes.  

An example would be when potassium feldspar in granite reacts with water, forming softer 

clay.  

Orthoclase to kaolinite  

2KAlSi3O8 (orthoclase) + 2H+ + 9 H2O > 

Al2Si2O5 (OH) 4(kaolinite) + 4H4SiO4 (silicic acid) + 2 K+ 

D) Hydration. 

Hydration occurs when rocks absorb water. This causes the rocks to expand, resulting in stress 

that leads to the breaking down of the rock. Hydration mainly affects the surfaces and edges of 

the rock rather than changing the mineral structure throughout.  

This form of chemical weathering happens during the conversion of hematite to limonite.  

Biological weathering  

Another form of weathering is due to biological processes, like trees, insects and animals. If 

tree roots grow into rocks, they can cause cracks.  

Plant action 

a) Root Wedging. Root wedging occurs when the root of a plant begins to grow into a crack or 

pore in a rock. As the plant grows larger, so too does its root, until the root breaks the rock 

apart. 
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Illustration of root wedging 

 

b) Decaying vegetation and animals release organic acids that precipitate decay of rocks. 

c) Animals through their hoofs can cause an abrading effect on the rocks. They also excrete 

chemical elements on rocks which may lead to chemical weathering. Churning animals 

and insects promote weathering in the lower layers by aerating them.  

d) Humans through deforestation, rock blasting, industrialization and burning land 

contribute to weathering.  

Weathering in different climates 

a) Equatorial climate. The climate has high temperatures and high humidity due to high 

rainfall throughout the year.  Chemical weathering is therefore common. The presence of a 

rainforest as well as a thick layer of litter limits physical weathering that is dependent on 

temperature changes. Biological weathering is also active as trees with large roots wedge 

rocks apart. Vegetative decay produces organic acids that act on rocks. 

b) Tropical climate. These are areas that experience alternating dry and wet seasons and 

therefore favour a variety of weathering. During the dry season when the rte of 

evaporation is very high, bare rock surfaces undergo exfoliation and block disintegration. 

Crystal growth also takes place. During the wet season, slaking occurs. (Physical 

weathering is dominant in the dry season while chemical weathering dominates the wet 

season.) 
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c) Tropical arid climates. Mechanical weathering is common due to the high temperatures 

and high diurnal temperature ranges. Chemical weathering is limited due to moisture 

deficiency. 

d) Mid-latitude climates. Both mechanical and chemical weathering is common. Frost action 

is significant due to the low temperatures. The rate of carbonation is higher in the cool 

climates. The rate of weathering is however generally slower than it is in tropical regions. 

e) Cold climates and mountain tops. Frost action is common due to the extreme low 

temperatures. The rate of physical weathering is faster than chemical weathering which is 

limited by the low temperatures 

Significance of weathering. 

1. Weathering is the initial process that contributes to the eventual creation of soil which is 

used to grow food.  

2. Several materials produced by weathering have economic importance; among them is 

bauxite, a product of hydrolysis of plagioclase feldspars. Bauxite is the main source of 

world’s aluminum. 

3. Weathering produces other natural resources such as clay which is used for making bricks. 

Clay is also used in pottery. 

4. Weathering weakens rocks making them easier for people to exploit, e.g quarrying and 

mining 

5. Weathering causes the salt in rock to be released and drain into the oceans, giving us 

saltwater.  

6. Weathered rocks offer fascinating sites for tourist attraction and intellectual interests. E.g. 

granitic tors like Orando hills, Kit Mikai in Seme Hills and the ikhonga murwe crying stones 

of Kakamega. 

 

 

Mass Wasting 
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Mass wasting is the down-slope movement of rock materials due to influence of gravity.    

Mass wasting is different from mass movement which is the movement of material down 

slope after such material has been lubricated by rain water or snow melt.  

Factors which influence the nature and speed of Mass Wasting. 

a) The nature and weight of the materials. If the layer of the weathered rock is very deep or thinly 

bedded, it will result in rapid mass wasting. Massive rocks overlying weak rocks like clay 

or shale can slide more easily than if they are overlying sand. Large rocks also overcome 

gravity more easily. Thin beds increase the tendency of movement as there are more 

bedding planes over which movement can occur. 

b) Tectonic movements. The vigorous shaking of an already-unstable slope by seismic waves 

and volcanic eruptions may cause it to waste.    

c) Nature of the slope. On over-steepening of a slope, material may become unstable. This is 

because gravity becomes more effective with increasing steepness. Gentle slopes experience 

slow or no mass wasting. 

d) Climate. The amount and nature of rainfall received in an area determines the kind of 

movement that occurs. Areas that receive heavy rainfall experience massive landslides 

especially when the slope is steep. Light rains lead to slow movement due to slower 

saturation. 

e) Vegetation cover. A slope denuded of vegetation loses surface protection from the impacts of 

raindrops, which can mobilize sediment grains with water flowing down slope. However 

dense vegetation cover increases water intake and accelerates saturation which trigger of 

mass movement. 

f) Amount of water. An excessive amount of water within a slope increases its mass, increasing 

shear stress within parts of the slope, especially along rock fractures tilted in the same 

direction as the slope surface. Water also acts as a lubricant along the bedding plane to 

facilitate movement. 

g) Biological activity - Animals or humans moving along steep slopes may loosen rocks, 
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sending them crashing down slope.  Human activities like cultivation, mining, building 

and grazing animals affect stability of surfaces.  

Types and processes of Mass Wasting 

There are two basic types of mass wasting as influenced by the factors discussed above; 

1. Slow mass wasting 

2. Rapid  mass wasting 

a) Slow mass wasting 

This is the slow but steady movement of soil or loose rock debris down a slope. The movement 

is not easily noticeable since materials move by creep. The four processes of slow mass wasting 

are; 

(i) Soil Creep. This is a steady movement of soil and other fine materials along a very gentle 

slope.  The movement of the materials is hard to notice but the effects can be noticed. Below 

are the factors that cause creep of a slope:  

i. Freezing of soil water.    Freezing of water in between sediment grains causes the water to 

expand by 9% in volume, forcing soil grains upward.  As the ice melts, gravity pulls the 

grains downward and by so doing, shifting their positions downslope. This is called 

Frost Heaving 

Illustration of frost heaving 

30-Mar-15
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Soil layer 

undergoing frost 

heaving

 
ii. Wet-dry cycle. The addition of water in form of rain to dry sediment can force the grains 

to become wet and compact.   As the slope sediment dries, the grains become loose and 

separate from each other. They shift their positions downslope leading to slow 

movement.  
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iii. Alternate heating and cooling. This causes the soil particle to expand and contract resulting 

in each of the affected particles shifting its position. 

iv. Removal of soil downslope. When the soil on the lower parts of a slope is removed, it 

triggers off the movement of soil from the upper parts of the slope causing it to slowly 

shift downslope by gravity. This can be aided more if any moisture is in the soil to act as 

a lubricant. 

v. Rainwater. When rainwater percolates into the soil, it may drag individual grains of soil 

along with it causing them to change their position. 

vi. Ploughing. Especially across a slope causes the soil to be turned towards the lower side of 

the slope. This causes the rest of the shift to shift downslope. 

30-Mar-15
slides for Quick revision - @Cheloti 
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Evidence of soil creep

 
  Evidence of a creeping slope     

a. Trees that have an unusual bend near the bases of their trunks.  

b. The tops of telephone poles and even fence posts will tilt down.  

c.  Stone walls built across the slope can be destroyed by the creeping soil which exerts 

pressure on them 

d. When the fine soil particles move downhill, the upper slopes are left bare and exposed. 

e. Accumulation of soil particles at the base of a slope 

f. Over a long time, it may lead to slope retreat- the affected slope becomes gentler than 

before. 

g. Interference with infrastructure. Soil may accumulate on the road and railway making 
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maintenance expensive. 

h. The ends of rock outcrops may be made to arch downhill when the soil lies on them as it 

creeps. 

i. The soil may form a stepped pattern on the slope which is reffered to as Terracettes.  

a) Scree creep/talus creep. 

Angular waste rock material of various sizes creeps down a mountain side where the rock 

strata are inclined from the slope. The mass of broken rock particles which accumulates at the 

base of cliffs and scarp slopes is called talus. 

b) Rock creep.  

Individual rocks may move down the slope at a very slow speed. This usually happens if such 

rocks are lying on clay. In the presence of moisture, the rocks may creep slowly downhill. 

Illustration of rock creep 

 

c) Solifluction 

This is the movement of saturated soil, gravel and weathered rock materials down a moderate 

slope. It is a major type in cold Polar Regions and some high mountains.  

In times of warm weather, the ground will begin to thaw from the surface downward.  

All of the freshly melted water cannot absorb into or move through the permafrost layer. 
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Illustration of solifluction

 
RAPID MASS WASTING 

Rapid mass wasting may occur in various forms such as flowage, sliding or falling. 

1) Earth flows.      

These are common in humid areas where materials on the surface get saturated with water 

causing them to flow downhill under influence of gravity. This down-slope movement can be 

rapid and short-lived, often leaving behind shallow scars at the original position of the 

materials. 

An Earth flow
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2) Mudflows.  

These are large volumes of unconsolidated material which are super-saturated after heavy rains 

and occurring on moderate to steep slopes where the soil is bare. The material flows as semi-

liquid mud with boulders and gravel embedded in the mud. 
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The downhill movement of a mudflow often causes vertical cracks to develop at the head of the mudflow. The 

movement also causes the mudflow to pile up into ridge-like features at the foot of the slope

mudflow

Slumping begins here

 

This causes the upper layer of soil and regolith to 

become saturated and flow down the slightest of 

slopes as it slips over the frozen ground underneath 

At the destination, the materials form 

small bench-like terraces 
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3) Landslides. 

These are sudden movements of land but with little water content. The mass of sediment/rock 

sticks together as a coherent block as it travels down slope along a tilted plane or surface of 

weakness.  

The common forms of landslides are slump, debris slide, rock slide, rock fall, debris fall and 

avalanche. 

a) Slump/slip.  

The intermittent movement of earth rock masses for a short distance along a concave plane.  

Slumps form where the base of a slope is removed by natural processes (stream or wave 

erosion) or by human efforts (road or building construction).  

It occurs where massive sedimentary strata, usually sandstone or limestone, overlie weak 

rocks like clay or shale. If the underlying weak rocks are saturated with water or erosion 

occurs on the weak rocks at the base of a cliff, the overlying rocks are undercut and break off 

then slide downhill while at the same time rotating around a curved plane. 

A slump 

 
Slumps are common in the hilly areas of Kiambu and Muranga counties. 

b) Debris slide. 

A debris slide is also called an earth slide. Accumulated rock debris and other loose materials 

which are products of weathering may suddenly move horizontally downhill as a whole mass 
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without breaking up and with no back-tilting. The materials accumulate at the base of the 

slope. 

A debris fall 

 
c) Rock slide.  

This is rapid downslope movements of blocks along a bedding plane, joint, or area of 

weakness. The blocks tend to break up into smaller pieces as the slide moves downslope and 

large pieces collide with each other. These pieces can travel a great distance due to the force of 

the falling rock. Rock slides can be triggered by earthquakes or by the saturation of a slope 

with water.     
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d) Rock and debris fall.  

Rock Falls are the free-fall of pieces of rock from a mountain or cliff face. This is the most rapid 

form of mass wasting. The falling materials can be as small as sand grains and as large as huge 

blocks 

A Rockfall 
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 The debris and rock fragments from rock falls collect at the base of the slope as talus.  

Rock fall is common in temperate regions in spring due to repeated freezing and thawing. It is 

also common along road cuttings in Iten-Kabarnet and Wundanyi-Mwatate roads. 

e) Rock avalanche.       

A rock avalanche is a transitional sort of mass wasting event, changing from a pure rock fall to 

something more like a rapid flow of material as the material moves further from the base of a 

slope.  Some geologists classify rock avalanches as flows.    

Rain-wash/Downwash 

This is the movement of loose surface materials down a slope especially in dry areas with 

scanty vegetation. It is usually caused by heavy rainfall falling after along dry season. The first 

raindrops scatter and loosen the soil particles. The running water washes large quantities of 

the loosened soil downhill as sheet wash and gulleying. 

a. Sheet wash. Sometimes known as sheet flooding, it involves the removal of soil uniformly 

from a large area on a slope by heavy rainfall. It is common on gentle slopes. The water 

from the heavy rainfall is able to spread over the surface before flowing downhill as sheet 

wash. 

b. Gulleying. Where the ground is irregular as on steep slopes, running water flows downhill 

along specific channels. As it does so, it carries with it loose materials. The channels 

through which water is flowing are eventually widened and deepened. They are known 
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as gullies.  

When neighbouring gullies widen, the ridges between them are reduced to pillar like 

structure called earth- pillars. 

EFFECTS OF MASS WASTING ON PHYSICAL AND HUMAN ENVIRONMENT. 

a) Permanent scars on the landscape: a derelict topography especially when a slump occurs 

is one effect of mass wasting. 

b) Soil erosion: mass wasting facilitates soil erosion of steep slopes where scars have formed. 

For example, in hilly areas like Machakos and Narok districts. 

c) Formation of new landforms. Slumping leads to formation of scars and development of 

depressions. When filled with water, they may form small lakes or ponds. Hillocks may 

form where the materials accumulate. 

d) Creation of lakes: mounds of debris or blocks of rocks have sometimes dammed river 

courses thereby creating temporary lakes. E.g Lake Bujuku on Ruwenzori and Lake 

Funduzi in South Africa. 

e) Changing river courses. Landslides can cause rivers to change their direction of flow. In 

1963, mud-flow in the Rif Atlas Mountains of Morocco pushed the course of River Rhesana 

100m eastwards. 

f) Soil fertility: materials derived from fertile origin end up in different destinations. For 

example, Miwani-Chemilil-Muhoroni Zone owes their fertile soils to the volcanic wastes 

washed from Nandi hills. In Kwale district, soils of Ramisi and Lungalunga were derived 

from Shimba Hills.  

g) Tourist attractions: some features of mass wasting like rock fall and avalanches are tourist 

attractions, for example, the avalanches of Switzerland. 

h) Damage to property and loss of life: mass wasting can destroy buildings, lines of 

communication, transport routes and cause great loss of life. In April 2004, landslides 

occurred in Kihuri village of Othaya Division wiping out a family of six. 
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Topic four 

THE HYDROLOGICAL CYCLE AND ACTION OF RIVERS. 

 

The Hydrological Cycle 

Definition 

This is the process by which water in its various forms is endlessly cycled between the land, 

sea and atmosphere. This happens through the following processes.  

Illustration of A hydrological Cycle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Evaporation. This is the process by which moisture is directly lost into the atmosphere 

from various water surfaces like oceans, seas, lakes, ponds, rivers and swamps due to air 

movement and the sun’s heat. The loss of water through the combination of evaporation 

and transpiration is called Evapo-transpiration. 

2. Cooling. When water vapour rises into the atmosphere, it expands and cools because of the 

reduced atmospheric pressure in the upper layers of the atmosphere.  

3. Condensation. When the cooling of the water vapour continues to below dew point, the 

vapour turns into tiny water droplets which join together to form clouds. 

4. Precipitation. When clouds become too heavy, they release the moisture they are holding I 

a process called precipitation. 

5. Run-off. In cases where the precipitation is very heavy, the ground may be incapable of 

absorbing all the rain. The excess water flows away over the surface of the earth as run-off 

or overland flow. 

Hydrological cycle

evaporation

Evapo-transpiration

Cooling.

condensation Clouds.

Surface run-off

Lake.

precipitation

percolation

Clouds.
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6. Infiltration. This is where water slowly soaks into the soil from the ground.  

7. Percolation. Water in the soil does not remain there but moves down slowly into the lower 

layers of soil and rock. It creates groundwater storage found in rocks and this may later be 

moved sideways through the rock via groundwater flow 

8. Overland flow. Both the surface run-off and river flow make up the overland flow. 

Significance of the hydrological cycle. 

a) The amount of water vapour in the atmosphere determines the amount of energy stored in 

the atmosphere for the development of storms.(the  Hydrological cycle is significant in 

maintaining atmospheric energy) 

b) The moisture in the atmosphere absorbs terrestrial radiation thereby regulating the heat 

being lost from the ground by reflecting most of it back to the earth. 

c) It leads to formation of rainfall which assists in agricultural production and vegetation 

growth. 

d) It assists in the oxygen and carbon cycles in the atmosphere 

e) Hydrological cycle leads to the distribution of water on the earth’s crust. 

ACTION OF RIVERS 

RIVER 

 A river is a body of water flowing along a natural channel.  

 The point where the river begins is called the source. The source can be a highland area or 

in lakes, for example River Nile from Lake Victoria.  

Development and characteristics of rivers. 

 The point at which underground water comes out of the ground and flows onto the surface 

is called a spring.  

 The point at which a river ends is the mouth. This can be an ocean, lakes/seas or swamp.  

 The path taken by the river from its source to the mouth is the course.  

 As the river flows along the course, it is joined by smaller streams called tributaries.  

 The point at which tributaries join the main stream is known as the confluence.  

 A drainage basin is a portion of the Earth's surface that contains a main stream and its 

tributaries.  

 The drainage divide/watershed represents the boundary between adjacent drainage 

basins.  
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 The high areas in between the tributaries are called the interfluves. 

 The Streams within the drainage basin are either perennial or intermittent in flow. 

Perennial streams flow all year. Intermittent streams only flow during wetter times of the 

year.  

 Exotic streams are those that originate in a humid region but flow through an arid region. 

Such is the case of the Nile and Colorado Rivers.  

 The entire area which is a river and its tributaries draws its waters is known as a catchment 

area.  

 The material carried by a river is called the load.  

 River discharge is the amount of water that is passing through a particular point on the 

river’s course.  

 The seasonal variation or fluctuation in the volume of water is the river’s regime. 

 The stream capacity is the maximum load of sediment a stream can carry for a given 

discharge. Stream capacity increases with increasing flow velocity.   

 Stream competence is the largest size material the stream can move under a given 

discharge. 

Some of the stream features (illustrated) 

 
 



Illustrated Lesson Notes In form 3 Geography For Secondary Syllabus 

Copyright@Cheloti 

 
44 

A river profile 

This is the longitudinal section of a river from source to mouth showing the shape of a river.   

(Shows a steep gradient near the source of the stream and a gentle gradient as the stream approach its mouth.) 

 
The rivers profile is devided into the following sections; 

a) Youthful stage. It has Narrow V-shaped cross- section. There is active down cutting 

and Swift water movement due to a Steep gradient. Erosion is dominant. 

b) Mature stage. This is the stage where Lateral Erosion begins and Meanders 

develop. Floodplains begin to develop at this stage as the Gradient lowers 

c) Old stage. The river has Wide meanders, oxbow lakes and wide floodplain. The 

river has Low velocity due to the Low gradient. 

The Work of a river. 

Water flowing through a stream performs three kinds of geologic work.  

a) Erosion 

Stream erosion is the detachment of material from the bed or sides of the channel. Flowing 

water erodes in four ways.  

a) Hydraulic action: This is the removing of rocks from the bed and banks of the river by the 

force of the running water. Sometimes known as the quarrying action, hydraulic action 

dislodges materials and makes them available for transport as part of the stream load.  

b) Corrasion (abrasion): Materials too heavy to suspend scoot and roll across the bed, eroding 

the channel by abrasion. The action would dislodge other materials and carry them away. 

Potholes are the product of corrosion. 

c) Solution (corrosion): - Running water contains weak inorganic acids like carbonic acids and 

organic acids like humic acids which act on rocks such as gypsum and dolomite. Flowing 

water dissolves materials from the channel contributing to stream’s dissolved or, solution 
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load.  

d) Attrition: The loosened materials that are being carried away collide against the river’s 

sides and bed and against one another. Over time, they would become smaller and 

eventually reduced to fine particles called silt. Attrition however is not one of the erosive 

processes since it merely acts on already eroded material. 

Ways in which a stream erodes (illustrated) 

 

Types of river erosion. 

a) Headward erosion. This takes place when the river cuts back the upstream of the valley 

above its originalsource. Mainly caused by rain-wash, gulling, soil creep and spring 

sapping. The result of head ward erosion is recession of the river source. 

b) Vertical erosion. This is the down cutting of the river channel through hydraulic, 

Saltation, Corrasion and solution processes. The result is the deepening of the river channel. 
Illustration of vertical erosion

21-Jun-15
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c) Lateral erosion. This type of erosion takes place on the sides of the river’s channel and 

mainly by hydraulic action, solution and corrasion processes. The result is the widening of 

the channel. 
Illustration of lateral erosion
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Factors affecting the rate of river erosion. 

a) Speed of river (velocity). A stream's velocity depends on position in the stream channel, 

irregularities in the stream channel caused by resistant rock, and stream gradient. At the 

river’s source, there is effective erosion because of a steeper gradient. 

b) Volume of river. The volume of river depends on Size of drainage basin, Permeability of the 

underlying rocks and Climate. The larger the volume of water in a stream, the higher the 

rate of erosion. 

c) Nature of the bedrock. Less resistant bedrocks like sandstones and limestones will be eroded 

faster than more resistant ones like granites. 

d) Nature and amount of the load. Where a river’s load is composed of large hard objects like 

boulders and tree trunks, there is more erosion by corrasion. 

EROSIONAL FEATURES 

By means of erosion and deposition along its course, a river creates a variety of features. 

1. Stream-cut valleys 

Valleys created by the rivers can take different shapes, depending on the force of the running 

water. 

a) Narrow, Deep V-Shaped Valley. It is created when the river flows down a steep slope. There 

is rapid downward erosion. The force of the water cuts into the land to form a narrow 

deep v-shaped valley. 

 
b) Broad V-Shaped Valley The River flows down less rapidly in large bends when the slope is 

gentler. In this way, the river erodes sideways. It creates a broad v-shaped valley. 
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c) Wide Valley. The river flows in larger bends on a flat land. Hence, the valley created has a 

broad, flat valley floor.   

7

River 
Wide flat valley

Deposited material

Wide valley

 
b) Potholes:  

These are Circular depressions on the river bed Formed by corrosion (abrasion).  Potholes can 

be seen on the river-beds of seasonal rivers during the dry season. 
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vertical eddies
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deepening and enlarging 

the pothole

How potholes are created

potholes
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Potholes can be seen on the river-beds of seasonal rivers during the dry season. 

c) Rapids:  

Sometimes along the course of the river, a series of short and fast falls of water know as rapids 

are formed. When rapids occur in a series along a river, they are called cataracts. 
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They are formed  

~ When the river flows over bands of hard and soft rocks.  

~ Where a layer of more resistant rock which gently dips downstream lies across the river-

bed. 

~ Where a waterfall recedes upstream causing the height of the fall to become so small that 

the water is no longer plunging to the bottom. 

~ Where a waterfall is beginning to form 

Examples of rapids in Kenya are the Kora rapids on river tana below Usueni Falls, rapids on 

river Nzoia, Yala, Sondu, Kuja and Nyando 

d) Waterfalls.  

A waterfall is a vertical flow of water falling from a great height. A waterfall is usually found 

in the upper course of a river where the river bed has a sharp break in its gradient making it 

vertical or near vertical. 

Where a river forms a series of stepped falls, the waterfalls are called a cascade.  

 A waterfall may be formed under the following conditions; 

1. A difference in the resistance of the rock into which the river is cutting. 

When a layer of more resistant rock lies across a river’s course in any of the following ways; 

(the less resistant rock on the downstream side is eroded faster  making the river bed to be 

steepened  after the river crosses the harder rock. 
The soft rock gets warn away from under the hard rock and so there is an overhang of harder rock which is formed. the 

overhang finally  collapses and so a waterfall is formed When it gains speed it digs into the rock creating a feature called a 

plunge pool  

examples; Gura Falls, Tana Falls, Grand Falls and Adamson falls o river Tana, the Fourteen Falls on river Athi, Thompson’s 

falls on river Ewaso Nyiro and Webuye falls. 

illustration of the ways in which waterfalls are formed 
a)   A layer of resistant rock lying horizontally

22-Jun-15
slides for Quick revision - @Cheloti 

2013
1145

 

b)    A layer of resistant rock dipping gently upstream
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c) A layer of rock lying vertically
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2. A river descends over a sharp edge of a plateau. A waterfall forms at a point where a river 

descends into a coastal plain or a lower plateau from a higher plateau. For example, 

Chandler’s falls on Ewaso Nyiro and Lugard Falls (where River Galana descends the Yatta 

plateau into coastal plain). Other examples are Pangani falls on river pangani (Tanzania), 

the Livingstone Falls on River Congo and Victoria falls on River Zambezi. 

3. A river descends a fault scarp. In a rift valley, a river may drop over more resistant rocks over 

a scarp slope to form a waterfall. Examples in Kenya include Turkwel Falls on river 

Turkwel, Webuye Falls on River Nzoia. In Uganda, Kabalega (Murchison Falls) on the 

Victoria Nile. 

4. River descends a cliff into the sea. The rock forming the cliff may be resistant and therefore 

provide an ideal site for waterfall formation. For example, the Lobe Falls near Kribi in 

Cameroon where river Sanaga plunges into the sea from the volcanic hills. 

5. A river descends a lava barrier or landslide accumulated debris. Water accumulates on the 

upstream of the barrier and when the lake fills, a waterfall may form at the point of the 

overflow. Lily falls to the West of Tananarive in Madagascar and Tissisat falls on Blue Nile 

were formed in this manner. 

6. River descends a hanging valley in glaciated areas. The Vivienne falls on the upper part of river 

Nithi on Mount Kenya is a good example. 

7. Rejuvenation of a river. Where knock points (points of sudden drop in slope) becomes sites 

of waterfall formation. Examples of such falls are Winjo and Gogo falls on river Kuja in 

western Kenya. 

Gorges 

Gorges are Valleys which are steep sided, deep and narrow and are mostly products of river 

erosion. They can be formed in any of the following ways; 

a) Where a waterfall retreats upstream. The position of a waterfall may shift upstream as the 

Chania and Thika falls at the Blue Post Hotels in 
Thika are examples of falls formed where a rock 
layer is lying vertically across the river’s course. 
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more resistant rock is slowly eroded. Due to this, the river forms a gorge below the 

waterfall 

A gorge forming due to a waterfall retreat
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b) Gorges formed due to river rejuvenation.  

~ A gorge may form where a river maintains its course across land which is being 

uplifted (antecedent gorge). For example, Oleolondo and Malewa Ndogo Gorges on R. 

Malewa and Turasha Gorge on R. Turasha. 

Formation of gorge due to river rejuvenation
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a) River valley before regional uplift b) During uplift, intense erosion helps the 

river to maintain its flow 

c) Gorge finally forms due to river rejuvenation

Causes of rejuvenation
An abrupt fall in sea increasing the river’s 
erosivity due to increased gradient. E.g Winjo 
Gorge on River Gucha in Kenya.
 Rivers passing through arid areas but with 
increased water volume may become vigorous 
in erosion. E.g along Ewaso Nyiro River, 
Chebloch Gorge in Kenya and Grand Canyon 
Gorge on River Colorado.

 
c) Where a river flows along a line of weakness/fault line. Such a river would erode vigorously and 

vertically through the weak rocks resulting in a very deep channel. e.g along river Malewa 

in Kenyan rift valley, Shiroro Gorge (river Kaduna) in Nigeria and along river Rokel in 

Sierra Leone. 

d) Where a river flows across a plateau composed of horizontal and alternating layers of hard and soft 

rocks. River erosion will be more effective on the soft rocks resulting in a gorge whose sides 

have steps. Such gorges tend to be wide at the top and narrow towards the bottom. This is 

Examples in Kenya are found below Chania Falls 

in Thika and Thompson’s falls in Nyahururu. 

Other examples are Batoka Gorge below Victoria 

Falls on river Zambezi and Tissisat Falls on the 

Blue Nile in Ethiopia.  
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common in limestone areas where greater vertical erosion is witnessed. Examples are 

Chebloch Gorge on River Kerio and along R. Ewaso Nyiro. 

Interlocking spurs. 

This is a snaking pattern produced by a river in its youthful stage as it twists around obstacles 

such as rocks and boulders.  

Interlocking spurs
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Transportation is the movement of earth material that has been eroded from the bedrock, in 

this case, by water. As particle size increases, so does the velocity needed to transport it.  

The size of the fragments that can be transported depends; 

a) The velocity of the stream and gradient. A fast flowing stream as greater transportation 

potential due to greater kinetic energy. Speed is determined by gradient. 

b) Volume of water. The larger the amount of water in a river, the greater the quantity of 

load that the river can carry. River transportation therefore is more effective during the 

rainy season. 

c) Nature and amount of load. Very small, light particles can be transported for a long 

distance as opposed to large heavier materials. Dissolved load may be carried all the 

way to the river mouth irrespective of other factors. 

The river flow is either laminar or turbulent.  

1. Laminar flow is one in which all water molecules travel along similar parallel paths. 

Average linear velocity is generally greater in laminar flow than in turbulent flow. 

Erosion forces undercut outward bends around the highland 

projections (spurs) if they are made of resistant rock. Due to 

more erosion of the outer banks causing the bends to be more 

pronounced, the spurs interlock each other.  
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2. Turbulent flow, in which individual particles take irregular paths. Turbulent flow can 

keep sediment in suspension longer than laminar flow and aids in erosion of the stream 

bottom. 

 

A river transports its load in the following four different ways; 

a) Suspension. This is the Movement of fine insoluble materials (silt and clay) floating in water. 

Such materials move to greater distances. 

b) Traction. This is the pushing and rolling of heavy particles along the bed by the force of 

water.  The materials are never lifted because of their weight. 

c) Saltation. This is a bouncing-like movement of particles that are suspended in the stream for 

a short distance (through hydraulic lift) after which they fall to the bed, dislodging other 

particles from the bed. The dislodged particles move downstream a short distance where 

they fall to the bed, again dislodging other particles upon impact.  

River load transported through the 3 above ways is known as clastic load 

d) Solution. This is the Movement of the load dissolved in water. Such load is moved to the 

farthest distance. 
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RIVER DEPOSITION 

A river deposits its load of eroded materials when it is unable to transport it. This may be due 

to the decrease in the river’s energy caused by the following factors; 

a) Gradient. A reduction in gradient may result in a reduction in velocity causing the river to 

drop some of its heavy load. 

b) Volume of water. The volume may reduce due to evaporation or infiltration into the 

underlying rocks. Reduced volume means reduced transport capacity leading to onset of 

deposition. 

c) Nature and amount of load. A river at one point may carry a larger load than it can transport. 

The heavier load will be dropped first. 

d) Obstacles in the stream channel. Objects such as rock boulders, a rock outcrop, tree trunks 

and swamp vegetation in the river course may create friction with flowing river water and 

thus set off deposition. 

e) Width of the river-bed. A wide river bed means the water spreads over a wider surface. This 

reduces the river’s capacity to transport. Deposition of excess load therefore starts. 

f) Freezing of river water. In cold lands, when water freezes, the load in transit is brought to 

standstill. During thawing, the load embedded in the frozen water starts to settle on the 

river-bed. 

g) Emptying into a calm water body. For example in a sea lake or swamp.. 

The deposited material is called alluvium. 

The features formed due to deposition are. 

1. Alluvial fans.  
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These are fan-shaped masses of accumulated material formed at the break of a slope where a 

river enters the main valley or plain from a constricted valley at a higher ground. The fans are 

made of silt, sand, gravel and some boulders 

Illustration of Alluvial fan 

30-Jun-15
slides for Quick revision - @Cheloti 

2013
11

Canyon 

Alluvial fan

Channel 

Mountain 

 

When alluvial deposits from streams initially occupying hanging valleys and have fallen 

abruptly to the flat trough-floor of a glaciated valley, pile up to develop a high angle of slope, 

they are referred to as alluvial cones. 

 

2. Floodplains  

This is the relatively flat alluvium area across which a river flows and over which it may 

spread during high flow periods. A flood plain is a product of both erosion and deposition by 

a meandering river. The erosion process removes the interlocking spurs reducing them into 

bluffs. As the meander migrates, the slip-off slopes or point-bar deposits merge to form 

continuous alluvial deposits on both sides of the channel. These alluvial deposits are often rich 

in nutrients and thus naturally fertilize floodplain soils.  

 
3. Meanders.  

A meander is a loop-like bend in a stream. The features are common during later stages due to 

the low gradient, though they can be seen along the entire length of the river. When a river 

meets obstacles, it tends to flow around them instead of cutting through them. 

Examples of flood plains include the Yala-Nzoia 

flood plain, the Kano plains formed by Nyando and 

Ombeyi rivers, and Tana in Kenya. Nile in Egypt, 

Ganges in India, Mississippi in North America and 

Rhine in Netherlands. 

Examples in Kenya include Ombei fan in Kano 

plains and at the confluence of Ewaso Nyiro and 

Ewaso Narok rivers in Laikipia County. When 

alluvial fans of two or more adjacent rivers 

coalesce, the form a continuous fan called a 

piedmont Alluvial Fan or Bajada.  
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As water flows into a meander it takes on a spiral flow which determines where erosion and 

deposition is concentrated.  Centrifugal force draws water toward the outside bank (cut bank) 

causing erosion.  

Sediment eroded from the outside bank is deposited on the inside bank and transported 

downstream. Gradually, a steep river cliff/bluff is formed on the outer bank, making it 

concave in shape. On the inner bank, deposition of alluvial materials produces a gentle slip-off 

slope and the bank takes on a convex shape. 

A river meander 

 
4. Ox-bow Lakes. 

An oxbow lake is a crescent -shaped lake formed on a river when a meander has been cut 

through and abandoned. When a river meanders in very big loops, the outer bank is so rapidly 

eroded that the river cuts through the narrow neck of the meander. 

 
5. Braided channels. 

A braided channel is a wide and shallow channel consisting of a tangled network of diverging 

minor channels separated from each other by low sandbanks and islands of alluvium. The 

islands are called channel bars/eyots/aits/isles.  
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Factors that influence the formation of eyots. 

Meanders are common on the lower stages of rivers Yala, 

Sondu Miriu, Nzoia, Nyando, Tana, and Sabaki Galana 

in Kenya. Also on rivers Semliki in Uganda, Rufiji in 

Tanzania, Benue in Nigeria , Wilge in Orange Free State 

and Tigris-Euphrates in Iraq. 

During periods of high discharge, some of the islands could 

erode, but the sediment would be re-deposited as the 

discharge decreases, forming new islands or submerged bars. 

Islands may become resistant to erosion if they become 

inhabited by vegetation. 

The river then flows straight through the channel.  When deposition seals off the cut-off from the river 

channel, an oxbow lake is formed. It may silt up and eventually dry up.  The remnants of the oxbow are 

identified as a meander scar.  Wetland and marshes are often found in the scar.  

Examples of Ox-bow lakes are Kanyaboli on river Yala and Shalu, Shakababo and Gambi on river Tana 
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a) Reduction in volume of water especially during the dry season. 

b) Increased evaporation where a river passes through an arid area. 

c) Reduced gradient of the river leading to reduced river energy. 

d) A river must be carrying a large load. 

e) Presence of obstacles like rock outcrops which may cause the river to be subdivided into 

various channels. 

Braided channels are common in the lower courses of rivers Nzoia, Yala, Sondu and Nyando 

in Kenya. Also on rivers Rufiji, Omo and Congo River. They are also found on the White Nile 

between Malakal and Khartoum in Sudan. 

6. Natural levees and raised river beds. 

A natural levee is a narrow ridge of alluvium deposited at the side of the channel. During high 

discharge periods when the stream floods, coarse sediment settles out near the stream 

channel(eventually building up a natural levee.) and grades to finer material further away. 

                   

 

 Cross section of a natural levee.  

 

Due to the formation of raised river beds and natural levees, the following will occur; 

a) Formation of Deferred tributaries and deferred confluences. The raised river beds and banks bar 

the tributaries from joining the river until a later stage. The tributary therefore flows 

parallel to the main river until where there is a break in the river bank where it can join the 

main stream. These tributaries flowing parallel to the main stream are called deferred 

tributaries. The point at which the deferred tributary joins the main stream is called a 

deferred confluence or deferred junction. 

Natural levees provide some protection from flooding 

because with each flood the levee is built higher and 

discharge must be higher for the next flood to occur 
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b) Occurrence of Destructive flooding. Since the river is now flowing at a level generally  raised 

above the level of the flood plain, if such a river bursts through the levees during flooding, 

it can be very destructive especially where the plains are settled 

What causes flooding? 

~ The river bed and the channel have been elevated above the general level of the 

plain. 

~ The river channel has become narrower and shallower due to the deposition of 

alluvium. 

~ The differed tributaries created by the deposition may also flood. 

Rivers Hwang Ho, Yang tse-Kiang, Mississippi and Omo experience regular flooding. 

7. Deltas  

Deltas are deposits of alluvial (soil or sediment) material at the mouth of streams or rivers. 

They are called deltas because their shape resembled that of the letter ‚Delta‛ Δ in the Greek 

alphabet. The river may have to branch into smaller distributaries to carry the water to the sea. 

Those formed where a river enters the sea or oceans are called marine deltas. The ones formed 

when a river enters a lake are called Lucustrine deltas. 

The process of Delta formation. 

As the velocity of a stream decreases on entering the senile stage and near the mouth, the 

stream becomes choked with sediment, and it breaks into many smaller streams called 

distributaries. This causes deposition of the heavier load immediately the river enters the sea.  

The distributaries further help in spreading the river deposits to build a delta. Lagoons and 

marshes, separated by mud-banks, replace the open sea as the delta grows seawards, aided by 
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marsh vegetation and blown sand.  

Conditions necessary for delta formation. 

a) The river must have a larger load of sediments. It should therefore have a large catchment 

area where erosion is active. 

b) There should not be obstacles like lakes or swamps in the river’s course which will siphon 

off the load thus reducing the quantity of sediments. 

c) The river should be flowing slowly on entering the sea. A high velocity river tends to wash 

its sediments far out into the sea. 

d) The river’s load should be deposited faster than it can be removed by currents and tides/ 

Sheltered coast with weak tides and currents 

e) Shallow sea at the river mouth 

Important points to note; 

~ Deltas can also form on shores of highly tidal seas. For example on rivers Colorado (Gulf of 

California), Frazer (British Columbia) and the Rhine (North Sea). 

~ Any river irrespective of its stage of development can build a delta. E.g. the Kander River, 

whose valley is in its youthful stage, has built a delta in Lake Thun (Switzerland). 

 Types of deltas  

a) Arcuate delta/fan-shaped   

This is triangular in shape and has a bow front, representing the true form of a delta. It forms 

where off-shore currents are strong enough. They occur where the waves have moderate 

energy and so can realign the river's sediments. 

Diagram 

 
b) Bird's foot delta  

This has a digital or prolonged form. It owes its origin to excessive amounts of silt being 

brought down and building natural levees along channel edges or even blocking the channel. 

The river flows into the sea or lake through distributaries which form a bird’s foot shape. It 

forms at the river mouths with few tides, currents and waves to disturb the silt 

E.g. Niger and Nile Delta. Distributaries can visibly be 

seen. In Kenya, examples are found on river Tana, Yala 

and Sondu. 
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c) Estuarine deltas. 

This is a type formed where infilling of an estuary occurs but the delta front does not extend 

beyond the general line of the coast.  

Diagram 
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d) Cuspate (tooth-shaped) delta  

Usually has one distributary emptying into a flat coastline with wave action hitting it head-on. 

This tends to push the sediment back on both sides of the mouth, with a "tooth" growing out 

onto the shelf. 
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e) Inland deltas  

These are formed in places where the velocity of a river is checked on entering a relatively flat 

land especially a swampy area. During floods, the river builds up levees and eventually 

distributaries develop.  

Alluvial deposits are spread over vast areas. For example, the Niger delta in Mali and the 

Okavango delta in Botswana 

E.g. Mississippi Delta. In Kenya, river Nyando, Ombeyi, Miriu in 

Kano plains. Nzoia in Busia, River Malewa on the shores of Lake 

Naivasha. River Omo on Lake Turkana. 

E.g., Seine River of France, the Rhine delta. In 

Africa, examples include Betsiboka delta in 

Malagasy, Zambezi and Volta deltas. 

E.g. Tiber River delta of Italy.  Cuspate deltas have streams flowing 

into coastal lagoons. They form where the waters of the stream enter the 

lagoon and the sediments carried by the stream are deposited. 
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RIVER CAPTURE AND REJUVENATION. 

RIVER CAPTURE. 

Stream Piracy or stream capture is the natural diversion of the headwater of one stream into 

the channel of another stream having greater erosional activity.  

A beheaded stream refers to the lower part of a stream whose headwaters have been captured by 

another stream. The tributaries of the more powerful river push back their source by 

Headward erosion, and if their base level is lower, the headwaters of the adjoining system are 

captured. 
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At the point of capture, the marked bend is known as the elbow of capture.  

The river that has lost its headwaters is known as the misfit or underfit stream.  

The section between the new source and the point of capture is called a drygap or a windgap. 

After capture, the pirate river will be flooded and also becomes more rejuvenated. 

The following conditions must prevail for river capture to take place: 

a) The Pirate River or consequent stream and the victim stream must flow in adjacent 

valleys. 

b) The pirate river should be flowing over rocks that are easy to erode than its neighbour. 

c) The pirate river should have more active head-ward erosion than the neighbouring river. 

d) The pirate river ought to be flowing at a lower level. 

The evidence of river capture can be summarized as follows. 

a) A sudden change in direction or right-angled bend, known as an elbow of capture. 

b) Marked differences in the valley shapes (cross section) above and below point of capture. 

c) Dry gaps, linking the valley of one stream to another, indicating the old courses of 

captured stream. 

d) River misfits, i.e. rivers too small for their existing valleys. 

e) Short reversed streams leading from the windgap to the point of capture may occur if the 

capture has long been established. 
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Examples of river capture. 

a) In Tsavo East, the former tributary of river Galana (Athi) has been captured by river Tiva 

at a point north of Wathuni in Kitui County, Channeling the waters into River Tana.  

b) In western Kenya, river Sondu was captured by river Miriu, from river Asaw in Nyakach, 

leaving a wind gap at the present Sondu market. 

c) The capture of the upper Doubs from the Rhine and the capture of the former upper 

Meuse by the Moselle near Toul in Europe. 

RIVER REJUVENATION. 

This is a renewal or revival of a river’s erosive activity it occurs at any stage of the river due to 

the following reasons; 

1) Change in base level, occurring as a fall in sea level, a regional uplift or unequal regional 

subsidence of land. Such rejuvenation is referred to as dynamic rejuvenation. 

2) Increase in the river’s discharge caused by increased precipitation or due to river capture. 

This rejuvenation is called static rejuvenation. 

3) A change in rock resistance i.e. from a resistant rock bed to a less resistant rock bed. 

Landforms formed due to river rejuvenation. 

The features include; 

 

a) River terraces 

When a river renews its down-cutting it sinks its new channel into the former flood-plain, 

leaving the latter well above present river level, so the remnants form terraces on either side. If 

renewed rejuvenation takes place, the process is repeated, and a second pair of terraces, at a 

lower level than the first, will remain. The terraces can be paired or unpaired. 

Terraces can be seen on the Rhine in eastern France, the Thames in the London basin 

b) Incised meanders 

If down-cutting is potent, the channel may be deeply incised into both the alluvium and the 

solid rock to form incised meanders. These are due to the stream cutting deeply into the land 

surface while preserving its original meander pattern. Vertical erosion may have been 

resuscitated by uplift of land 

If down-cutting is potent, the channel may be deeply incised into both the alluvium and the 

solid rock to form incised meanders. These are due to the stream cutting deeply into the land 

surface while preserving its original meander pattern. Vertical erosion may have been 

resuscitated by uplift of land. 

They exist in two types; 
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a. Entrenched incised meanders. 

These form where quick uplift takes place, and where the rocks are relatively soft causing 

vertical erosion to proceed at a rapid pace. This causes the meanders to become 

entrenched between the steep-sided, symmetrical slopes. The meanders have steep 

profiles on both sides of the valley. 

Examples are found on river Mara and Kuja. 

b. Ingrown incised meanders. 

These are deeply cut meanders with asymmetrical valley profile. One valley side is steeper 

while the other is gentle. They are formed where uplift is only slight and gradual and 

where the rocks of the valley are resistant. The enclosing slopes of the ingrown meanders 

are wider and more open with spurs and slip-off slopes projecting into the valley loops. 

Examples are found on river Mwachi, Cha Simba and Kombeni. 

c. Abandonee incised meanders. 

These are meanders formed by rejuvenation along the flood plain during the formation of 

Ox-bow lakes.  The river cuts off a new channel leaving the adjacent spur to form an 

isolated hill known as a meander scar. Abandoned meanders form minor and short 

tributaries. 

Examples can be found in the Kano plains. 

c) Incised meander terraces. 

These are a series of terraces, not regularly paired, and formed in the lower part of a flood 

plain, where meanders are swinging freely but where the river is still to some extent down-

cutting. This is common where masses of hard rock are exposed in the valley floor, thus 

checking lateral erosion and preserving the higher terraces. As the meanders move 

downstream, swinging from side to side, they erode part of a higher level and leave it as a 

terrace. 

d) Rejuvenation gorges 

A gorge is a small incised deep and steep valley within a major river valley.  

Gorges resulting from rejuvenation can form as a result of; 

a. Antecedence. As the land is uplifting, the river downcuts to maintain its course on a 

changing landscape. The result is a deepened river valley called a gorge.  

 Examples; Oleolondo Gorge found on Rivers Malewa, Turasha gorge on Turasha and 

Gilgil. The three rivers, flowing into Naivasha Lake, formed when Kinangop plateau was 

uplifting. 

b. Climate change. When a river originating in an area of high rainfall abruptly enters into an 
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arid area, the eroding power of the river may go down due to lack of enough water. If the 

river maintains a high volume of water, it will cut down rapidly to form a large gorge. 

Such gorges in arid areas are called canyons. 

Examples are found at the source of River Ewaso Narok and Ewaso Nyiro above 

Barsalinga, and Chebloch Gorge on river Kerio.  

8. Knick points. 

This is a point where there is a sudden break of slope in the long profile of a river. If the land is 

made of rocks of uniform resistance, knick points may be suggestive of river rejuvenation.  
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DRAINAGE PATTERNS 

A drainage pattern is the layout or pattern made by a river and its tributaries on the landscape. 

This is controlled mainly by the rock structure and nature of the slope. 

Drainage patterns can fall into one of several categories, depending on the topography and 

geology of the land: 

a. Dendritic drainage pattern.  

In a Dendritic system, there are many contributing streams (analogous to the twigs of a tree), 

which are then joined together into the tributaries of the main river (the branches and the 

trunk of the tree, respectively).  

 

They develop where the river channel follows the slope of the terrain. 

The tributaries join the main river at acute angles and resemble the 

branches of a tree. 

Most rivers in Kenya at the upper course have thus type of drainage. 

E.g. River Athi, Tana, Nzoia, Yala, Ewaso Nyiro and Sondu. 
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b) Trellis drainage system 

In this pattern, tributaries enter the main river at approximately 90 degree/right angles, 

causing a trellised or rectilinear appearance of the drainage system. They develop in an area 

where the rocks are made up of alternate bands of resistant and less resistant rocks, dipping in 

the same direction and lying at right angles to the main river valley.  Tributaries flow along the 

less resistant rocks and join the river at right angles 

Trellis pattern. 

 
c) Radial drainage system 

In a radial drainage system the streams radiate outwards from a central high point. Volcanoes 

usually display excellent radial drainage.  
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d) Centripetal drainage pattern. 

The centripetal drainage pattern is just the opposite of the radial as streams flow toward a 

central depression. The river is guided by the slope which dips towards the depression. For 

example, the rivers flowing into Rift Valley Lakes like Turkana, Baringo Bogoria and Nakuru. 

e) Parallel drainage system 

A parallel drainage system is a pattern in which the rivers and their tributaries virtually flow 

parallel to one another. Because of the steep slopes, the streams are swift and straight, with 

In Kenya, examples are found on the floor of the rift valley (rivers joining 

River Kerio between Chebloch Gorge and Amaler- distributaries like Yeptos 

and Kinyach join at right angles.), on river Galana between Lugard’s falls 

and Koita, On river Tana. 

Trellis drainage is characteristic of folded mountains, such as the 

Appalachian Mountains in North America. 

The pattern is controlled by the slope of the mountain. 

Examples are found on Mount Kenya, Elgon and 

Kilimanjaro. 
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very few tributaries, and all flow in the same direction.  

 
f) Fault-guided drainage pattern. 

Developing in faulted areas, the rivers flow down along the fault lines since they are relatively 

weak and can easily be eroded.  

The pattern that develops is determined by the pattern of the fault lines. 

 Examples are found in the rift valley. E.g. Kerio River is fault guided towards Lake Turkana 

by Keiyo fault. River Ewaso Nyiro is guided into Lake Natron by Ngurumani fault. 

g) . Deranged Drainage Pattern  

Deranged or contorted patterns develop from the disruption of a pre-existing drainage 

pattern. 

 
h) Rectangular Drainage Pattern  

The rectangular drainage pattern is found in regions that have undergone faulting.  

 
DRAINAGE SYSTEMS. 

A drainage system is the pattern formed by the streams, rivers, and lakes in a particular 

This system forms on uniformly sloping surfaces, for example, 

rivers flowing southeast from the Aberdare Mountains in Kenya. 

(The tributaries of Tana and Athi on the eastern side (dipslope) of 

Nyandarua range.) 

Streams follow the path of least resistance and thus are concentrated in places were 

exposed rock is the weakest. 

 Movement of the surface due to faulting off-sets the direction of the stream.  

As a result, the tributary streams make shape bends and enter the main stream at high 

angles.  

For example, the above drainage began as a dendritic pattern but was 

altered when overrun by glacier.  

After receding, the glacier left behind fine grain materials that form 

wetlands and deposits that dammed the stream to impound a small 

lake.  

The tributary streams appear significantly more contorted than they 

were prior to glaciation 
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drainage basin. They are governed by the topography of the land, whether a particular region 

is dominated by hard or soft rocks, and the gradient of the land. 

This refers to the flow of water in valleys in relation to the nature of the underlying rock.  

There are three main types  

a) Accordant drainage  

Also known as consequent drainage. Or correlated with the structure and relief over which 

they flow 

This is a system depicting a systematic relationship between rock-type and structure on one 

hand and the surface drainage pattern on the other. The river flows in accordance with 

rock structure and slope. 

b) Discordant drainage system. 

This is a system where the drainage cuts across the general line of the structure of the 

country rock and reveals no relationship with the structure.  

They exist in two main types; 

1. Antecedent drainage. Antecedent streams flowed across bedrock structures prior to 

uplift.  

Slow mountain building permitted stream erosion to keep pace with uplift. 
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 The river now becomes contained in a valley with apparently no relation to the present 

structure.  

Such appears to be the case for the Columbia River that cuts across the Cascade Mountains. 

Another example is the Rhine gorge. 

2.  Superimposed drainage system/super-induced /epigenetic drainage. This is a river system 

that developed on surface rocks that were later removed through denudation. 

The river maintained its direction over the complex exposed older rocks, crossing 

different outcrops at all angles. Such rivers are younger than the rocks they are crossing. 
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Examples include the rivers and valleys of English Lake District. Also,  rivers in South Africa 

in the Transvaal province. 

c) Back-tilted drainage system/reversed drainage system. 

It occurs as a result of either major river capture or large scale diversion of the river direction. 

The diversion may be due to an uplift or downwarp.  

For example, before Yatta plateau was formed, rivers like Kiboko, Ikiwe and Keite used to be 

the headwaters of the present day under-fit River Thua. The rivers had their direction reversed 

to river Athi. 

Significance of rivers. 

a) Dams may be built across gorges to control flooding in the lower course of the river and to 

store water in a reservoir. The stored water can be used for irrigation and for the 

generation of hydro-electric power (HEP) 

b) Waterfalls can be harnessed for generation of HEP. They are also a tourist attraction 

c) Slip-off slopes, floodplains and deltas favour cultivation and grazing because of their 

fertile alluvial deposits 

e) Rivers provide people with water for domestic uses, industrial use and irrigation purposes 

f) Rivers provide a cheap mean of transport 

PROBLEMS 

a) Waterfalls and rapids make navigation along the river dangerous and difficult. 

b) In the lower course, a river sometimes overflows and floods surrounding areas, destroying 

crops and settlements 

c) Silting in the lower course causes problems of drainage and navigation. 
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OCEANS SEAS AND THEIR COASTS.

DEFINITIONS

Oceans; It is vast body of saline water occupying a basin between continents.e.g Indian, Atlantic, pacific, 
southern and arctic oceans.

Sea; It is a large body of saline water on the margins of continents.e.g Arabian, Caribbean china and north 
seas

Or it is a large saline water body that is surrounded by landmasses or continents. (Land locked seas) e.g. 
Caspian, Aral and dead seas.

Coasts; This is a strip of land bordering the sea.

Coastline; This is a line where the highest storm waves reach the land.

Shore; This is an area of land that lies between the lowest low water tide and the highest point reached by 
storm waves.

Shore line; This is the line where the shore and water meets.

Beach.This is the accumulated material comprising of shingles and /or sand lying on the shore.

Oceanography; It is the study of oceans and their waters.

Coasts / coastal zone; The terms "coast" and "coastal zone" refer to a relatively narrow band of Earth's 
surface where land meets ocean, which generally follows an ocean shoreline.

Coastal system; The term "coastal system" refers to the varied and complex interactions that take place at 
the land-ocean interface, and to the constant cycling of energy and material from one component of a coastal 
system to another in this dynamic environment.

Continental shelf. It is a fairly smooth, sloping submerged plain between 120-160kms wide and reaching a 
depth of 180 metres in the ocean

 

COMPARISON BETWEEN OCEANS AND SEAS  

 Similarities 

1. Both have salty waters. 

2. Both are in constant motion due to waves the waves are however stronger in oceans due to 

a large fetch. 

       Differences 

 

 

        

 

 

 

Types of seas, their characteristics and location 

TYPES EXAMPLES LOCATION 

Inland seas/landlocked seas 

They at one time had a direct link to the oceans. But 

due to the drifting of tectonic plates, they became 

landlocked. 

Caspian  

Aral  

Dead, Galilee sea 

Salton sea 

Between Europe and Asia. 

West of Kazakhstan. 

In the middle east rift valley.( the smallest seas ) 

In California state, south east of los Angeles USA. 

Inland seas 

 With connection to oceans via straits. 

Mediterranean sea 

Red sea. 

Baltic sea 

Black sea. 

Connected to Atlantic ocean by strait of Gibraltar. 

Connected to Indian ocean by strait of bab-al mandab 

Connected to Mediterranean sea by strait of Ionian sea. 

Connected to Mediterranean sea by straits of Dardanelles and 

                             Seas 

1. Other than marginal seas which bound continents, the rest are 

surrounded by land. 

2. No coral formation regardless of whether sunlit or not. 

3. Tides only affect marginal seas and other types are not affected. 

4. Ocean currents only affect marginal seas. The rest have well 

developed sea and land breezes. 

5. The less strong winds cause whirl winds and water spouts 

which are less violent. 

                      Oceans 

1. They are large extensive body of saline water 

surrounding vast landmasses or continents. 

2. Corals form on the sunlit eastern coasts. 

3. They are affected by tides. 

4. They have strong ocean currents.  

 

5. They have strong winds due to wide fetch which 

cause hurricanes/tornadoes. 
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NATURE OF OCEANS  

1. OCEAN WATER SALINITY. 

Salinity is the degree of saltiness of water. The most important salts present in ocean water are 

sodium chloride (78%), magnesium chloride (11%), and sodium sulphate (5%). The isopleths of 

salinity are known as isohalines 

Sources of mineral salts in oceans. 

a) The salts that accumulated on the geologically young earth. 

b) The salts contributed by rivers as they emptied their waters in the oceans each year. 

c) The ocean bedrock also contain salts , which are continuously dissolved by ocean water 

d) Contribution by volcanicity on the ocean floor.  

However surface salinity in oceans varies slightly in various oceans due to the following; 

a. Temperature, responsible for evaporation and therefore concentration of salts.  

b. The supplies of fresh water by rivers, rainfall and melting ice therefore causing dilution. 

c. mixing by ocean currents, reducing salinity in one place and increasing in another. 

Equatorial areas have lower salinity (35‰) than the tropics (37‰) because in the equatorial 

areas, rainfall is heavier causing greater dilution. Evaporation is less due to higher relative 

humidity and greater cloudiness. In the tropics, the skies are clear and there are constant high 

temperatures which maintain active evaporation. 

Bosporus and sea of Marmora and Aegean.  

Marginal seas 

Those that are part of the oceans, they border oceans  

Arabian sea 

Caribbean sea. 

North sea  

Labrador sea. 

The sea of Japan. 

On the margin of the Indian ocean. 

 

On the margin of Atlantic ocean 

 

On the western side of pacific ocean 
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Inland seas and lakes have a higher salinity than the open sea. E.g. lake Magadi in Kenya, the 

Great Salt Lake in Utah, (USA) has salinity of 220‰, the Dead Sea in Jordan with salinity of 

238‰, and Lake Van, in Asia Minor of 330‰. (Per mille). much water is removed by 

evaporation which is higher here. 

The Baltic Sea reveals decreasing salinity especially with increasing distance from the North 

Sea. This is because the sea receives fresh water from a number of large rivers such as Oder 

and Vistula and The large amounts of water from melting ice and snow which end up in the 

sea causes dilution. 

2. THE TEMPERATURE OF THE OCEAN WATERS 

The instrument used to record surface water temperature is known as a thermograph. The 

isopleths of temperature are known as isotherms. 

The temperature of ocean water is not uniform. there is gradual decrease in annual average 

temperature of the waters of the open ocean from 26°C at the equator to 1°C at latitude 60°  
• Changes in temperature of ocean water from the equator to the poles

• 90° 0°C

• 60° 1°C

• 40° 14°C

• 20° 23°C

• 0° 26°C                                                               

• 20° 23°C

• 40° 14°C

• 60° 1°C

• 90° 0°C These changes occur at the same rate in both hemispheres. 

The bottom the Mediterranean Sea is separated from that of Atlantic Ocean by a wall called a 

threshold. it rises from the sea bed to within 350 metres of the surface at the strait of Gibraltar 

The Gibraltar strait. 

Atlantic 

ocean

MEDITERRANEAN 

SEA

THRESHOLD

Sea level

 
OCEAN RELIEF/TOPOGRAPHY 

Ocean topography is composed of various features. e.g. 

Illustration ocean topography. 
Continent
al shelf

Continental 
slope

Ridge
Oceanic Island

Ocean deep

Deep Ocean Plain
Plateau

 
a) The continental shelf. a relatively flat part of the continent, which is covered by the ocean. 

Slopes gently seaward with an angle of less than a degree. Generally 120-160km in width, 

covered with water to up to 180m deep before abruptly dropping by the continental slope 

The threshold prevents the cold water at the bottom of the Atlantic Ocean from 

mixing with the waters of Mediterranean Sea.                   
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into deep water. 

b) The continental slope. At the edge of the shelf the seaward slope steepens considerably, 

forming the continental slope, which descends to about 3350m.  

c) The abyssal plain. It is the undulating deep-sea plain lying at a depth of between 3350- 

5500m.The plain is not entirely flat. Its surface is covered with various features like long 

curving ridges, extensive submarine plateaus, and volcanic peaks. 

d) Mid-ocean ridges and scarps. Formed through volcanic and seismic activities, they are found 

within ocean waters where they are submerged and with varied heights. Those formed 

through faulting in the sea beds are called sea scarps; for example, Murray Sea scarps in 

the Pacific Ocean bed. 

e) The deeps/deep-sea trenches. Narrow steep-sided submarine valleys on the oceans floor 

occurring where the ocean crust is destroyed and where the ocean plate melts by sliding 

under the mantle. E.g the Marianas Trench (deepest part of ocean-11000km), kurile, Tonga, 

Japan and Aleutian in pacific and south sandwich in Indian Ocean. 

f) The islands  Three types exist; 

1. Continental islands. Rise from the continental shelf. structurally similar to, the 

neighbouring continental landmass. e.g, Zanzibar, Pemba, Lamu and Mafia (EA), 

Malagasy, the Indonesian and Philippine islands, the British Isles and Newfoundland. 

2. Oceanic islands. They rise from the deep sea floor some being tops of sea volcanoes.  e.g, 

the canary and Cape Verde islands, Fiji and Hawaii islands in the pacific. Some are tops 

of the higher parts of ocean ridges e.g. Iceland, ascension, Azores, Tristan da cunha, 

Falkland (malvinas), sandwich and Seychelles islands. 

3. Coral islands. Exist both on the continental shelf and in deep seas. e.g, the islands of the 

Bermudas in the Atlantic, Aldabra and Maldives islands in the Indian Ocean. 

g) Guyots. Submerged atolls forming under-Water Mountains with a flat top.   

h) Sea mounts. Volcanic peaks which rise steeply from the Abyssal plain and which does not 

rise above the sea level. 

WATER MOVEMENT IN THE OCEAN 

movement of water takes place within the oceans, both vertically and horizontally 

VERTICAL MOVEMENTS 

The movement of ocean water from the surface to the bottom and from bottom to the surface is 

due mainly; 
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a) The differences in the density of sea water. This depends mainly both on its salinity and its 

temperature. I.e. as the temperature falls, the density rises. Density increases with 

increasing salinity. The increase of temperature reduces density. 

b) Convergence of ocean currents. Ocean currents have different densities. When they meet, 

they sink. Sinking water diverges at certain depths and then moves horizontally. The 

water eventually moves to the surface (upwelling) to replace the surface water that moves 

from there.  

Illustration of ocean water movement 

    

warm current Cold current

Rises.

Rises.

 
HORIZONTAL MOVEMENTS. 

Horizontal movement of ocean waters takes place in three ways namely Ocean currents, Tides 

and Waves. 

1. Ocean currents.  

This is the general movement of a mass of surface water in an ocean. Ocean currents are a 

product of several factors; 

a) Differences in ocean water temperatures. The cold polar waters, which are very dense, tend 

to move towards the equator along the ocean floor. 

b) Winds. The friction between the winds and surface water causes the water to move more 

or less in the direction of the wind, forming an ocean current. Such ocean currents are 

called Drift Currents. E.g. The North Atlantic Drift. 

c) Rotation of the earth. Besides affecting the direction of wind which influences currents, 

rotation of the earth tends to deflect the currents slightly obliquely. 

d) Shape of the landmasses. An ocean current flowing from the ocean towards a land mass 

changes direction and follows the outline of the coastline. Where an island exists next to a 

coast, a current flowing between the separating openings may increase velocity.  Such a 

current is known as a stream current. E.g. Florida current between Florida peninsula 

and Cuba which emerges as the Gulf Stream flowing northwards. 
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Ocean currents of the world

COLD CURRENTS                                         

1. Peruvian Current

2.    Benguela current

3.   South Atlantic current

4.  South pacific current

5. Labrador Current

6. Canaries current

7. Oyashio/ Kamchatka current

8. South Indian current

WARM CURRENTS                                         

A. North Pacific Current
B.    Gulf Stream current

C.   North Atlantic Drift

D. Brazil current

E.    Mozambique current

F Kuro Siwo/kuroshio current
G.  South Equatorial current.

1

2

6

7

5.

4

3 8

A

D

B

C

E

F

G

 

IMPORTANT NOTES ABOUT OCEAN CURRENTS; 

~ The Gulf Stream is one of the strongest major currents in the world; the moving mass of 

water is about 600m deep at a speed of 6kmph. 

~ Surface ocean currents form large circular patterns called gyres (a circulatory system that 

resembles a cell, one exists in each major ocean). Gyres flow clockwise in Northern 

Hemisphere oceans and anti-clockwise in SH because of the Coriolis Effect.  

~ The term ‚warm‛ and‚cold‛are applied to the various currents. A poleward –moving 

current is warm as compared with the surrounding ocean. Visa viz. 

2. Tides  

Tides are periodic rise and fall in the level of the sea. The difference in height between high 

and low tide is known as range. 

Tidal range

High tide

Low tide

Illustration of tidal range

 
Causes of tides. 

a) The influence of heavenly bodies; the moon and the sun. 

The two heavenly bodies each, exerts a gravitational effect on the earth’s surface. The sun’s 

mass is 26 million times than of the moon, but it is 380 times farther away, and its tide – 

producing effect on the earth is only 0.46 times that of the moon. The moon therefore exerts 

its gravitational pull on the earth causing tides as shown below; 

Illustration of the moon effect. 
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LT2

LT1

HT1HT2
Moon’s pull of gravity

MOONEARTH

 
b) Rotation of the earth. Parts of the earth affected by the moon in a lunar day experience two 

high tides. A lunar day implies the time that lapses between the two times the moon passes 

over any one meridian on the earth, a period of 24 hours and 52 minutes.  

During this period, most parts of the earth experience two high tides and two low tides; 

any high tide is thus about 52 mins later than the corresponding tide of the previous day.  

52min

M1

M2

Revolution of the moon 
round the earth

N1

Rotation

 
THE TIDE PRODUCING FORCES AND THE RESULTANT TYPES OF TIDES 

a) Spring Tides. When the moon, sun and earth are in the same line both in conjunction or in 

opposition, their attraction is complementary and so the highest high tides and the lowest 

low tides occur. This position is called Syzgy and is illustrated below.                                                                                                                                                                                                                                                                                                                                                                                                                       

Full

Moon New

Moon

EARTH

Sun

Gravitational 

forces

Moon’s orbit

ILLUSTRATION

                        
b) Neap Tides. When the three bodies are at right angles, with the earth at the apex, the tide 

producing forces are in opposition, and the tidal range is reduced.  

Half Moon

Half Moon

Gravitational 

forces

Moon’s orbit

SunEARTH

Explanation;

This happens twice in a lunar 

month, at half moons

The forces causing the tides to 

occur are weaker since the moon 

and the sun are each pulling the 

water on the earth to themselves.

The high tide will therefore be 

lower than normal while the low 

tide is higher than normal

This position is known as Quadrature as illustrated below

 
c) Perigean tides. Further variations in the tidal producing forces are produced by the 

position of the moon relative to the earth. When it is at its nearest point its tide –producing 

effect is more pronounced. This position is known as perigee. If perigean tides coincide 

with spring tides, very large tidal ranges occur. 

 The moon’s pull causes  the water close to it to bulge towards 

it(explains formation of HT1) 

 HT2 is formed because at then same time water is being pulled at 

HT1, the earth is also pulled towards the moon. Water on the 

opposite side piles up to form HT2. 

 While this is happening, the water on the sides (LT1 and LT2) is 

drawn away towards HT as shown causing low tides. 

 

Explanation; 

 This happens twice a month, at new moon when the moon lies between 

the sun and earth, and at full moon when the earth is lying between the 

two bodies. 

 The forces causing the tides to occur are strongest when the moon and 

the sun are pulling in the same plane. 

N1-Position of point N on day one 

M1-Position of the moon on day one 

M2- Position of the moon on day two 

The moon is traveling in its orbit in the direction as the earth is rotating. 

By the time a point of the earth goes back to the same position opposite the moon, the moon will have 

moved ahead, and the earth takes additional 52 minutes to catch up. Therefore the earth takes 24hrs 52 

minutes to make one complete rotation in relation to the moon.(lunar day)  
(Rotation of the earth brings any two points on the earth’s water surface under the influence of two high tides 

and two low tides during a lunar day.) 
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d) Apogean tides. When the moon is at its farthest distance, its tide producing effect is weaker. 

This position is known as Apogee. The Apogean tides re lower than usual at high tide. The 

tidal range is small. If these coincide with neap tides, the range is very small. 

3. WAVES 

WAVE ACTION AND THE RESULTANT FEATURES. 

Waves are ridges of moving water caused by oscillations of water particles which describe a 

circle as the wave passes. 

  

WAVE CREST
WAVE TROUGH Circular rotation of water particles

Wave heightWave length

Illustration of wave motion

Waves are created by the action of wind blowing over 
the surface of the sea. Wave energy depends on ;wind 
strength, wind duration (how long the wind is 
blowing) , water depth and  the fetch of the wave .
Fetch is the maximum distance of open sea a wave 
can travel over.
The highest part of a wave is the crest and the lowest 
point is the trough. 
The difference between crest and trough is the wave 
height. 
Wave length is the distance between one crest and 
another.  

Wave formation; 

The frictional drag exerted by surface of the sea on the bottom layer of wind blowing over it is 

transmitted into layers above and make the layers move at different speed. 

 The air tumbles forward in a circular motion.   

This motion causes the surface of the water to take the form of a wave. Water presses on the 

back of a wave and makes it steeper.. 

BEDROCK

Wave first 

touches  bottom

Deep 

water Bottom 

Of wave

motion

Zone of breaking 

wave (surf)

Returning water
Beach

Wave action as seen under the waves

UNDERTOW
When a wave approaches land, friction with the sea bed 

makes the base of the wave travel more slowly than the top 

of the wave. The top of the wave will eventually topple over, 

and the wave will break. 

When a wave breaks, water washes forward onto the sea-

shore. This part of the wave is called the swash or a send. 

The swash transfers energy up the beach. 

The water that returns down the beach is called the 

backwash. The backwash returns energy down the beach. 

The piling –up of water against the coast is 

counterbalanced by an undercurrent known as the 

undertow that flows near the bottom away from the shore

 

The effect of the swash and backwash is that materials carried by the waves are moved along 

the shore in a zigzag motion known as Longshore Drift. 

Two basic types of waves exist; Constructive wave  and Destructive wave 

Constructive waves 

This are waves that lead to deposition of the marine materials at the coast. etc. 

 
Destructive waves 

These are waves that lead to erosion (also known as stormy waves).  

These are gentler and have a more powerful forward push of the 

swash than the backwash.  They slowly move sand and other 

materials up the beach , and deposit them there to cause 

formation of features such as beaches , sandbars  

They are strong and tend to clean the beach of materials, carrying 

those materials seawards. However they are more effective on steep 

sloping coast. This varies according to the direction of wind, 

strength of tides and fetch. 
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Waves perform three main activities namely Erosion, Transportation and Deposition. 

WAVE EROSION. 

The erosive work of waves is fourfold; Hydraulic action, Corrosive action/corrasion, Solvent 

action/ solution and attrition 

1. Hydraulic action. Action of a mass of water causing removal of loose materials from the 

coastline.  It takes place in two ways; 

a) Direct shattering effect. When the wave breaks, a large amount of water literally falls 

onto the ground with a great pounding force. This may cause breaking of rock and 

removal of loose materials from the coastline. 

b) Compressed air action. Air present in joints is trapped and compressed by the pressure of 

incoming sea-water until its pressure is equivalent to that exerted by the wave.  Over a 

period of time, this increase in pressure weakens and breaks off the rock.  

2. Corrasion (abrasion). Sand, shingle and boulders, carried by the sea, rub against the 

surface of cliff and sea floor and wear it down. (The scratching process). 

3. Attrition. Rocks and pebbles in transit crash together, and particles become smaller and 

more rounded. It affects boulders and stones that have already been erode. 

4. Solution /Corrosion. It occurs when rocks e.g limestone rock,  are dissolved by sea water.  

The erosional features 

1. Cliffs, wave-cut notches, and wave-cut platforms  

Cliffs are steep rock faces along the coastline; they form along concordant coastlines with 

resistant rocks parallel to the coast.   

 
2. Caves, Blowholes and Geos 

Cliffs are formed by a number of processes, in particular the explosive 

energy released from waves crashing into their base, the result of 

which leads to undercutting and eventual collapse of the overlying 

rock. 

 Wave-Cut Notches are a rock recess at the foot of a sea cliff where the 

energy of water waves is concentrated.  

Wave Cut Platform is the narrow flat area, at the base of a sea cliff, 

caused by the continued action of the waves on the cliff causing retreat 

of the cliff line inlands.  The notch created through corrasion and 

hydraulic power then enlarges into a cave. The waves undermine this 

portion until the roof of the cave collapse, resulting in the cliff 

retreating landward. 

As the cliff retreats, a gently-sloping rocky platform is left at the base, 

this is known as a wave-cut platform which is exposed at low tide. 
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A Cave is a natural cylindrical horizontal hollow extending inland into a cliff or into the side 

of a headland.  

6-May-14
slides for Quick revision - @Cheloti 

2013
2

Cave

Sea Sea Sea

BLOW HOLE
GEO

Sometimes the waves 

break continuously on one 

spot. If there is some local 

weakness i.e. a spot of a 

less resistant rock , or a 

much jointed or faulted 

zone, marine erosion may 

result in  formation of a 

horizontal hollow known 

as a cave

Continuous wave action may 

develop the tunnel until it 

reappears on the land surface 

as a vertical pit, some metres 

away from the coast. 

This pit is termed a gloup or a 

blowhole

The name blowhole is derived 

from the spray occasionally 

thrown in the air up the hole by 

compressional force of a 

surging wave into the cave 

below.

When strong waves continue 

to break in the cave, they 

slowly erode the cave roof. 

The roof becomes weak and 

the collapse of a cave roof can 

produce a long narrow inlet 

called a geo or an inlet. 

The geo can be as long as 30 

metres.

DIAGRAMS; Formation of a Cave, Blowhole and Geo

Cave 

Cave

Sea Sea Sea

BLOW HOLE
GEO

Sometimes the waves 

break continuously on one 

spot. If there is some local 

weakness i.e. a spot of a 

less resistant rock , or a 

much jointed or faulted 

zone, marine erosion may 

result in  formation of a 

horizontal hollow known 

as a cave

Continuous wave action may 

develop the tunnel until it 

reappears on the land surface 

as a vertical pit, some metres 

away from the coast. 

This pit is termed a gloup or a 

blowhole

The name blowhole is derived 

from the spray occasionally 

thrown in the air up the hole by 

compressional force of a 

surging wave into the cave 

below.

When strong waves continue 

to break in the cave, they 

slowly erode the cave roof. 

The roof becomes weak and 

the collapse of a cave roof can 

produce a long narrow inlet 

called a geo or an inlet. 

The geo can be as long as 30 

metres.

DIAGRAMS; Formation of a Cave, Blowhole and Geo

 
A blowhole is a vertical pit formed where a cave reaches the surface some distance inland. 

 blowhole
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A Geo a long narrow inlet formed after the collapse of the roof of a cave. 

Geo 
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3. Bays and headlands 

Where the rocks making up the coast are 

of different resistance to erosion, sections 

of the soft rock will be eroded more by 

wave action than those of the resistant 

rock.

This results in development of sea inlets 

known as bays (at the point where the 

rock is softer.)

The resistant rock sticks out into the sea 

as a headland

Headland eroded by wave action. Note the wave refractions.

 

4. Sea arches, stacks and stumps. 

 
Blowhole  

Cliff  
Cave  
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Erosion of headland to form arch stack and stump.
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undercut it eventually collapses leaving 
an isolated stack

Stack is continually eroded 
eventually forming a stump
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e.g next  to the Vasco da Gama pillar at Malindi.  

WAVE TRANSPORTATION 

If a wave breaks obliquely on to the beach, the swash moves obliquely with material up the 

shore.  

 
Factors influencing transportation of materials along the coast. 

a) Wave energy. A strong wave carries large quantities of materials over a long distance. 

b) The influence of tides. When they rise, they extend the area under the influence of wave 

transport further up the beach. 

c) Ocean currents. Responsible for transit of materials from one part of the ocean to another. 

d) Gradient of the shore. Transportation of material by long shore drift is favoured on gentle slope. on 

steep shores, materials on transit merely bounce off the cliff and remain floating in water 

e) Orientation of the coastline. Longshore drift is favoured where the coast is aligned obliquely 

to the breaking waves. 

f)  Nature of the load. Heavy boulders cannot be transported but merely drop to seabed after 

breaking from the cliff. Lighter ones can be carried over long distance in suspension. 

Dissolved load remains in solution until the sea water evaporates where the weather is hot. 

The backwash runs back with the material, straight 

down the steepest slope/ at a right angle to the shore. A 

repeated swash/backwash action causes the material to 

advance obliquely across the beach. This is known as 

the Longshore Drift.  

It is normally depicted in the west-east movement of 

material along a south facing coast with waves from the 

southwest. 
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WAVE DEPOSITION  

Common in lowland coasts. Sequence of the deposition: boulders-pebbles-sand -mud. 

FACTORS INFLUENCING WAVE DEPOSITION; 

a) The energy and frequency of breaking waves. Where a breaking wave has a strong swash 

and a weak backwash, deposition is favoured. 

b) Gradient of the shore. A gentle gradient reduces backwash velocity and causes the wave 

to deposit the load. Steep coasts experience active erosion and a little deposition. 

c) Configuration of the coastline. Action of the Longshore Drift is halted when the coastline 

changes and turns inwards towards the land. Deposition then begins.  

d) Depth of the water. Where water is shallow, deposition of materials by waves take place. 

Features of coastal deposition. 

1. BEACHES AND BEACH –RIDGES. 

A beach refers to the accumulation of material (shingles /sand) between the low- tide line and 

the highest tide line. Common on lowland coasts due to constructive wave action. 

. 

 
Bay-head/Bay-beach or pocket beach.  

Beaches formed where land slopes gently into the sea or at the head of bays or coves existing 

between headlands. Wave action in a bay is usually weak. Materials therefore accumulate at 

the head of the bay to form a bay-head. E.g. Formosa Bay Beach to the North of Malindi 

The following small features form on the beaches 

a) Fulls; or beach ridges. Ridges that develop along the beach, parallel to the coastline. 

b) Swales or lows. Long, shallow depressions that separate the Fulls. when filled with water 

they form Runnels or Sea Pools 

c) Beach-cusps. A series of cone-shaped projections, separated by more or less rounded and 

evenly spaced depressions, occurring near high-water mark. The apexes point seaward. 

Result of powerful swash and backwash that approach the coast at or near right angles. 

The profile of a beach is usually concave. The 

landward side is backed by sand-dunes, succeeded 

by shingles, then by an area of sand and an area of 

mud on the seaward side. 
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Beach cusps 

Cusp

Cusp

Cusp
Cusp

Fine shingle

Coarse sand and 

shingle

land

sea

 

d) Berm. a ridge or platform with the steep front facing the sea. Made of shingle this has 

been thrown up to the beach by stormy waves. Develop where the tidal range is high. 

e) Beach rock shells. Composed of sand, shells and pebbles, which have been cemented 

together by calcium carbonate and projecting above the sand. 

2. SPITS. 

Low-lying narrow ridge of sand, shingles or pebbles with one end attached to the coast and 

the other end projecting into the sea.   

 
3. SAND BARS. 

Ridges of sand built up parallel to the shore or across inlets. They include; 

a) Offshore bars. a bar lying roughly parallel to the shoreline forming where the shores are 

gently sloping  and breakers to break long before they reach the coast.  

Salt marshes

coast

An offshore bar

Waves breaking 

Offshore

Lagoon

An off shore bar enclosed by a lagoon

 
 Break-point bar (types of offshore bars) form when material being drifted along the 

shore is deposited just inside the line where the incoming waves first break.  

 They may ultimately rise above sea level to enclose a lagoon.  

 Behind the bar, marshes and mud-flats. 

 Offshore bars are also known as barrier beaches.  

Once the cusp is initiated, it helps break up the swash and compel it 

to rush with a scouring swirling action into the depression on either 

side. This helps to emphasize the cusp. Coarse material is moved to 

either side of the depression, so building the cusp, leaving finer 

material on the floor of the depression. This is a minor feature of 

beaches formed wholly or largely of shingles 

The direction of the coast halts the movement of material 

by longshore drift. The material is then piled up there 

leading to the development of a spit. E.g. the spit at the 

mouth of river tana which has deferred the mouth as the 

river enters Indian Ocean.  

The curved nature of the tip of a spit is due to the effect 

of minor waves swinging around the tip as a result of 

friction with the spit. 
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 if  they remain without connection with the mainland, they are called barrier 

islands.  

 The areas of shallow waters enclosed by the barrier islands are known as sounds. 

b) Bay bars. If a spit continues to grow lengthwise, it may ultimately link two headlands or 

completely cross a bay or a sea inlet to form a bay bar. 

Bay bar

Lagoon

Bay Lagoons and marshes are 

usually impounded 

between the bar and the 

mainland

. 

4. TOMBOLO 

This is a bar which connects an erstwhile island to the mainland.     
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SEA

Mainland

Island

FORMATION;

A spit grows from the mainland into the 

sea and joins an island.

This forms a bar connecting the mainland 

and the island called a tombolo. 

When they are many they are called 

Tomboli.

Examples

Ras Hafun in Somalia, at Ngomeni to the 

North of Malindi on the Kenyan coast and 

Lumley beach of sierra Leone tombolo, 

west of Freetown 

 
Other Examples; Cape Verde island of Senegal is a former volcanic island which is now 

attached to the mainland by a tombolo.  

5. CUSPATE FORELANDS 

This is a cusp-shaped foreland/a broadly triangular shaped projection into the sea from the 

mainland and consisting of shingle/sand ridges with dunes backed by marshes 

Formation  

They seem to be either the result of convergence of two separate spits growing towards each 

other at an angle. 
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Mainland

River

Longshore driftSea

Spit

Spit

SPITS FORM ON BOTH SIDES OF THE MAINLAND

The growth of spits on both sides is 

due to changes in wind direction.

This influences the way in which 

waves approach the shore and 

therefore seasonal change in the 

effect of the Longshore drift.

It can also form where waves 

converge.

Mainland

Lagoon

Cuspate foreland The feature becomes wider as more 

material is added to form beach ridges.

Eventually the lows are filled in with 

river and/ or wind blown sand which 

accumulates to form dunes.

The enclosed lagoon slowly fills up with 

sediments to develop into a cuspate 

foreland

E.g. point larr’ee in Madagascar

SPITS MEET AND FORM CUSPATE FORELAND

 

Or The combined effect of two sets of powerful waves.  

6. MUDFLATS AND SALT MARSHES. 

These are platforms of mud existing either behind shingle bars and sand-bars, or in sheltered 

parts of estuaries and embayment. When colonized by vegetation, they become known as salt 

marshes 

They are formed when fine silt is deposited on the sheltered part of the foreland by rivers. 

They are also formed when tides deposit fine silt and sometimes river alluvium in sea inlets 

such as bays and estuaries located along gently sloping coasts. They are Common along the 

Kenyan coast where the mangroves and sea grass help to trap the silt. They are also common 

on the coast of Senegal, Angola, Madagascar and at the Niger delta. 

7. DUNE BELTS 

These are extensive sand beaches backed by sand dunes which are products of both wave 

action and wind action.  During the dry season and at low tide, strong winds pick up the 

exposed accumulation of sand that has dried up. The winds deposit and pile up the sand some 

distance out of reach of breaking waves on the landward side. 

They are common on coasts where winds are predominantly onshore and operating on a wide 

beach. They are also common along arid and semi arid coasts. They can be seen to the north of 

Malindi where they form hillocks. Some of the coastal tourist hotels in Kenya are on the dune 

belts. Grass and trees are sometimes planted to prevent the moving dunes from invading 

coastal settlements. 

 

CLASSIFICATION OF COASTS 

Coasts are zones of contact between land and sea or ocean.  

The guiding factors for classification of coasts are; 

1. Their character; whether they are high and cliffed or low, shelving coasts. (highland 

coasts and lowland coasts) 
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2. the impact of the changes in sea level  i.e. a rise leads to submerged coasts and a drop 

leads to emerged coasts 

The following factors generally influence the evolution of coasts; 

a) Waves and tidal currents. A coast dominated by wave erosion and large tidal range for 

example will be characterized by features of erosion. Tidal occurrence on the other hand 

has an influence on the area of the shore which can be affected by waves. A large tidal 

range means more surface area over which waves can operate. 

b) Nature of the coastal rocks. Where the rocks are resistant to wave erosion, a highland coast 

with cliffs will be formed. Where the rocks offer little resistance to erosion, waves will 

erode intensively forming sea inlets such as bays. 

c) The slope of the coast.  The steeper the coastal, the greater the effect of wave erosion. Where 

the coastal land slopes gently into the sea, wave deposition is dominant. 

d) Orientation of the coastline. Where the coast lies across the path of prevailing winds or 

obliquely (coast lies parallel to breaking waves) encourages more transportation and 

eventual deposition of material than erosion. 

e) Climate. Tropical regions for example favour evolution of coral coasts due the warm sea 

water. Past Cold climates favour development of fiord coasts. Climate also influences the 

weathering of coastal rocks making them Vulnerable to effective wave erosion. 

f) Changes in sea level. A rise in sea level leads to submergence of coastal features. On a 

highland coast, fiords, rias and straits will be formed. On a lowland coast, estuaries and 

broader continental shelves will be formed. A fall in sea level exposes coral reefs, beaches 

and old caves and cliffs 

g) Human activities. Construction of canals and artificial harbours which will alter the 

appearance of a coast. 

Three broad categories of coasts exist. 

1. submerged coasts 

2. Emerged coasts  

3. Coral coasts 

1. SUBMERGED COASTS 

Part of the coastal land lies under sea water, may be due to changes in sea level in relation to 

the land. This change may be; 

a) Positive change in base level due to an increase in water (releasing of large quantities of melt 

water at the end of ice age) causing rise in sea level. Eustatic change. 
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b) Subsidence of coastal land due to local faulting causing coastal land and part of the sea floor 

to sink. Or ocean bed rising due to Isostatic adjustment causing subsidence of coastal 

land. 

There are two types of submerged coasts 

a) submerged highland coasts  

b) Submerged lowland coasts. 

Submerged highland coasts. 

Where a coast with land sloping steeply into the sea is submerged, certain features are 

drowned to produce islands and peninsulas or sea inlets indicating former valleys. 

The varieties of submerged highland coasts include;  

a) Rias and Fiords/fjords.  

b) Dalmatian/longitudinal/ regular coasts.  

c) Fiord coasts.  

RIA COASTLINES  

A RIA is a river valley which has been flooded by sea water due to submergence. They are 

funnel- shaped inlets, decreasing in depth and width as they run inland. (It is deeper seaward 

and shallower landward).  

Into the head of each, flows a stream originally responsible for the formation of the valley that 

is now drowned. The stream is now far too small when compared to the size of the inlet. 

A ria coast is produced when submergence affects an upland area where the hills and river 

valleys meet the coastline more or less at right angle. 
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Evolution of a ria coast
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R.pemba

Kilindini creek

Mombasa

Tudor creek

R. Kombeni

R. Mwachi

Mtwapa creek

Takaungu creek

Kilifi
Kilifi creek

R. Voi Malindi

Creeks along the Kenyan coast are 

examples of rias i.e. Kilindini, port 

Tudor, Mtwapa and Kilifi creeks

Occasionally the inter-valley divides 

project into the sea as headlands and 

isolated hills often surrounded by 

water to form island a good example 

is the area occupied by Kilindini

Harbour in Kenya.

 
Creeks along the Kenyan coast are examples of rias. E.g Kilindini, Port Tudor, Mtwapa and 

Kilifi.  

FIORD COASTLINES /FJORDS. 

Fiords are the lower parts of the drowned deep glacial troughs. They occur where high 

mountains lie very close to the sea.  

FORMATION 

An example of a RIA coast is the Kenyan coast shown 

below 
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During glaciation, the river valleys are widened and deepened by valley glaciers 

Illustration; 
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Fiord;      long profile,         cross section                       overhead view.

 

During the interglacial period, all melt waters ended up in the ocean thus raising its level. The 

glaciated valleys were drowned by the rising level. The seaward side is shallow since it is the 

point where the terminal moraine was deposited. Fiords have steep valleys and are deep. 

Fiords are common on the coast of Norway, British Columbia and Scotland. Sogne fiord in 

Norway is 114km long but less than 5km wide. 

LONGITUDINAL OR CONCORDANT COASTS. 

These lie approximately parallel to the great trend line of the land. They reflect the structural 

grain of the land. In a highland coast where the mountains are broadly parallel to the coast, 

considerable submergence may convert the outer ranges and hills into longitudinal lines of 

islands and long narrow peninsulas and the parallel valleys form long sounds. 

Development of a longitudinal coast 

 

 

Island

Peninsula

HIGHLANDS

Sound

 
 

2. SUBMERGED LOWLAND COASTS. 

ESTUARINE COASTS. When submergence of a low-lying area takes place, the results are 

usually extensive as slopes are gentle. River valleys are converted into broad, shallow estuaries 

that form good natural harbours. A maze of creeks and winding shallow inlets can be seen. 

Such a submerged lowland coast becomes the scene of marine deposition leading to the 

formation of offshore bars, spits, coastal lagoons, marshes, and broadened continental shelf.  

FJARDS. These are sea inlets resulting from the submergence of glaciated rocky lowlands. They 

consist of openings with parallel, gently sloping sides and numerous islands.  They are 

distinctly deeper than rias and frequently have thresholds like fiords. Fjards are common in 

13-May-14
slides for Quick revision - @Cheloti 

2013
4

All river valleys and the 
hills and ridges lie parallel 
to the coastline

The  river valleys  have been drowned to form  narrow 
sea inlets called sounds. The hills and ridges that were  
near the  sea now form islands or long narrow peninsula.

Before submergence After  submergence
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south-east coast of Sweden. 

EMERGED UPLAND COASTS 

This is a coast that has emerged from the sea after part of the land which was formerly under 

water becomes permanently exposed. This is caused by the change in sea level in relation to 

land as follows; 

a) Negative change in base level. This is the actual drop in sea level due to  

~ A reduction in sea water as a result of water being held in ice sheets and glaciers like it 

happened during the Quaternary period.  

~ Broadening of the ocean basin due to tectonic movement. 

b) Uplift of the coastal land. Tectonic movements may cause the coastal region to be displaced 

upwards thorough Isostatic recovery, faulting or folding, making the formerly submerged 

land to emerge from the water. 

 

3. EMERGED HIGHLAND COASTS 

They are characterized by old coastlines that reveal notches in the slope, backed by an old cliff, 

often with distinct caves, and fronted by a wave-cut platform covered with old beach material 

such as shingle and shell-banks. Most of the raised beaches are colonized by vegetation.  

Example of an emerged upland coast 
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Old cliff with caves

Wave-cut platform

New cliff

Wave-cut platformOld cliffs with 

caves

New cliffs

New beach

SEA

Old  beach

For example; Mama Ngina drive in Mombasa is a wave-cut platform. Oceanic 

hotel stands on a raised cliff which is a half a kilometer from the new cliff the two 

separated by mama Ngina drive.

Also senye beraku along the coast of Ghana, around the sierra Leone peninsula, 

the coast of Scotland and western side of Arabian coast of the red sea.  
Emerged lowland coasts. 

This is a coast where the coastal plain emerges gently without any change of slope into the 

continental shelf of which it was part of. The rocks of such a coast are now consolidated into 

sandstone, shale and limestone. 

Characteristics of an emerged lowland coast. 

a) A gently sloping coastal plain. This is formed due to the exposure of part of the 

continental shelf after a relative fall in sea level along a lowland coast. E.g the Vipingo sisal 

estate in Kikambala plains in Kilifi County. Some of the features that were formed on such 

a coast e.g. sand spits, bars and coral reefs are exposed. 
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b) There is rejuvenation of the rivers due to a fall in sea level leading to deepened river 

valleys at the coast. Knick points between the old river mouth and the new one. 

NB: the Kenyan coast around Mombasa shows evidence of both submergence and emergence.   

CORAL COASTS 

These coasts are composed mainly of organic material (coral rocks). 

A coral is a limestone rock made up of the skeletons of very tiny marine organisms, called 

coral polyps.  Conditions for polyps’ growth. 

1. Polyps cannot live if the temperature of the water falls below 20°C. They are therefore 

confined to the tropical and near tropical seas with temperatures of up to 29°C.  

2. Polyps cannot live for long out of water; they require submerged conditions though they 

may be exposed but for a short time at low tide. 

3. They cannot grow in depths exceeding 60m; they require shallow waters where sunlight 

penetrates. 

4. They need clear oxygenated water, with plentiful of supplies of microscopic life as food. 

They cannot live in silt –laden water as at the mouths of rivers. 

A mass of coral is called a reef. 

Nb; Food supplies are most plentiful on the seaward side of a growing reef, so that the coral 

tends to grow more rapidly seaward. The water is also cleaner than the shoreward end. 

Types of coral reefs  

Darwin divided reefs into three main types; fringing reefs, barrier reefs and atolls. 

1) Fringing reefs. 

They consist of uneven platform of coral attached to, and built out from, the coast with a 

shallow narrow lagoon between it and the mainland. This lagoon may disappear at low tide.  

Its seaward edge slopes steeply down into the deep water. 
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Shallow lagoon
Seaward slope is steep

SEA

Illustration of a Fringing reef

An example of a fringing reef is on the coast of Kenya 

and Tanzania  where the slip-off slope forms the 

breaking point for waves forming surfs (white forms ) 

lying parallel to the coastline.

The reef breaks down near to river mouths partly 

because the rivers reduces water salinity and also 

because river water is muddy.

Shallow lagoon

Seaward slope is 

steep

An example of a fringing reef is on the coast of kenya and Tanzania where the slip-off slope forms the 

breaking point for waves forming surfs lying parallel to the coast. The reef breaks down near river 

mouths partly because the rivers reduce water salinity and river water is muddy  
2) Barrier reefs.  

    

Width of several kilometres

Sediments overlying coral

Barrier reef

SEA
Deep water

Similar in formation to the fringing reef, barrier reef is 

separated from the mainland by a much deeper, wider 

lagoon. The base of the barrier from the sea surface may be 

deeper than 60m.

Examples ; off the east coast of Africa around mayotte 

islands in Comoros, along the south west coast of 

Madagascar between Morombe and tulear (the grand reef), 

the great barrier reef of Australia.

Barrier reef

  
 Barrier Reefs form further away from the coast and usually have a lagoon between it and an 
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Atoll 

Atoll Reefs are fringing or barrier reefs that formed around an island which then sank over 

time leaving only a circle of reefs around a lagoon.                                                                  

Coral reefs

Lagoon

sea

The circular shape of the atoll s is formed by fringing reefs that formed 

around an island which later sunk. This might account for the depth of 

the base which is beyond 60m limit.

Te gaps between the reefs were formed possibly due to the ancient 

mouths of rivers that flowed from the island. Or by strong waves that 

kept pounding that section of the reef thus preventing active building 

by polyps. 

Examples;

In mid oceans in west and central pacific e.g. around the pacific 

islands of Maldives where the name coral is native, cook, Gilbert, 

Ellice and Marshall. In the Indian Ocean is the Aldabara atoll which is 

700km off the coast, Astone, Cosmoledo and bird island Seychelles.

Atoll

                                                   
THE ORIGIN OF BARRIER REEFS AND ATOLLS. 

Several theories have been used to explain the origin of these reefs; for example; Darwin’s 

theory, Murray’s theory and Daly’s theory.  

a) DARWIN’S THEORY /THE SUBSIDENCE THEORY. 

Put forward by Darwin in 1842 and supported by W.M. Davis, the theory argued that the 

growth of fringing reefs, barrier reefs and atolls revolved around a slowly subsiding area. A 

fringing reef first grew around the coast of a volcano island. This was followed by a slow 

submergence of the island. The slowness of the sinking enabled coral-building to keep pace 

with subsidence.  

The fringing reef therefore developed into a barrier reef. Ultimately the inner island is wholly 

submerged, so forming the ring of coral called atoll. 
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island

1.    Fringing reef 

3.   ATOLL
Coral broken from the reef by waves is deposited 

inside the reef where it forms the floor of the lagoon

2.    Barrier reef 
Lagoon

Lagoon Atoll Atoll 

Lagoon

Diagram illustrating formation of fringing reef, barrier reef and atoll according to Darwin’s theory

An island with fringing reefs 

on its sides

The fringing reefs develop into 

barrier reefs as the island subsidesisland

1.    Fringing reef 

3.   ATOLL
Coral broken from the reef by waves is deposited 

inside the reef where it forms the floor of the lagoon

2.    Barrier reef 
Lagoon

Lagoon Atoll Atoll 

Lagoon

Diagram illustrating formation of fringing reef, barrier reef and atoll according to Darwin’s theory

 
b) MURRAY’S THEORY /THE SUBMARINE PLATFORM THEORY. 

This theory was proposed by sir john Murray in 1880. He argued that as fringing reef grows, 

pounded by the surf, masses of coral fragments gradually accumulate on the seaward side of 

the reef, washed there by waves and becoming cemented into a solid base for further growth 

of polyps. Meanwhile, in the inner side of the reef; corals are deprived of food and die 

dissolving in water to form a deeper lagoon. 

His idea of atoll formation is that the base of a reef consists of a submarine hill or plateau 

rising from the ocean floor to within a depth of 55m of the surface. This platform consists of 

sub-surface volcanic peaks, wave worn stumps or accumulation of various pelagic deposits. 

c) DALY’S THEORY. / THE GLACIAL CONTROL THEORY  

3)  
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Advanced by R.A. Daly, it explains reefs in terms of changes in sea level (lowering) as a result of 

large volumes of water being locked up in the ice sheets. When the sea level was at its lowest, 

68 or 80m below present level, oceanic coral islands gradually had their summits planed off by 

wave action.  

Later, as ice sheets melted, the sea level rose and also as the waters became warmer, corals 

began to re-colonize the newly-cut platforms keeping pace upwards with the rising sea level. 
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Weaknesse

s of the theories on coral reef formation. 

1. Darwin’s hypothesis requires widespread subsidence which cannot be clearly 

substantiated. 

2. Murray’s antecedent platform theory has two weaknesses; 

~ It demands the occurrence of large numbers of underwater platforms at the required 

height for reef formation.  

~ It is  not possible to have pelagic accumulation and wave erosion at the same time. 

Significance of oceans, coasts and coastal features. 

1. Influence on climate. The water cycle is greatly influenced by ocean waters (contribute 

greater quantities of water vapour into the atmosphere). Many regions bordering the sea 

have had their climates modified. Seaward facing slopes come under the influence of 

onshore winds leading to heavy rainfall. E.g the highland of the British Columbia on 

western side of Canada. 

2. Water transportation. This is the cheapest means of transport for bulky goods. Sea inlets and 

estuaries allow movement of ships inland during high tides across sand bars and low coral 

reefs. 

3. Tourism. Oceans provide a variety of recreational facilities. The beaches, cliffs, stacks and 

caves form tourist attractions. 

4. Fishing. The sheltered waters of the fjords provide a Favourable breeding ground for fish. 

for example , the fiords of British Columbia in Canada. 

5. Minerals and building materials. Raised coral reefs are a source of coral limestone which is 

used for manufacturing cement. For example, bamburi in Mombasa. 
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GLACIATION  
Definitions 
Glaciation is the action of moving ice eroding, transporting and depositing material on the earth’s surface.  

Ice is the solid water formed by compaction of snow.  

Snow is a type of precipitation consisting of a multitude of snowflakes that fall from clouds. The process of 

precipitating snow is called snowfall.  The lower limit of the area in which snow falls is called a snowline.  

The process of ice formation starts with Accumulation of snow as a form of precipitation. As snow accumulates, 

the lower layers are compressed into harder masses than the upper layers due to increased weight. As snow 

accumulates and gets thicker, sublimation transforms the snow to water vapor. The pressure of its weight 

changes the vapor to harder ice granules called firn (in Germany) or neve (in French).  More accumulation allows 

for compaction. Due to increased pressure, the ice granules melts and releases water that refreezes and cements 

ice granules together into glacial ice.  

A glacier is a large body of ice of limited width, which moves outwards from a central area of ice accumulation. 

Since glaciers are commonly found in highland areas, they are reffered to as Alpine, valley or mountain glaciers.  

The glaciers that occupy depressions along the mountain slopes are called cirque glaciers.  

When valley glaciers converge into a continuous mass at the foot of a mountain, they form piedmont glaciers 

(piedmont glacier means a glacier at the foot of a mountain).  

An ice sheet is a mass of glacier ice that covers vast areas of lowland. It is also known as continental glacier.  

 A Nunatak is an isolated hill projecting prominently above the general surface of the ice.  

 An iceberg is a large piece of ice that has broken off from a glacier and is floating in open water. 

 An ice cap is an ice mass that covers limited areas of plateaus or high mountain tops.  

Ice Ages  
Ice Ages are intervals of time when large areas of the surface of the earth are covered with ice sheets (large 

continental glaciers).  They are also known as glacial periods.  

There have been four major glaciation periods called Ice Ages.  

1. Pre-Cambrian (5000 million years ago) the period affected central and southern Africa including Congo, 

Angola and Zambia. 

2. Ordovician (500 million years ago) it affected North Africa including the Sahara region. 

3. Carboniferous – Permian (350-280 million years ago) the ice age affected central and southern Africa 

including Congo, Zambia and South Africa. 

4. Pleistocene (1 Million year Ago). This is the most recent glacial period- the last ice age. It affected the 

highlands of Ethiopia and East Africa and the Atlas Mountains 

Permanent ice exists on mounts Kenya, Ruwenzori and Kilimanjaro.  

Ice Motion.  
Ice is not static. When it reaches a thickness of about 50 meters, it begins to flow or advance through a 

combination of plastic flow, extrusion flow and basal slip.  

a) Plastic flow; Ice flows like a viscous liquid. On the bottom, side and central layers of an ice mass, under 

pressure, some melting occurs. The melting initiates slight movement of the ice particles downhill before they 

freeze again.  The freeze-thaw cycle cause the ice mass to move downslope. 
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Illustration of ice movement. 

 
b) Basal slip In this process, the glacier slides over the terrain on which it sits, lubricated by the presence of 

liquid water. Liquid water results when the weight of the ice causes the layers in contact with the rock 

beneath to melt slightly.  

c) Extrusion flow; this one tries to explain the movement of ice sheets in lowlands with very slight gradients. Ice 

accumulates to such vast thickness that it moves as a result of its own weight by extrusion (spreading out to 

where there is less pressure) 

The average rate of movement of continental glaciers is a few centimeters to a few meters (50m) per day.  

Factors that influence ice movement. 

a) Gradient of the land. Ice moves faster on steep slopes than on gentle slopes. This is because the effect of gravity 

is greater on steep slopes.   

b) Season. Movement of ice is faster during summer than in winter since thawing that facilitates movement is 

more frequent in summer. 

c) Friction. The centre parts of a glacier tend to be faster than the sides and bottom since there is greater 

resistence due to friction with the rocks at the bottom and sides. 

d) Thickness and weight. Thick masses of ice exert great pressure on the layers beneath, inducing slight melting 

and therefore faster movement. Thick and heavy glaciers are likely to move faster. 

Processes of glaciation. 

Glacial Erosion  
Glaciers erode the terrain principally through two methods: abrasion and plucking.  

1. Plucking/quarrying process: it is also reffered to as sapping or gouging.  It occurs when the ice at the base and 

sides of the glacier melt and refreezes onto the rock; pulls and carries them away as boulders and moraines  

2. Abrasion/grinding process: The rocks frozen into the bottom of the ice wear away valley sides and floor 

Abrasion occurs when the ice and the load of rock fragments slide over the bedrock and function as 

sandpaper that smoothes and polishes the surface situated below.  

Factors influencing glacial erosion.  

a) Speed of the glacier. A fast moving glacier erodes more since it possesses greater energy to erode. 

b) Thickness and weight of the ice. Thick and heavier glaciers enhance glacial erosion due to the weight exerted on 

the rock debris to become more effective in scrapping the ground.  

c) Availability of rock debris. The more the debris embedded in a glacier, the more effective the abrasion will be. 

However, when the load being dragged is too big, erosion is reduced as the glaciers simply glide over the 

load without affecting the rocks beneath.  

d) Nature of the underlying rock. Well jointed and faulted rocks are of Relative ease to erosion by a glacier. 

Transportation.  
All sediments from glacial erosion are known as glacial drift. The material carried by a glacier is known as 

moraine or till. The moraine is transported as  

a) Supraglacial debris; carried on the surface of the glacier as lateral and medial moraines.  

b) Englacial debris is moraine carried within the body of the glacier.  
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c) Ground moraine/Subglacial debris is moved at the base or bottom of the glacier. 

~ Lateral moraines are parallel ridges of debris carried along the sides of a glacier.  

~ Medial moraine is transported on the surface but in the centre of a glacier. It is formed when two glaciers 

meet and the debris on the edges of the adjacent valley sides join and are carried on top of the enlarged 

glacier.  

~ Ground moraines are the moraine transported at the base of the moving ice and may be deposited as 

Lodgment till. 

~ End or terminal moraines are ridges of unconsolidated debris deposited at the snout or end of the glacier 

mark the maximum advance of the glacier. 

~ Recessional moraine is a type of terminal created during temporary halts in a glacier's retreat. They are small 

ridges left as a glacier pauses during its retreat.  

 
Deposition  
The following conditions are necessary for glacial deposition to take place.  

a) Increase in glacial drift. When a glacier is so heavily charged with moraine and fluvial-glacio deposits, it may 

be forced to leave some of it behind as it slides over it.  

b) Rise in temperature. Warm temperatures will make the ice to melt. As the ice melts, some of its load is 

deposited.  

c) Change in gradient. As a glacier encounters a gentle slope, e.g. in lowlands, it accumulates a lot of load. As it 

melts, it eventually deposits these materials.  

d) Friction underneath the glacier. As a glacier moves, friction occurs between its base and the earth surface. This 

leads to the deposition of heavy materials embedded beneath it.  

e) Increase in the weight of the glacier. A stationary glacier accumulates ice and grows to vast thickness leading to 

an increase in its weight. Pressure is then exerted to its base leading to melting of some of the ice. This leads 

to deposition of some of the material embedded in it.  

Glacial deposits are of two distinct types:  

a) Glacial till: material directly deposited from glacial ice. Till includes a mixture of undifferentiated material 

ranging from clay size to boulders, the usual composition of a moraine.  

b) Fluvial and outwash deposits: these are sediments deposited by water.  

Glacial landforms  
Glaciers move, and as they do, they scour the landscape, "carving" out landforms. Glaciation features in highland 

areas. They include;  

1. Corrie (cirque), Pyramidal peaks (horns) and Arêtes.  

2. Hanging valleys and U-shaped valleys.  

3. Roche Moutonnée.  

4. Fjords.  

5. Glacial troughs.  

6. Rock basins.  
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1. Formation of cirque and the resulting tarn 

A cirque is a steep sided rock basin resembling an armchair. It is also called a corrie, cwm, combe botn or kar. It is 

formed when snow accumulates in a shallow pre-existing depression on the mountain side or at the head of a 

valley forming a glacier. 

Process of Cirque and tarn formation 

 

1

2 3

 
The uneven rates of movement within a glacier cause it to develop cracks on the surface. 

A crevasse is a crack in an ice sheet or glacier. A Bergschrund is a crevasse that forms where the moving glacier 

ice separates from the stagnant ice above.  
Crevasse and Bergschrund  

 
2. Arêtes and horns (Pyramid Peak)  

 An arête is a narrow crest/ridge with a sharp edge, formed between adjacent cirques. Arêtes form when two 

cirques cut back-to-back through a process known as headword recession. This backward cutting of the cirque walls 

is through plucking and nivation processes. 

Horns are a sharp and steep-sided high mountain peaks that form when the walls of three or more glacial cirques 

intersect.  
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These peaks are common on mount kenya.e.g Coryndon and Delamare peaks. On Ruwenzori, there is the Albert, Magherita and Alexandra peaks. 

3. Glacial troughs and Hanging valleys. 

As the ice moves, it plucks the rocks in the hollow, thus allowing more ice to collect 

in it. A Bergschrund may form between the back wall and the glacier in the 

depression. Debris in the ice also may abrade the bed surface. The basin will 

become deeper if it continues to become eroded by abrasion 

Eventually, the hollow may become a large bowl shape in the side of the mountain, 

with the back wall/headwall being eroded by plucking.  

If the cirque is subject to seasonal melting, the floor of the cirque most often forms 

a tarn (small lake) 
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Glacial troughs 

This is a valley whose typical cross section is shaped like a 'u'. Before glaciation, mountain valleys have a 

characteristic "V" shape, produced by downward erosion by water. 
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Glacial trough and hanging valleys

 
Hanging Valley  

Many glaciers deepen the main valleys more than their smaller tributaries. Therefore, when the glaciers recede 

from the region, the valleys of the tributary glaciers remain above the main glacier's depression, and these are 

called hanging valleys.  

4. Roche Moutonnée  

This is elongated, rounded, asymmetrical, bedrock with a gentle slope on its up-glacier side and a steep rough 

face on the down-glacier side.  
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Striated surface created by 
abrasion from moraine in 
base of glacier

 
5. Fjords  

A fiord is a long, narrow inlet with steep sides or cliffs, created in a valley carved by glacial activity. Fjords are 

formed when a glacier cuts a U-shaped valley by abrasion of the surrounding bedrock.  
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6. Rock–basins.  

They form in the glacial trough as a result of differential erosion.  

 
Resultant features of glaciation in 

 However, during glaciation, these valleys widen and deepen, 

forming a "U"-shaped glacial valley. Besides the deepening and 

widening of the valley, the glacier also smooths the valley and thus 

eliminates the spurs that extend across the valley.  Truncated spurs 

are formed 

Most fjords are deeper than the adjacent sea. They have 

a sill or rise at their mouth caused by the previous 

glacier's terminal moraine.  

Where two glaciers converge, erosion will be greater 

than where there is only one glacier.  

A glacial hollow or rock-basin will form at this point. 

During the post-glacial period, water may accumulate 

in the depression to form a rock-basin lake known as 

ribbon or finger-lake.  

It is the result of abrasion on the upstream slope 

and intense quarrying at the position of the 

steep downstream slope. The upstream, gentle 

slope is polished smooth from abrasion.  
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lowlands (depositional features)  
The features include;  

Eratics 

Eratics are boulders that the glacier has carried along with it as it moved. Some erratics fall onto a glacier during 

an avalanche and ride on the top of the glacier until it melts. When the glacier melts it leaves the boulder far 

away from where it first fell.  
Erratic- illustration 

 
Crag and tail.  

They are formed when there is a resistant block on the course of a glacier. The side of the resistant rock is eroded 

forming a crag. The opposite side where deposition takes place is called the tail.  
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Formation of crag and tail

 
Till.  

This is an unsorted, heterogeneous mixture of rocks, clays and sands transported and deposited by ice sheets on 

melting.  

There are two Types.  

a) Lodgment till is identical to ground moraine. It is material that is smeared on to the valley floor when its 

weight becomes too great to be moved by the glacier.  

b) Ablation till is a combination of Englacial and Supraglacial moraine. It is released as a stationary glacier 

begins to melt and material is dropped in situ.  

Drumlins  

 Drumlins are smooth elongated hills of glacial till molded by ice sheets as these paste the sub glacial load against 

obstructions. 
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Direction of ice movement

 

 Their heights vary from 15 to 50 meters and they can reach a kilometer in length.  

The tilted side of the hill looks toward the direction from which the ice advanced 

(stoss), while the longer slope follows the ice's direction of movement (lee). 

Drumlins assume egg-shapes and are found in groups called drumlin fields or 

drumlin camps. Example of these fields is found east of Rochester, New York. 
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Kames and Eskers 

 These are products of glacial streams deposition. 

 Kames  

These are mounds of deposits that are scattered over outwash plains. They are built up by streams emerging at 

high levels from temporary stagnant ice fronts in the same way as alluvial cones. They form as till is washed into 

holes as the glacier front recedes.. Low, moundlike hills result:  

Eskers.  

These are long snake-like ridges formed by long and persistently flowing streams under glaciers.   

An esker 

 
Kettles.  

 These are glacial depressions produced when large ice blocks stuck in the glacial alluvium melts. Most are 

circular in shape due to the melting blocks of ice becoming rounded. 
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A block of ice rests on 
the glacial till. 

Continued deposition of till 
partially buries the ice block. 

The ice  bock block finally melts to leave 
behind a depression called a kettle If the depression c is filled by water E.G from 

the underground water table it forms a kettle 
lake. 

Kettle lake

kettle

ICE 

ICE 

Formation of a kettle and a kettle lake

 
Outwash plains.  

These are wide, gently sloping plain of gravels, fine sand and clay formed when large volumes of melt water 

spreads materials from the ice front.  
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Outwash plain

Significance of glaciation.  

a) Sources of Rivers; glaciers in highland areas form sources of rivers. E.g. the glaciers on Mount Kenya from 

which tributaries of rivers like Tana originate.  

Eskers form when a subglacial ice tunnel is filled to choking 

with rock debris, followed by melting of the glacial ice leaving 

sinuous low hills that are distinctive.  

The coarser gravels are deposited first while fine 

sands and clay are carried further away. The deposits 

may be 50m thick.  



Illustrated Lesson Notes In form 3 Geography For Secondary Syllabus 

Copyright@Cheloti 

 
97 

b) Some till and outwash plains form part of the world’s rich farming areas. Examples; East Anglia in Great 

Britain and the dairy belt of North America. Old glacial lake beds like the prairies of Canada provide fertile 

land for farming.  

c) Some glacial lakes like the Great Lakes of North America form important natural route ways and sources of 

fish. They are also tourist attractions  

d) Waterfalls resulting from hanging valleys provide suitable sites for the generation of hydro-electric power. 

For example in Switzerland and Norway.  

e) Glaciated mountains attract tourists. During the winter seasons, heavy snowfall makes skiing, skating and 

other sports possible. For example, the Alps in Switzerland.  

f) During summer, the glaciated regions of the Alps have good pasture and this provides grazing lands for 

livestock. Transhumance is a common practice in Switzerland, Norway and other alpine countries in Europe.  

g) Erosion by continental ice sheets in areas like the Canadian Shield exposed minerals like iron, gold, cobalt, 

lead and copper. Making it possible to exploit them.  

h) Fiords provide good fishing grounds as well as good natural harbours.  

i)  Areas where glaciers are common provide natural preservation for perishable commodities like fish in 

Norway.  

j) Areas which are under glacial activities have minimal diseases because the prevailing cold conditions do not 

form suitable habitat for the disease hosts like mosquitoes and snails.  

k) Glaciated highland regions offer good sites for forestry like Scandinavia and slopes of Mt. Kenya.  
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ACTION OF WIND AND WATER IN ARID AREAS.  
Introduction.  
Aridity refers to the state of land being deficient in moisture leading to scanty vegetation. Areas that receive less 

than 250mm of rain annually and are dry with sparse vegetation are called deserts.  

 Most of the world's deserts are located near 30 ̊N and 30 ̊S latitudes, where the heated equatorial air begins to 

descend. Other deserts are located in the rain shadows of mountain ranges. Many of the deserts in the 

southwestern United States are the result of rain shadows. A few deserts, such as the Gobi Desert in China, are 

simply a result of being located far from the ocean, from which most atmospheric moisture is drawn.  

The following names of deserts are identified on the basis of the nature of their surfaces; 

1. Sandy desert.  They are Called erg in the Sahara and Koum in Turkestan. This is an undulating plain of 

sand produced by wind deposition.  

2. Stony desert. They are Called reg in Algeria and serir in Libya and Egypt. The surface of this desert was 

covered with boulders and angular pebbles and gravels.  

3. Rocky desert. They are Called Hamada in the Sahara. It is characterized by a bare rock surface formed by 

deflation which removes all the small loose rock particles.  

4. Badlands. This develops in semi desert regions mainly as a result of water erosion produced by violent 

rain storms. The land is broken by extensive gullies and ravines which are separated by steep ridges. 

Classification of deserts on the basis of location and the temperatures experienced in them gives us two types of 

deserts namely 

a) Continental deserts. These are located in the interior of continents or on the leeward side of high 

mountains. They can either be cold or hot depending on their latitudinal location. Examples of hot deserts 

located in the tropics include Sahara and the Arabian deserts. Cold deserts include Gobi desert in central 

Asia, Greenland and Antarctica deserts in the Polar Regions and Patagonian desert in South America.  

b) West coast deserts. These occur on the western coasts of continents, mainly in areas characterized by 

offshore trade winds and cols ocean currents. E.g Atacama Desert of South America, Namib Desert in 

Namibia and California Desert in the USA. 

 

LOCATION OF WORLD’S MAJOR DESERTS  

Assignment; mark and name the major deserts of the world 

 
WORK OF THE WIND  
Wind carries with it thousands of dust particles which collide with each other and become smaller. With the help 

of these sand particles it erodes the earth’s surface when its velocity is very high.  

As soon as the speed of wind declines, the particles are deposited in the form of dunes or loess.  

Why wind action is more distinct in hot deserts.  

a) In hot deserts, there are a lot of loose unconsolidated dry particles ready to be easily picked up by wind.  



Illustrated Lesson Notes In form 3 Geography For Secondary Syllabus 

Copyright@Cheloti 

 
99 

b) Vegetation cover in hot deserts is scanty. The bare and exposed surfaces are vulnerable to erosion.  

c) Within these deserts, strong tropical storms are common.  

Wind erosion  
Difference between Wind Erosion & Stream Erosion  

a) Wind has a low density compared to water; thus it is not capable of picking up and transporting coarse 

materials.  

b) Because wind is not confined to channels, it can spread over large areas, as well as high into the 

atmosphere.  

Ways in which erosion takes place  

a) Deflation.  This involves the lifting and blowing away of loose materials from the ground. Deflation results in 

the lowering of the land surface to form large depressions called deflation hollows.  

b) Abrasion. The sandblasting of rock surfaces by winds, when they hurl sand particles against them, is called 

abrasion. Abrasion is most effective at or near the base of rocks.  

c) Attrition. When wind-borne particles collide, they wear each other away so that their sizes are greatly reduced 

and grains are rounded into millet seed sand.  

Erosional Landforms  
1. Blowouts or Deflation Hollows.  

Layers of loose dry unconsolidated sediments are removed by wind deflation. The result is a blowout. Similarly, 

minor faulting can also initiate depression and the eddying action of oncoming winds will wear off the weaker 

rocks until the water table is reached.  

Desert surface before erosion

Deflation 
hollow

-Eddy currents caused by the lowered surface 

continue to erode the depression widening it to 

form a deflation hollow.

Formation of Deflation hollows

-Wind blows over the desert surface and picks the 

loosened materials like sand through deflation.

-

-Continuously the materials are removed by rolling 

and lifting lowering the desert surface

-

 
Desert Pavement  

In portions of many deserts the surface is characterized by a layer of coarse pebbles and gravel. Such a layer, 

called Desert Pavement, is created as the wind removes fine material, leaving the coarse particles behind.  

In North Africa such a pebble-covered surface is called reg. 

2. Mushroom blocks.  

This is a massive rock with a broad, smoothed and rounded top and a very narrow bottom. It resembles a 

mushroom hence the name mushroom rock. 

Water then seeps out forming oases or swamps, 

in the deflection hollows or depressions. 

The Fayum Depression in Egypt lies 40 m below 

sea level. 
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wind wind

Formation of mushroom block

 
Examples of mushroom rocks are found in the Namibian and Arabian deserts. 

3. Rock pedestal:  

A rock pedestal is a tower-like rock structure, often formed of heterogeneous horizontal rock layers (with varying 

degrees of resistance). It is caused by sand being driven into its base by the wind.  

Rock pedestal formation 
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Resistant rock 
is worn away 
slowly

Less Resistant 
rock is worn 
away rapidly

Rock pedestal

 
4. Zeugens  

A zeuge is a ‚ridge and furrow‛ landscape formed from tabular rock masses, which have a layer of soft rocks 

lying beneath a surface layer of more resistant rocks.  

Physical weathering helps in widening the joints and cracks on the upper layers of the rock and causes further 

disintegration of rocks along the joints. The sculpting effect of wind abrasion on the disintegrated materials along 

the joints opens up the cracks on the horizontal rock strata and exposes the soft rock layer beneath. Wind abrasion 

further eats into the underlying softer layer so that deep furrows are developed. The hard rock’s then stand above 

the furrows as ridges or Zeugen. Continuous abrasion by wind gradually lowers the Zeugen and widens the 

furrows.  

The features are common in the Eastern Province of Saudi Arabia. 
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Hard  rock

Soft  rock

Formation of zeugens

 
5. Yardangs  

Yardangs are high elongated ridges that lie parallel to the prevailing wind. They form when alternating hard and 

Rock pedestal formation-description.  

 Its formation is preceded by the existence of a 

rock out crop with alternating resistant and less 

resistant/hard and soft rock layers.  

Wind abrades the softer layers more and also is 

concentrated at the base of the out crop.  

A rock pedestal results out of this action.. 

 

 The feature is formed from a homogenous rock of uniform 

hardness and resistance.  

 Wind abrasion from the heavier materials near the ground results 

in intensive undercutting at the base of the vertically laid 

homogenous rock.  

 The top part undergoes gradual or slow polishing and smoothing 

due to fewer airborne materials at that level. 

 The result is a rock structure with a broad top and a narrow base, 

resembling a mushroom, hence the name mushroom block. 
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soft rock layers are vertical. They are products of the wind abrasion working on softer rock to create furrows in 

between the hard layers. They are commonly found at In Salah in Algeria and Kom Ombo in Egypt 
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Resistant rock

Yardangs

Less Resistant

Text 1      – 4

Diagram – 2

-

6mks

- Hard rocks are undercut and stand as narrow ridges

- The narrow ridges are known as yardangs

Yardang 

 
6. Dreikanter or Ventifacts  

A Ventifact is a stone with the surface smoothed and flattened under prolonged attack by windblown sand. 

  
7. Rock pavement (Hamada).   

A rock pavement is a flat, wind-smoothed rocky desert surface. In desert areas the exposed bedrock surfaces 

become the sides of the attack by sandblast. Ultimately what remains behind is the rock pavement made of 

resistant rock stuff over which are spread Dreikanter-shaped pebbles.  

 
Wind transportation.  
Factors influencing wind transportation.  

a) Speed and force of the wind. The faster and more forceful the wind is, the greater the load it can transport.  

b) Nature of the load. Fine dust is easily picked up and blown away. Heavier material like sand grains and dust 

can be swept along the ground while coarser ones are rolled along the ground by eddy winds.  

c) An intervening obstacle. When an obstacle lies in the path of a wind carrying its load, its speed is reduced, 

forcing it to deposit some of its load.  

d) State of the particles. The moisture content of the material during transportation. Where the material is dry and 

unconsolidated, they will be transported far away than when they are wet.  

e) Vegetation cover or water mass.  In areas where the surface is covered by vegetation or a water mass, the sand 

particles are bound together. This reduces the ability of the wind to pick and transport them. 

f) Weather changes. Periodic weather changes cause the rate of transportation by wind to change. E.g, when short 

torrential rains fall, the materials that were airborne are washed down to the ground. 

Particles are transported by winds through suspension, Saltation, and creep.  

a) Suspension. Upward currents of air support the weight of suspended particles and hold them indefinitely in 

the surrounding air. Winds near Earth's surface suspend particles less than 0.2mm in diameter and scatter 

them as dust or haze.  

This flat, bare rock floor is called Hamada. 

The best known rocky deserts are those of 

the Sahara Desert, e.g, the Hamada el 

Homra, in Libya, which covers an area of 

almost 52,000 km2.  

Rock fragments, mechanically weathered from mountains and upstanding 

rocks, are moved by wind and smoothed on the windward side. If wind 

direction changes, another facet is developed. Such rocks have characteristic 

flat facets with sharp edges. Among the Ventifacts, those with three wind-

faceted surfaces are called Dreikanter.  
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b) Saltation. This is the movement of small particles in the direction of the wind in a series of short hops or skips. 

A saltating grain may hit other grains that jump up to continue the Saltation.  

c) Surface creep. Some heavier materials are never airborne. They are pushed and rolled along the ground over 

short distances. For example, gravels, fragments and pebbles. Surface creep accounts for as much as 25% of 

grain movement in a desert. 

WIND DEPOSITION. 

This is the end result of transportation of desert sediments.  When the speed and therefore the strength of the 

wind decrease, the rate of transportation is reduced and deposition starts. 

Factors that influence wind deposition. 

a) Nature of the desert surface. Water surfaces like oases or moist grounds impede the transportation of materials 

close to the ground due to friction. This forces the wind to deposit its load. 

b) Obstacles. The presence of obstacles such as rocks, bushes and shrubs in the path of wind creates friction. As a 

result the wind is forced to drop some of its load. 

c) Strength and direction of wind. When wind slackens, it begins to drop some of its load. Similarly, when winds 

that are blowing from different directions meet, collision occurs resulting in some of the load that these winds 

were carrying being dropped. 

d) Variation in weather conditions. When the sudden showers occur in deserts, some of the suspended load is 

washed down. 

e) Amount of load carried. If the wind is carrying too many particles, they constantly collide among themselves 

causing some of them to be dropped. 

Types of Wind Deposits  

Wind deposits are of two types:  

1. Loess The unconsolidated fine dust carried to the borders of the desert or beyond and deposited on 

neighboring lands is called loess. It is yellow, friable (flaky) material and usually very fertile. The thickest and 

most extensive loess deposits occur in western and northern China, where accumulations of 30 m are 

common.  

2. Sand Dunes. A dune is a mound or a low ridge of wind-blown sand rising to a definite summit or crest. 

Dunes mainly occur in the interior of deserts and along low-lying coasts.  

Factors influencing formation of dunes.  

a. Availability of sand.  

b. The strength and direction of wind.  

c. The nature of the surface.  

d. The presence of an obstacle on the path of the wind movement.  

e. The presence of vegetation.  

f. The presence of ground water reaching the surface.  

Dunes are classified on the basis of shape as:  

a) Barchans or Crescent Dunes.  

Sand dunes shaped like crescents and with their tips pointing downwards are called Barchan Dunes. These 

dunes form where supplies of sand are limited and the surface is relatively flat, hard and lacking vegetation.  

Description of formation of a barchan  

 There exists an obstacle in the path of prevailing wind. Sand accumulates on the intervening obstacle as 

Deposition starts. The prevailing wind forces some sand to move forward creating a Smooth gentle windward 

slope. The effect at the wind eddies cause the formation of a steep slope and horns on the leeward side. They 

migrate slowly with the wind at a rate of upto 15 meters/year.  

Formation of a barchan. 
 

 
 

Wind direction 

Sand  
Rock in path of 

wind  
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When the wind direction is nearly constant, the crescent form of these dunes is nearly symmetrical.  

b) Transverse Dunes.  

These are a series of long ridges that are separated by troughs and oriented at right angles to the prevailing 

wind. They form in regions where vegetation is sparse or absent and sand is very plentiful. These dunes have a 

long, low- angle windward slope rising to a crest.  
Transverse dunes- illustration 

 
c) Longitudinal Dunes/Seif dunes.  

These are long ridges of sand that generally form parallel to the prevailing wind, caused by a larger dune having 

its smaller sides blown away. They are sharp-crested and common in the Sahara. They range up to 300 m in 

height and 300 km in length. 
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Dominant wind

An overhead view of Seif dunes

 

Action of water in arid areas and the resultant features.  
Deserts receive rainfall rarely. When they do, it results in rushing torrents on steep slopes and sheet floods on the 

gentle slopes. The floods erode, transport and deposit resulting in formation of various features. 

The following are some of the resultant features. 

1. Inselberg  

Inselberg is a german word which means an ‘island mountain’. It is a steep, isolated round-topped mass of rock 

standing in an extensive flat area. They are a product of both sheet wash and wind erosion in deserts. Inselbergs 

They are thought to develop from barchans if a 

change of wind direction occurs. The new wind 

direction will lead to the development of a new 

wing and the overdevelopment of one of the 

original wing.  

 

Wind eddies 

Barchans  

Wind direction   

Ripple is a low angle climbing deposition seen over sand 

sheets and transverse dunes They are common in arid 

regions where the extensive surface of wavy sand is 

sometimes called Sand Sea.  
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vary in shape and size.  
                                 Rounded top Inselberg                                                                 flat-top Inselberg 

 
They are either surrounded by plains or gently-sloping rock platforms called pediments. 

 Inselbergs are classified into two i.e. Bornhardt and castle kopje.  

a) A Bornhardt is a high steep-sided hill that is dome-shaped. It is formed from massive crystalline rocks like 

granite exposed after torrential floods exposed it by washing away the weathered material. They are 

products of both weathering and erosion. 

b) Castle Kopjes are formed from either the breakdown of a Bornhardt or through the deep weathering of 

plateau edges and the removal of the weathered rock by both wind and water. 

In east Africa, Inselbergs are found in Maragoli Hills, Nyika Plateau and Northern Kenya. 

2. Mesas and buttes 

A mesa (Spanish word for table) is a flat-topped, steep-sided plateau of horizontal strata capped by erosion-resistant 

rock. In arid regions, weathering and erosion strips away successive rock layers, leaving behind plateaus capped 

by hard rock layers.  Mesas are more extensive than buttes.  

A butte is an isolated flat-topped hill like a mesa, but smaller.  

 
The features occur in the dry plains of northern Kenya and in the Arizona Desert of the USA. 

3. Gorges. 

These are deep, steep and narrow river valleys with rivers whose sources are highland areas of high precipitation 

or covered with snow. The process of gorge formation is as discussed under rivers. 

If the land over which the river cuts is uplifted but the river maintains its flow, the depth of the gorge increases. 

When such a gorge becomes extremely big, it is known as a canyon.  Examples of canyons include the Fish river 

Canyon in Namibia. 

4. Wadi/dry hollows/ ravines.  

A wadi is a dry deep, steep-sided desert valley with cliff-like walls that rise from a flat floor. Wadis are formed 

when flash floods occur on a steep and undulating landscape.  
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                                                                                                      Rill 

 

 

 

 

 

                      Alluvial fan 

Wadi 

 
Wadis are common in Egypt e.g; Abd el Malik, El Bakht, and Hamra. 

In some semi-arid regions, there are valleys in which rivers flow only seasonally. These valleys are Wadis but 

they are known as dry valleys. In Kenya, they are called lagh and are common in Northern region. 

Inland drainage basins and related features in arid areas. 
The main features present within drainage basins in arid areas include alluvial fans and Bajadas, pediment and 

pediplains, peripediments and playas 

a) Alluvial fan.  

This is an assemblage of sediments marking places where a stream moves from a steep gradient to a flatter 

gradient and suddenly loses transporting power. Owing to the slowing of flow any solid material carried by the 

water is dropped. It is Typical of arid and semiarid climates but not confined to them.  

Alluvial cone is a Type of alluvial fan, but with steeper slope angles.  

b) Bahada (Bajada).  

This is a continuous gentle, sloping fringe of angular scree, gravel and coarse sand around the margins of an 

inland basin in a desert landscape. They area formed through the Coalescing of alluvial fans adjacent to a true 

pediment, leading down to an inland basin.  

 
c) Pediment  

This is a sloping surface of low relief from residual uplands at angles between 9° and 0.5° or less, being bounded 

on the upslope end by a piedmont angle and the downslope end which merges into an alluvial plain. Pediments 

may have formed through lateral planation by streams, sheet floods, rills and downwash resulting from 

rainstorms. Pediments may also form when a slope retreats due to progressive back wearing of the soil profile by 

erosion and weathering.  

d) Peneplains  

Extensive area of low relief dominated by broad floodplains and gentle interfluves, with isolated monadnocks left 

upstanding in areas of resistant rocks. They are formed due to sustained planation of a slope.   

e) Pediplains(Pediplane)  

This is a Surface of low relief, broken by occasional residual hills, a result of coalescence of a number of 

The flashfloods cut rills, which in turn develop into gullies. 

The streams enlarge the gullies rapidly to produce steep 

sided valleys called Wadis.  

Wadis sometimes contain a torrential stream but for a short 

time after a heavy down pour.  
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pediments towards the end of the cycle of erosion.  

f) Playa  

Playa is an inland drainage basin which contains a temporary shallow lake. It is also known as Sebkha. Any 

precipitation that falls in such a basin remains there permanently, leaving the system only by evaporation. Playa 

consists of fine-grained sediments infused with alkali salts.  

g) Salt pan/salina/salar  

Salt pan is a flat expanse of ground covered with salt and other minerals, where water pools collect when it rains. 

If the water is unable to drain into the ground, it sits on the surface until it evaporates. Generally, a Salina is a 

product of a dried up playa. When the water evaporates, it leaves behind whatever minerals were dissolved in it.  

The significance of the resultant features of action of water and wind in arid areas.  

a) Water from the oasis is used for irrigation, domestic use and industrial use.  

b) Desert landscape forms an ideal site for military training, testing of weapons since it is less densely 

populated.  

c) Loess form fertile soils in wetter lands where they are finally deposited. For example the pampas of 

Argentina and Hwang Ho valley in china originate their soils from desert loess.  

d) Desert features form a major tourist attraction. For example the rock pedestals, Yardangs and Zeugens.  

e) Seasonal streams can be dammed to supply water to the surroundings  

f) Desert features can inhibit infrastructural development in an area. Road construction can be a problem in 

areas prone to sand dune formation and migration.  

g) The hot sun in deserts provides a large potential for solar energy.  

h) Basins and blow-outs may hold permanent lakes and give rise to formation of oases thus providing a source 

of water permanently.  

i) Sand dune migration may destroy rich agricultural farms and threaten human and animal life.  
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UNDERGROUNDWATER AND KARST SCENARY. 

Underground water 
 Also known as Groundwater, This is a body of water that exists below the surface of the earth, collecting in the 

open pore spaces between soil particles or in cracks and fissures in bedrock.  

 
Underground river water is not part of underground water. 

Sources of underground water.  

a) Part of the rain water that percolates down into the ground.  

b) Snow melts after winter may lead to some water percolating into the ground.  

c) Lake/sea water may also percolate into the earth.  

d) Magmatic water- the plutonic water that gets trapped in the rocks underground.  

Factors which affect the occurrence of underground water.  

a) Precipitation and evaporation in an area. If precipitation is higher than evaporation, then more water will be 

made available as ground water.  

b) Porosity of rocks. This is the percentage of a rock or sedimentary deposit that consists of voids and open space. 

The greater the rock porosity, the greater its ability to hold water.  

c) Permeability of the rock. Although a rock may be very porous, it is not necessarily very permeable. Permeability 

is a measure of how interconnected the individual pore spaces are in a rock or sediment. Sandstone is 

typically porous and permeable. Igneous rocks tend to have low porosity and low permeability unless they 

are highly fractured by tectonic processes.  

d) Slope. Generally the rate of water percolation into the ground on steep slopes is low because most of the water 

forms surface run-off. In gentle slopes as water percolation rate is high because of the flat nature of the 

landscape allowing water to move slowly while infiltrating.  

e) Vegetation cover. Surfaces covered with vegetation will experience higher water percolation since the 

vegetation helps to hold the water nearer the ground for a long time. Areas with scanty vegetation as in 

deserts have low percolation rate since most of the water is lost to run-off.  

f) Levels of saturation in the ground. Dry grounds absorb a lot of water. When the air spaces get filled up with 

water, infiltration rate is reduced.  

g) Water loss through Evapotranspiration. This is encouraged by an atmosphere that has low moisture content. The 

higher the evapotranspiration, the lower the rate of infiltration.  

 

The Water Table  

This is the contact between the saturated and unsaturated zones. The saturated zone is the rock and soil in which all 

the open spaces are filled with water. The unsaturated zone is the rock and sediment in which pore spaces contain 

mostly air and some water and therefore are not saturated.  

Water moves through the unsaturated zone into the saturated zone, where all the interconnected openings 

between rock particles are filled with water. When all available space above the impermeable rock has been filled 

with water, the rock is said to be saturated. The upper limit of this level of saturation is the water-table. 

The fluctuation of the levels of saturation according to season leads to formation of three underground saturation 

zones; 
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Zone of ground water

Zone of intermittent saturation. 

Both zones of intermittent and non-saturation are called the vadose zone or zone of aeration. A permeable rock 

which is underlain by an impermeable rock and which is permanently saturated with water is called an aquifer. 

 

The following are formed due to the presence of underground water; 

1. Springs.  

A spring is a point or place where underground water flows out naturally onto the surface. It results when the 

water table intersects a sloping land surface. Springs are usually sources of rivers. They can be permanent or 

intermittent. 

Ways in which springs are formed. 

a) When impermeable rocks, such as shale, underlie permeable rock. The impermeable rock blocks the flow of the 

groundwater, forcing it to the surface. Springs occur where the two layers meet the surface.  

9-May-14
slides for Quick revision - @Cheloti 

2013
2

Aquifer overlying an impermeable rock

 
b) Where a limestone escarpment is underlain by an impermeable layer, a spring may form at the foot of a 

steep scarp slope.  
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c) Where a well jointed rock on a hill is saturated to the level of the water table. The water flows out at a point 

where the water-table appears at the ground surface.. Such springs are called vauclusian springs. 

a) Zone of permanent saturation. This is the zone where all the rock 

pores and air spaces within the rocks are permanently filled with 

water. This zone is also called a phreatic zone. 

b) Zone of intermittent saturation. This is a zone where the zone of 

water content fluctuates according to season. The zone is 

saturated during the rainy season and unsaturated in the dry 

season. 

c) Zone of non-saturation. This is a zone of  layer rocks which is  a 

permeable layer to allow water to pass through without 

remaining in the pore-spaces 

For example a line of springs occurs at a chalk Cuesta 

often attracting a line of settlement. A Cuesta is a slope 

with both scarp and dip slopes. Streams that develop 

from the scarp slope springs in chalk areas and only 

flowing in the rainy season are called bournes.  
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d) An aquifer lies on the upper side of a dyke which outcrops. A spring may develop at the line where the dyke 

and the aquifer intersect.  

2. Wells and boreholes 

These are deep holes drilled into the water table to tap aquifers for domestic, industrial, and agricultural use. The 

level of the water table fluctuates with changing climatic conditions.  

The water table tends to be closer to the surface in valleys than on hillsides.  

Illustration. 

 
3. Artesian basins  

This is a saucer-shaped depression in which one or more aquifers are enclosed above and below by an 

impermeable strata. One end of the synclinal structure is exposed to allow rain water to percolate. The 

impermeable layers above and below the aquifer are called Aquifuge.  
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4. Artesian Well.  

This is a special type of well sunk into an aquifer of an artesian basin in which water rises automatically under the 

pressure of a column of water to the ground surface, either through a natural or man-made hole. Artesian wells 

occur in regions which fulfill certain conditions:  

Conditions necessary for the formation of artesian wells 

a) Aquifer must be (lie) between impermeable rocks to retain water 

b) Aquifer must outcrop in a region with water source like rainy area, or beneath a lake 

c) Aquifer must dip from the region of water intake and form a broad syncline 

d) Mouth of the well must be lower than the intake area to ensure water comes out of the well on its own.  

Problems associated with artesian wells. 

a) The water in some of the wells is hot or salty or both 

b) When artesian water is overdrawn such that the rate of drawing is faster than the rate at which the water 

is being replaced, it becomes an ordinary well as water has to be pumped out. 
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Examples of artesian wells in Africa are found between the Atlas Mountains across Tunisia to Libya, in Chad and 

in Egypt across the Qattara Depression.  

Significance of underground water.  

a) Existence of underground water stimulates growth of settlement. For example, the growth of a line of settlement 

near Cuesta springs in Kwale county and the South Downs area in London basin.  

b) Water from wells in dry areas is used for irrigation. This is common in Sahara where agriculture is practiced near 

oases. Also Banana growing in Taveta relies on spring water.  

c) Springs form major sources of water for both domestic and industrial use. Mzima springs in Tsavo West National 

Park supplies water to Mombasa.  

d) Springs are sources of various rivers in Kenya highlands.  

e) Heated underground water in volcanic areas form tourist attraction and is also used to produce geothermal 

power. For example at Ol Karia near Naivasha.  

f) Some hot springs deposit minerals especially salt particles. The salt mined in hot springs on the foot of Homa 

hills in Rachuonyo is used as cattle feed.  

g) Underground streams (effluent and influent streams) help in keeping some lakes fresh. For example Lake 

Naivasha has an underground passage to the Indian Ocean.  

 

KARST SCENERY.  

Karst is a landscape formed from the dissolution of soluble rocks including limestone, dolomite and gypsum. 

Karst topography is an irregular land surface dotted with numerous sinkholes and depressions related to 

underlying cave systems.  

Reasons for the formation of these features. 

a) Limestone is highly impervious because of the clear joint bedding. 

b) Limestone is soluble in ordinary river water and rainwater. 

Conditions necessary for the development of karst scenery.  

a) The surface rock and the rock beneath should be thick limestone, dolomite or chalk. 

b) Presence of hard well jointed rocks to ensure permeability.  

c) Hot and humid climate with abundant rainfall to enhance the solution process of carbonation.  

d) A lower water table to allow the water to move freely down through the rock and enhance formation of 

features.  

Surface karst features.  
1. Grikes and Clints. 

 Grikes are grooves or gullies formed due to the enlargement of limestone joints as rain water infiltrates through 

them. The low flat-topped ridges that develop between grikes are called Clints. (They are the rock blocks that 

exists between the grikes.)  
Formation of grikes and clints (stage one)

Rain water penetrates through the joints

Joints.

Formation of grikes and clints (stage two.)

Grikes( Grykes)
Clints.

 
2. Sinkhole  

This is any depression in the surface of the ground into which rainfall is drained. Karst sinkholes form when a 

fracture in the limestone bedrock is preferentially enlarged.  

Sinkholes form in two ways.  

a) Collapse sinkhole. This is formed the bedrock roof of a cave becomes too thin to support the weight of the 

bedrock and the soil material above it. The cave roof then collapses, forming a collapse sinkhole.  
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b)  Dissolution sinkholes. As the rock is dissolved and carried away underground, the soil gently slumps or 

erodes into a dissolution sinkhole. Once the underlying conduits become large enough, insoluble soil and 

rock particles are carried away too. Dissolution sinkholes form over long periods of time, with occasional 

episodes of soil or cover collapse. 

3. Swallow holes  

These are points along streams and in sinkholes where surface flow is lost to underground conduits. Swallow 

holes range in diameter from a few inches to tens of feet, and some are also cave entrances. Swallow holes are 

often large enough to allow large objects such as tree limbs and cobble-size stones to be transported 

underground.   

4. Dry valleys. 

A dry valley is the part of a river valley in which water is no longer flowing. In limestone areas, it is formed when 

river water disappears into a swallow hole 

5. Dolines.  

These are features formed due to enlargement of a swallow hole at the surface.  

6. Uvalas.  

When many dolines coalesce or collapse, they form bigger holes called Uvalas.  

7. Polje.  

With continued dissolution, several Uvalas may collapse. A large depression so formed is known as a polje. A 

polje is sometimes covered with terra rossa or marsh or even a small intermittent or permanent lake.  

Karst Underground and surface features.

Vauclusian spring

Arch.

Gorge.
Swallow holes.

Grikes and Clints Intermittent 
drainage

Limestone pillarUnderground cavern
stalactite

stalagmite

Karst window
Hum.

 
8. Karst window, Karst Bridge, gorges and hums.  

A karst window is a special type of sinkhole that gives us a view, or window, into the karst aquifer. Karst windows 

develop by both dissolution and collapse of the bedrock. Many karst windows originated as collapse sinkholes. 

Continued collapse of the carven leaves behind a small part of the roof which is called a karst bridge or arch. When 

the whole roof including the arch are removed by solution. a steep sided hollow lined by steep rocky cliff called a 

gorge is formed. The dissolution of limestone may leave behind some rounded residual hills called hums. 

 Underground features. 

 Caves or Caverns.  

A cave is an underground chamber that is accessible from the surface. In limestone regions, caves are the result of 

the rock being dissolved through carbonation by underground streams. The water seeps through the roof of the 

caverns in the form of a continuous chain of drops  

Stalactites and stalagmites.  

The groundwater that percolates through the cracks in the cave contains calcium and bicarbonate from the 

dissolution of limestone.  

As water saturated with calcium carbonate drips through the ceiling of a cave, CO2 gas is released and successive 

rings of calcite crystals form hanging from the roof as stalactites.  
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Water saturated with calcium carbonate dripping on the floor builds stalagmites,  

 

 

 

 

 

 

 

 

 

 

 

Under ground streams.  

These are water channels that develop from the sinking of water down into the impermeable strata of rocks. They 

are classified as; Karst Underground and surface features. Vauclusian spring Arch. Gorge.Swallow holes. Grikes 

and Clints Intermittent drainage Limestone pillar Underground cavern stalactite stalagmite Karst window Hum.  

a. Effluent streams  

These are streams that are fed by a water table over their level. They intersect the water table and flows into it 

from the ground water reservoir.  

b. Influent streams.  

These are stream channels fed by water table below their level. The water table lies beneath the bottom of the 

streams.  

Significance of the resultant features.  

a) The features form good tourist attractions for example stalactites, stalagmites caves, gorges and dry valleys.  

b) Collapse of dolines into water tables may lead to lakes in the karst areas. Such lakes are called solution lakes. 

For example lake ojikoto near Tsumeb, Namibia.  

c) The disappearing and intermittent streams that are a common feature in karst areas lead to scarcity of water 

supply in these areas.  

d) The outcrop of bare rock which is also common in karst scenery make construction of infrastructure especially 

roads difficult.  

e) Limestone is used in iron and steel industry where it used to separate iron from other impurities.  

f) Limestone areas are very good for grazing purposes, particularly for sheep. The soil is thin and surface dry.  

g) Limestone rock originates cement which is used in the building and construction industry. for example, at Athi 

river and Bamburi in Kenya and at Tororo in Uganda.  
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SOIL  
This is the uppermost surface layer of loose or unconsolidated material which overlies the crustal rocks and on 

which plants grow. . Land means any given area or plot on the earth’s surface. Unlike soil, land is not 

transportable because it is a fixed asset.  

Composition of soil. 
a) Inorganic matter. This are mainly made up of Minerals and weathered rock fragments composed of silicates 

and quartz. Other mineral compounds are calcium, sodium, magnesium and potassium. Organic substances 

like nitrogen, sulphur and phosphorous are also found in the soil.  

b) Soil organic matter. This is a product of decomposed tissues of plants and animals. When dead materials 

rot, they are decomposed by action of micro-organisms to form darkish, amorphous mass called humus. 

 Importance of humus content.  

a. It supplies plants with food and minerals like nitrogen, calcium, magnesium and phosphorous.  

b. It is also a major source of food for micro-organisms in the soil, which in turn influence the formation of 

high quality soils.  

c. The process of decomposition yields various acids, which continue to further weathering of rock 

materials.  

d. It has a high water holding capacity that helps the soil to retain water while limiting leaching of dissolved 

materials.  

e. It promotes development of a structure favourable to water and air circulation.  

f. It is fertile and produces high agricultural yields.  

c)  Soil gases/Air. The presence of air leads to oxidation, which converts part of the organic material into 

nitrogen, a form readily available to plants. Absence of air in the soil- especially oxygen- limits the activities 

of bacteria that break down the plant remains.  

d)  Water in the soil.  Water moves up the soil by capillarity. Chemical processes that take place in the soil are 

catalyzed by presence of water. Plants take dissolved nutrients through their roots during the process of 

osmosis. Excess water however limits bacteria activity thus limiting decomposition.  

 

Soil formation processes.  
Soil is formed through the following processes;  

1. Formation Through weathering  

Soil production depends on the rate of breakdown or weathering of the underlying parent materials under 

physical, chemical and biological processes, which will result in the lowering of soil-bedrock interface. The 

weathered materials are made up of loose broken rock particles called regolith. The change in soil thickness over 

time depends on two major processes:  

2. Formation of soils through organic accumulation and decomposition.  

This takes place in two stages;  

a) Mineralization. The biological and chemical breakdown of dead plant tissues by soil micro-organisms to 

produce simple soluble organic substances. This forms the initial stage of decomposition.  

b) Humification. This is the process by dead plant material, having been mineralized, are regrouped into 

molecules to form humus.  

3.  Formation of sol through leaching process.  

This is the process where water, carrying minerals from top soil layer, is absorbed deep in the lower soil layers 

(horizon „B‟). This happens when rain exceeds the rate of evaporation.  

Examples of leaching processes.  

a) Ferralization. This is the removal of weathered material in solution or suspension form from horizon „A‟ to 

horizon „B‟ while leaving behind iron and aluminium minerals on horizon „A‟. The soils formed on 

horizon „A‟ are reddish ferrisols or Laterites(Murram) This is the type of leaching that takes place in the 
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humid tropical lands like Congo and Amazon. The presence of Laterites in the savanna regions of Africa 

indicates that these areas were once humid.  

b) Eluviation. This is the removal of inorganic and organic substances from „A‟ horizon by leaching to horizon 

„B‟ and „C‟. Eluviation is driven by the downward movement of soil water.  

c) Illuviation. It is the process by which soil materials are redeposited to horizon „A‟ from the lower horizon 

due to a high rate of evaporation and low precipitation. The accumulation of fine material leads to the 

creation of a dense layer in the soil, due to compaction and cementation. The soil in this horizon has small 

spaces between the particles.  

d) Podzolization. This is the process by which Horizon „A‟ is heavily depleted of all minerals especially 

aluminium and iron by soluble organic substances. This represents the most severe leaching process that 

leads to soils becoming acidic and forming extremely acid humus called „mor‟.  

e) Calcification. This is the process where redeposit ion of calcium compounds within the same profile is 

permitted. There is minimal or no movement of leached material. It is common in areas of low rainfall and 

in the interior of continents.  

f) Ribification. This is the process through which soils are desiccated or dehydrated during the dry season and 

leached during the wet season. It takes place in tropical savannas and sub-tropical areas.  

g) Salinization. In this type, soils are leached upwards through capillarity. This takes place in arid areas. The 

oils inhibit plant growth and soil formation is impeded.  

4. Formation through Precipitation. 

This is the formation of solid matter in the subsoil. The solid matter is formed from the solutions washed down 

from the upper layers through leaching. 

5. Cheluviation. 

This is the downward movement of materials in the soil which is similar to leaching. However cheluviation 

occurs through the influence of organic agents which are reffered to as chelating agents. The process involves plant 

acids 

6. Organic sorting. 

This is the separation of materials through organic influence. The particles sizes are changed and the soil is 

enriched with organic matter like humus and mineral elements are moved in solution form. 

 

Soil Formation  
Soil is formed is a result of the interaction of many factors, the most important of which are:  

1. Climate The key components of climate in soil formation are moisture and temperature.  

a. Rainfall. When rainfall is high, as in wet or humid climates, there is greater leaching and heavy weathering. 

Heavy rains may lead to formation of alluvial soils through deposition of weathered materials.  

b. Temperature. Weathering is intensified by high temperatures. Temperature affects the organic composition 

of the soils. Soil formation varies with the organisms found in a particular area.  

c. Wind. It acts as an agent of soil erosion and deposition in arid areas leading to formation of loess.  

Nb; Climate is also responsible for the division of soil into two main groups namely pedocals (lime-

accumulating soils and are alkaline in nature) and pedalfers (soils with high aluminium and iron content and 

little lime).  

2. Organisms. The active components of the soil ecosystem are the vegetation, fauna, including 

microorganisms, and man.  

a. Vegetation: vegetation influences the fertility of the soils. Places with dense vegetation lead to formation of 

humus rich soils.  

b. Macro fauna: Earthworms, termites and the larger burrowing animals (rabbits, moles) determine the nature 

of the soil through their actions. Earthworms intimately mix the litter with fine mineral particles they have 

ingested to create humus.  
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c. Microorganisms: During decomposition, essential elements are converted from organic combination to simple 

inorganic forms by microorganisms such as bacteria, fungi, algae, and soil enzymes.  

d. Man: Man influences soil formation through use of heavy machinery that compact soils and decreases the 

rate of water infiltration into the soil, thereby increasing surface runoff and erosion. Application of fertilizer-

lime also acts on soil development.  

3.  Relief.  Nature of the slope determines the type of soil in an area. Soils on the top of hilly areas are heavily 

leached. In plains and valley bottoms, soils are deep and fertile due to deposition of material. Topographic 

attributes affect soil moisture by governing the proportions of surface runoff to infiltration.  

4. Parent Material. The chemical and mineral compositions of parent material determine the effectiveness of the 

weathering forces. The downward movement of water and air circulation is controlled largely by the texture 

of the parent material.  

5. Time. The value of a soil forming factor may change with time (e.g. climatic change, new parent material). 

The extent of a soil chemical reaction depends on the time for which it has operated. When soils form for a 

long time, they are generally deep and well developed. Soil is classified as mature, immature or young 

according to the time taken to form.  

Properties and characteristics of soils.  
Soils have varied physical and chemical properties, which make them, have different characteristics from each 

other.  

1. Soil Structure  
Soil structure is the way soil particles aggregate together into a variety of shapes depending on the texture, 

composition, and environment. The shape of the soil will fall into one of the following categories:   

a) Crumb soil structure. This consists of small, soft, porous aggregates of irregular shapes.  

b) Granular this type of sol is made up of friable rounded aggregates usually less than 0.5 cm in diameter. 

They tend to form an open structure that allows water and air to penetrate the soil. This soil is found in 

surface horizons where roots have been growing.  

c) Platy structure. Platy soil peds are thin, flat, and plate-like. The soil aggregates are arranged on top of one 

another in relatively horizontal plates. This structure is commonly found in compacted soil. They are not 

good agricultural soils. 

d) Blocky soil structure. This looks like irregularly-shaped blocks that are usually 1.5 - 5.0 cm in diameter. The 

form of each individual ped is caused by the peds that surround it. Each block ped can be broken into 

smaller block peds.  

e) Prismatic: soil structures. These are Vertical columns of soil that might be a number of cm long. Usually 

found in lower horizons.  

f) Columnar: Vertical columns of soil that have a salt "cap" at the top. Found in soils of arid. 

g)  Single-grained soils are divided into individual soil grains that do not stick together and generally remain 

loosely-packed. This structure is found in sandy soils.  

h) The massive soil structure, on the other hand, appears in solid masses and does not have the propensity to 

break apart easily under light pressure. This structure is associated with very finely textured soils, like clay.  

NB; Soil is often described on the basis of the size distribution of the mineral particles: sand, silt and clay.  

2. Soil Texture  
Soil texture refers to the relative proportion of sand, silt and clay size particles in a sample of soil. It does not 

include any organic matter. Clay size particles are the smallest being less than .002 mm in size. Silt is a medium 

size particle falling between .002 and .05 mm in size. The largest particle is sand with diameters between .05 for 

fine sand to 2.0 mm for very coarse sand.  

Soils that are dominated by clay are called fine textured soils while those dominated by larger particles are referred 

to as coarse textured soils.  

In the field, the percentages of sand, silt, and clay particles in a soil are estimated by feel. The soil is rubbed 
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between the fingers and the thumb and an estimate of the amount of the various separates present is made. 

3. Soil acidity.  
The degree of acidity or alkalinity in the soil is measured in terms of the pH scale. This is a measure of the 

hydrogen concentrations held by the soil colloids. Soil pH ranges from 3 to 10. Pure water has a pH of 7 which is 

considered neutral, pH values greater than seven are considered basic or alkaline, below seven acidic.  

Importance of soil acidity.  

a) Soil acidity reduces the rate at which bacteria decompose organic matter.  

b) It determines the rate at which roots absorb minerals.  

c) It determines the chemical environment in which plants grow and conditions under which micro-organisms 

live.  

Points to note  

a) Most good agricultural soils have a pH between 5 and 7.  

b) Though acidic soils pose a problem for agriculture due to their lack of nutrients; alkaline soils can pose a 

problem as well.  

c) Alkaline soils may contain appreciable amounts of sodium that exceed the tolerances of plants, contribute 

to high bulk density and poor soil structure.  

d) Alkaline soils are common in semiarid regions.  

4. Soil porosity.  
This refers to the amount of pore, or open space between soil particles. Pores are created by the contacts made 

between irregular shaped soil particles. Fine textured soil has more pore space than coarse textured because you 

can pack more small particles into a unit volume than larger ones.  

More particles in a unit volume create more contacts between the irregular shaped surfaces and hence more pore 

space. As a result, fine textured clay soils hold more water than coarse textured sandy soils. Clay soils are 

therefore sticky and easily moulded  

5. Soil Permeability  
This is the degree of connectivity between soil pores. A highly permeable soil is one in which water runs through 

it quite readily. Coarse textured soils tend to have large, well-connected pore spaces  and hence high 

permeability. Clays are impermeable while sandy soils are permeable.  

6. Soil Colour.  

Soils may be red, brown, yellow or black in Colour. Each Colour is caused by the different forms or degree of 

hydration and concentration of oxides of iron and aluminium.  

 

Soil profile and catena.  
Soil Profiles  
Soil Profile refers to the layers of soil; the vertical arrangement of soil in layers called horizons. A soil horizon is a 

specific layer in the land area that is parallel to the soil surface and possesses physical characteristics which differ 

from the layers above and beneath. The term 'horizon' describes each of the distinctive layers that occur in a soil.  

The horizons are; 

1. Horizon A. This Refers to the uppermost layer of soil, nearest the surface. It is commonly known as topsoil. 

Seeds germinate and plant roots grow in this dark-colored layer. It is made up of leaf litter and humus 

(decomposed organic matter) mixed with mineral particles. It extends down from 0.3 to 0.6metres.  

2. B Horizon.  The B horizon is a zone of illuviation where downward moving, especially fine material, is 

accumulated. The accumulation of fine material leads to the creation of a dense layer in the soil. The soil in 

this horizon has small spaces between the particles.  

3. C Horizon. The C horizon represents the soil parent material, either partially broken down in situ or 

transported into its present location. Horizon C consists mostly of weatherized big rocks. D Horizon This is 

the solid underlying bedrock. 
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4. Horizon D. This represents the unweathered rock or bedrock that lies beneath C horizon. This is the parent 

rock i.e. it is the source of the inorganic content of the soil. 
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Processes affecting the formation of soil profiles. 

a) Podzolization. By this process, podzolic soils are formed. ‘Podzol’ is a Russian word meaning ‘ash underneath’ 

the main operating process is leaching though silica is not affected. Podzols develop in areas that are cool and 

sufficiently wet to permit leaching. 

Podzolic soils have the following characteristics. 

a. Severe absence of bases throughout the soil. This results in a low pH and an accumulation of 

hydrogen clays. 

b. Accumulation of acid organic matter in Horizon Ao which contributes to the intense leaching of bases 

and clays. 

c. Eluviation of iron and humus from horizon A so the A2 layer becomes lighter in colour. 

d. Illuviation of humus, iron, aluminium and clays in horizon B. 

b) Calcification. This is the process where a calcic horizon enriched with secondary carbonates is formed within B 

and C horizons. The soils have a high concentration of lime and are thus referred to as mollisols. For 

example, chernozems. There is minimal or no movement of leached material. It is common in areas of low 

rainfall and in the interior of continents. E.g the temperate grasslands and tropical savanna.  

c) Ferralization. Also known as lateralization, this is the process by which lateritic soils (latosols) are formed.  

The process operates in warm humid regions. the soils formed have the following characteristics; 

a. Deep intensely weathered parent materials. 

b. Rapid circulation of bases between the soil and the vegetation because of an abundance of leaf litter 

and its rapid decay. 

c. Rapid chemical weathering of rocks which releases bases from the mineral fragments into the soils, 

leading to formation of acidic to mildly alkaline soils. 

d. Clays with high silicate content are changed into clays with low silicate content. 

Areas of laterite formation experience rapid leaching and accumulation of hard pans of iron and aluminium 

oxides 

Nb; in Ferralization, unlike in podzolization, silica is leached from the soil while oxides accumulate resulting 

in the hardening of the top layer. 

d) Desilication. This is the removal or leaching of silica instead of iron and aluminium that gradually accumulate 

in horizon A. silica is eventually removed by water. It is a sub-process of lateralization. 

e) Salinization. Increased dryness leads to replacement of calcification with salination. The process involves the 

enrichment of a soil with salt. In this type, soils are leached upwards through capillarity due to excessive 

evaporation.  

f) Solodization. Also reffered to as solonization, it is the removal of salts from the top layers to the lower horizons 

of the profile. It takes place through capillarity, precipitation and leaching. Solodic (solonetz) soils are formed. 

g) Gleization. This is the process of soil formation under waterlogged and anaerobic conditions. Here the rate of 

soil formation is impeded or slowed down. Soils formed under such conditions are called hydromorphic 
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soils. Such soil stays in a permanent state of youthfulness due to poor soil development conditions. 

Gleization may lead to formation of peat in areas of extremely poor drainage. 

Soil Catena. 
A soil catena is a sequence of soils down a slope. Catena therefore illustrates the way in which soils can change 

down a slope where there are no marked changes in climate or parent rock.  
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Factors influencing development of soil catena. 

a) Relief. Slope influences drainage which in turn influences the moisture content of the soil. Soils on steep 

slopes are thin because of the high rate of erosion. On gentle slopes, , they are thick due to the balance 

between erosion and weathering. In valleys, peats or alluvial are common due to deposition. 

b) Drainage. Generally, well drained mature soils are found at hilltops while thin, stony, dry and immature soils 

are found on the steep slopes. 

c) Transport of soil debris. Surface run-off and mass wasting are responsible for the downhill movement of 

sediments. This result in the accumulation of deep soils called colluvial soils on the lower gentle slopes while 

steep slopes are left with thin, stony and immature soils. 

d) Leaching. Minerals, humus and clay may be transferred in suspension in the process of eluviation. 

Soil degeneration  

Soil degeneration means the decline in the usefulness of a soil resulting from either soil mismanagement, 

environmental causes or both. 

It occurs in the following ways; 

a) Physical degeneration. This is the decline in the usefulness of a soil in which the texture, structure, moisture 

and quantity of the soil are affected. It is mainly caused by poor land-use practices like overgrazing and poor 

cultivation. It may also be caused by heavy rainfall that results in excessive soil erosion. 

b) Chemical degeneration. This is the decline in usefulness of the soil due to a change I the mineral nutrients and 

soil pH. It may be caused by poor land-use practices like monoculture and over-cropping and excessive or 

wrong application of fertilizers. 

c) Biological degeneration. This is the decline of organic content of the soil as well as the vegetation cover of the 

soil. . This may be caused by human activities like deforestation and overgrazing. 

Causes of soil degeneration.  

a) Burning of land. The slash and burn methods used in shifting cultivation leads to robbing of the soil s of the 

organic matter through killing of micro-organisms. Humus is burned.  

b) Mono-cropping/monoculture. Soils that are subjected to only one type of crop year after year, lack some 

nutrients that would have been gained from other crops.  

c) Leaching. Through this process, soil nutrients are lost to the lower horizons. Farmers have to use super-

phosphates to replenish the lost content Continuous cropping and over-cultivation.  

d) Change in pH. This is affected by continuous application of fertilizer on land.  Ammonium based fertilizers 

increased soil acidity which interferes with the activities of some micro-organisms.  
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Soil erosion.  

This is the geological process in which soil particles are detached and transported by the various agents, thus 

depleting the original area of its top fertile soil. These agents of erosion include water, wind, glaciers, and gravity. 

The original area depleted of its top fertile soil.  

Types of Soil erosion.  

There are five types;  

a) Splash erosion. This is the detachment and airborne movement of small soil particles caused by the impact of 

raindrops on soil.  

b)  Rill erosion. This refers to the development of small flow paths, which function as both sediment source and 

sediment delivery systems for erosion on hillslopes.  

c) Gully erosion. Moving water may cut down deep and large channels by widening the existing rills. Gully 

erosion occurs when water flows in narrow channels during or immediately after heavy rains or melting 

snow. The process can start with "rills" and end up with gullies that are tens of metres deep.  

d) Sheet erosion. This is the even removal of top-soil by rain-water moving down slope. It involves first 

detachment of top-soil particles by raindrop impact and then their removal downslope by water flowing 

overland as a sheet instead of in definite channels or rills. It is common in Baringo district especially at Loboi 

and Marigat.  

e) Wind erosion. The eddying and oozing effects of prevailing winds in deserts may lead to soil being carried 

away and deposited elsewhere. It takes place after vegetation has been lost and when soil particles are 

loosened.  

Conditions favouring soil erosion.  

Human causes. 

a) Poor cultivation methods. Practices like shifting cultivation leave the ground bare through slash and burn 

activity. The soil is exposed to severe erosion. E.g. in some portions of kerio valley.  

b) Overgrazing/overstocking. When the land is overgrazed, the soils remain exposed. The animals form 

intermeshing paths that form rills and gulleys during the rain seasons. E.g. in Maasai and Baringo districts.  

c) Deforestation. Any continued unplanned cutting of trees caused by clearance of land for agricultural purposes 

and construction, without replacement exposes the soil to agents of erosion like water and wind.  

Natural Causes of Soil Erosion.  

a) Soil Properties: soil texture, structure, water retention capability, etc. play an important role in determining 

whether the soil is susceptible to erosion by various agents of erosion or not. The vulnerability of a piece of 

land to soil erosion depends on the physical and chemical properties of the soil as well. Areas with fine 

textured soils, e.g. volcanic ash, are vulnerable to erosion. E.g. Nyambene hills.  

b) Gradient of Slope: erosion and gradient have a direct relationship. The steeper the gradient, higher is the rate of 

erosion and vice versa.  

c) Mass wasting. Landslides and soil creep accelerate soil erosion. This is the case in muranga, especially 

Kandara and Kangemi divisions.  

d) Climatic conditions. Climate determines the precipitation levels and wind velocity, which in turn effect soil 

erosion. More precipitation means more surface flow, and more surface flow means more area vulnerable to 

erosion by running water. Similarly, if the wind velocity is high, erosion will also be high and Loosened dry 

soils can easily be carried away by windstorms. This is common in Baringo district.  

e) Water Flow: Hydrological cycle, especially the surface flow play a major role in soil erosion. Variation in the 

velocity and type of the flow determines the rate of soil erosion, especially water erosion.  

Impact of soil erosion.  

Soil erosion, when it happens very gradually, has minimal effect on the land with enough time for new soil to 

form. But accelerated erosion has the following effects; 
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a) Desertification. The top productive land is lost during erosion. The land is left bare. The vegetation cover is 

destroyed and thus contributing to desertification.  

b) Pollution. The discharge of agro-chemicals and other chemical pollutants into rivers and lakes after erosion 

interferes with the aquatic life and contaminates the water bodies.  

c) It can be a safety hazard. The eroding land can lead to accidents and soil that shifts and gets deposited on roads 

and streets can make driving difficult.  

d) Decline in agriculture. Since productive land would have been lost through erosion, agricultural productivity 

of the land will be lowered.  

e) Floods. The river channels may be blocked due increased deposition on river beds, emanating from erosion. 

This may contribute to frequent flooding.  

f) Siltation of dams. Water reservoirs along river channels may be silted after erosion in the upper course. This 

reduces their utility for HEP generation and irrigation.  

g) It can cause environmental damage. Loss of soil can make it difficult for natural vegetation to grow in it and thus 

turn a fertile land into a desert.  

h) It can hurt marine animal and plant life. The sediment shifted by water currents and deposited in ponds, can 

cover up fish eggs and prevent their hatching. Or the soil particles stay suspended in water, preventing light 

from reaching marine plants to allow the photosynthesis process and also retaining heat and raising the water 

temperature.  

i) It can lead to financial issues. You need expensive filtration methods to get drinkable water. Soil loss leads to 

crop failure and more financial loss.  

Beneficial effects of soil erosion.  

1. Creation of rich agricultural lands. The deposition of top soils from highland areas into plains and lowlands 

makes the areas fertile lands suitable for agriculture. For example in the lower course of most rivers in Kenya.  

2. Building material. The sand deposited in riverbeds after erosion can be harvested for building and construction.  

Soil Classifications  
According to soil order.  
This is based on the age of the soil in relation to the soil forming factors like topography, climate, time, living 

organisms, Parent rock and gravity.  

There are three types of soils  

1. Zonal soils. 
These are soils in which the climatic factor, acting on the soil for a sufficient length of time, is so strong that it 

overrides the influence of any other factor. Examples include; 

a) Podzols/Pedalfers. These soils are rich in Al and Fe. These are leached soils from which base compounds like 

calcium have been removed leaving only aluminium and iron compounds.  

b) Podzolic soils. They are similar to the Podzols. They only differ in distribution. Podzolics are found in areas 

with deciduous forests and hot humid climates. For example in the Congo basin and Kenya highlands. 

c) Tundra soils. These are soils that occur in poleward treeless area associated with tundra climate. For example, 

the coastal areas of New Foundland, Iceland and northern parts of Canada. The soils are a product of 

excessive moisture (permafrost conditions of the soils) and are poorly drained and consist of bog and 

hummocky marshlands.  

d) Latosols. These are black soils found in volcanic areas where there are basaltic plateaus. They form in 

conditions of high rainfall and temperatures. The soils have low organic content. They are heavily leached 

and therefore not good for agriculture. The areas where they are found in Kenya include Kericho-Sotik 

Plateau, Uasin Gishu Plateau, Trans-Nzoia, Laikipia Plateau, Kapiti and Athi river plains  

e) Pedocals.  These soils are rich in Ca and have little leaching (complete opposite of Pedalfers.). They form in 

arid climates and temperate sub-humid grasslands. 

 The following sub-groups of Pedocals exist;  
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i. Chernozems- Russian name for „black earth‟. These are dark coloured sub-soil with relatively high organic 

matter (rich in humus) and calcareous sub-soil that form in semi-arid lands. They are well drained and 

associated with long grass. Areas where found in Kenya include the bottom of Nyambene Hills in Meru 

and in Isiolo. They are also found in the prairie region of Canada, Texas in USA the downs of Australia. 

These areas they form rich farmlands as they exist on a rolling topography.  

ii. Vertisols. These are clay-rich soils that shrink and swell with changes in moisture content. During dry 

periods, the soil volume shrinks and cracks form. The soil volume expands as it gets wet. They are fine 

textured, plastic and sticky. They are usually poorly drained because of their poor permeability and high 

clay content. Areas where found include Athi plains, parts of Machakos and Kitui districts, Mwea plains, 

Kano plains, Olambwe Valley. 

f) Nitosols. Also known as Alfisols, Nitosols are moderately leached soils that have relatively high native fertility. 

They are deep, porous and friable soils, well aerated, shiny and have a high capacity for moisture storage. In 

Kenya, they are found in Kikuyu plateau and Marsabit hills.  

g) Phenozems – prairie soils /chestnuts soils/ degraded Chernozems. They are dark brown and relatively fertile soils 

common in the prairies of Canada. In Kenya, they are found in Narok district and Athi Kapiti plains in 

Kajiado. The soils are good for growing of cereals.  

h) Sierozems. / Desert soils. These soils form in desert conditions with little seasonal rainfall and high 

temperatures. The soils contain very little humus because of sparse vegetation. They contain plenty of 

calcium carbonate in form of lime crust. Most of the horizons of desert soils contain fragments of parent rock. 

(There is slow weathering of the parent rock.). In Kenya they are founding the northern region  

2. Intrazonal soils.  

The soils are formed under poor drainage conditions. The anomaly of relief, parent material or vegetation is 

sufficiently strong to modify the influence of the regional climate.  

The following types exist;  

a) Hydromorphic soils. These are soils formed in waterlogged conditions in marshes, and flat uplands. The 

soils are further sub-grouped into;  

i. Plano soils. These develop on flat old land surfaces. They are therefore poorly drained and even 

waterlogged. For example in Gusii highlands at Sironga and Esani.  

ii. Bog and Meadow soils. The soils are found in marshes and swamps. For example in Loriani, Yala, 

Lotikipi and parts of Kano plains.  

b) Halmorphic soils. These are soils formed through salination under semi arid and arid conditions. The soils 

have the following sub-groups;  

i. Solonchak. They contain a lot of soluble salts and are saline. They are found in depressions (in playa) in 

arid areas. The leaching process in these kinds of soils is referred to as Solodization. In Kenya, they are 

found in Amboseli, north eastern Kenya, Mt. Kulal and Lake Turkana.  

ii. Calcimorphic soils. They are related to limestone parent rock material and are formed by the process of 

calcification. In Kenya, they are known as xerosols and are found in the limestone areas of the coast and 

north eastern provinces.  

c) Andosols/Andisols Volcanic ash soils. These are soils that have formed in volcanic ash or other volcanic 

ejecta. The soils are fertile, well drained and support extensive agricultural activities. In Kenya, they are 

found on the slopes of Mt. Elgon, Kenya Highlands, Cherangani, Taita Hills and Nyamira.  

Azonal or immature soils.  

These are young soils that have not undergone full sol forming processes. The following are their sub-groups;  

a) Lithosols These are soils that are shallow with thin stony soil structure. They do not have a definite „B‟ 

horizon due to relative youthfulness. They exist on slopes with excessive erosion especially in high latitude 

areas of Kenya. In Britain, they are referred to as Scree soils.  
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b) Regosols. They are made up of deep unconsolidated rock or soft material deposits of alluvium. They therefore 

lack a distinct profile formation. They are common I hilly and mountainous parts of Kenya and other parts of 

the world.  

c) Fluvisols /luvisols (Alluvial soils). These are young Azonal soils developed from alluvium of recent origin. They 

are common along river valleys and mouths of rivers like Tana, Ewaso Nyiro, Nzoia and Sondu. 

d)  Mountain soils. The soils are shallow and vulnerable to soil erosion due to slope steepness. They follow a 

vertical zoning from top to bottom with changes in sequence controlled by the increase in altitude and 

changing climate and vegetation. 

e) Histosols. Histosols are soils that are composed mainly of organic materials. They form in settings such as 

wetlands where restricted drainage inhibits the decomposition. Histosols are often referred to as peats and 

mucks and have physical properties that restrict their use for engineering purposes. If drained, they can be 

used for horticultural production.  

f) Arenosols. The term means arenaccous in Latin because they have a sandy appearance and are largely 

composed of sand or quartz. They are common in coastal areas, north eastern province, and Machakos 

district and Winam gulf.  

Significance of soils.  

a) Gives physical support for the rooting system of plants.  

b) Habitat for bacteria which are necessary for breakdown of organic matter into humus and cycling of carbon, 

nitrogen, calcium, potassium and sulphur.  

c) Medium through which plants absorb water. Soil contains water and air spaces which determine their 

usefulness to plants.  

d) Provides mineral elements, for example, nitrogen, potassium, calcium, iron, phosphorous and manganese to 

plants.  

e) Soils are used in building and construction. E.g. clay for making bricks, sand for construction purpose and 

limestone for cement making.  

f) Soils are used in ceramics like making of pots.  

g) Some soils are used for decorative purposes, for example, ochre, which is used by the Maasai.  

h) Soils are a source of minerals especially to expectant mothers.  

i) Soils contain valuable mineral elements e.g. alluvial gold.  

 

Management and conservation of soils.  

This refers to the measures and controls that are directed at the exploitation and improvement of soil within a 

given environment.  

Common conservation and management efforts;  

a) Contour Ploughing/ contour cultivation. This is an activity by which farmers plough across a slope and follow 

the elevation contour lines. This method prevents water runoff, and thus prevents soil erosion by allowing 

water to slowly penetrate the soil. This is commonly practiced in Machakos and Kitui Districts.  

b) Terracing. A terrace is a leveled section of a hilly cultivated area. It prevents the rapid surface runoff of water. 

There are two kinds of terraces;  

i. Bench terraces. This is where terraces are reshaped in a series of steps to attain the shape of benches.  

ii. Barrier terraces. These are terraces constructed in places where deep gullies have been formed. Terracing is 

commonly done in Taita Hills, Iveti Hills in Machakos. In Kiambu and Muranga counties.  

c) Planting cover crops. Perennial crops like Bananas, tea, and coffee can be planted to prevent soil erosion in 

areas where quick maturing crops like maize or beans are planted.  

d) Crop rotation. It is a method of growing a series of dissimilar crops in an area sequentially. This is done to 

prevent the accumulation of pathogens, which occur if the same plants are grown in the soil, and also 
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depletion of nutrients. It also keeps the soil crump structure to ensure maintenance of soil fertility and 

prevention of soil erosion.  

e) Regulation of livestock. The number of livestock can be reduced to maintain the carrying capacity of the land 

and reduce on overgrazing. Farmers can be advised to rear exotic breeds to improve on quality while 

reducing the livestock.  

f) Afforestation and reforestation. Afforestation is the planting of trees in virgin lands. Reforestation is the 

replanting of trees where they had been cut. This helps to control soil erosion. Roots of trees firmly hold on 

to the soil. When they spread deep into the layers of soil, they contribute to the prevention of soil erosion. 

Soil that is under a vegetative cover has hardly any chance of getting eroded as the vegetative cover acts as a 

wind barrier as well.  

g) Drainage and irrigation activities. This can be done in waterlogged areas. For example in Bunyala swamps. 

Irrigation of marginal and arid lands can make the soils productive. E.g. in Mwea-Tebere region. 

h) Managing the soil pH. The soil pH is what determines the amount of nutrients that the plants can absorb from 

the soil. Soil pH levels can be raised or decreased, as needed, by adding certain chemicals – for example, 

agriculture lime for raising pH level and ammonium phosphate for reducing it.  
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AGRICULTURE 
Agriculture is the cultivation of crops and rearing of animals for food and other products used to sustain and 

enhance human life. 

The word agriculture is a late Middle English adaptation of Latin agricultūra, from ager, "field", and cultūra, 

"cultivation" or "growing. 

Factors influencing agriculture 

Farming decisions are based upon a range of physical, biological, human and political factors. 

Physical factors 

These include climate, relief and soil. 

1) Climate. Temperature, sunshine, moisture and winds are the most influential climatic elements on 

agriculture. 

a) Temperatures determine the length of the growing season which in turn influences the type of crops grown, 

e.g. wheat needs 90 frost-free days. Some rice-growing areas have two or three crops per year. 

Livestock rearing is also influenced by temperature variations. Exotic breeds cannot survive in tropical 

conditions with excess heat.  

b) Sunshine is needed by plants for the photosynthesis process. Intensity of sunshine speeds up the ripening of 

crops and therefore improves quality especially of sugarcane / pineapples, mangoes and other fruits. Dry 

sunny conditions are a requirement in the harvesting of most crops. 

c) Atmospheric moisture (Rainfall) is the most essential climatic element in the growth of crops. Inadequate 

rainfall during the planting season may cause the seeds to fail to germinate. Too much rainfall may cause 

root rot and fruits to rot. Rainfall amounts are important to livestock farming especially where the animals 

depend on natural pasture. 

d) Winds. Hot dry winds blowing over crops can be harmful as the increase the rate of transpiration in plants 

and also dry up the soil.  Strong winds are harmful to crops such as tea and cocoa as the break the branches 

and detach pods. Strong winds in semi-arid areas cause soil erosion which affects the nutrients that are 

available to the plants 

2) Relief. Differences in altitude determine the type of crops that can be grown and the animals which can be 

reared in the region. E.g; 

a) Lowlands, such as flood plains, are good for crops. 

b) Steep slopes hinder machinery and have thinner soils; lower, gentler slopes are less prone to soil erosion. 

c) Tea and coffee crops prefer the well-drained soil on hill slopes. 

d) Temperature decreases by 6.5°C for every 1000 metres gained in height. 

e) Slope aspect has a great influence on the farming activities in the mid-latitudes. South-facing slopes 

receive more sunlight. 

f) Windward slopes are normally wetter than leeward slopes and therefore favour farming. 

g) Livestock rearing is also favoured by gentle terrain where animals can graze with ease. 

3) Soil. Fertility of soil is important; poor soil means lower outputs or larger inputs of fertilizers. Floodplains are 

good for rice because of the alluvial soils. Good drainage in the soil reduces the dangers of water logging. The 

minimum soil temperature for plants is 6 ̊C. application of green and animal manure improves soil 

temperatures. 

Biological Factors 

(The factors caused by biological organisms/ also known as biotic factors.) 

a) Weeds and parasitic plants compete with crops for nutrients. Weeds like lalang and couch grass are 

common in the tropics. Weed control is an expensive undertaking in farming. 

b) Pests and diseases. Insects, birds and mammals (pests) may either be useful or harmful. Some assist in 

pollination and seed transfer, others like ants and beetles damage roots. Ticks attack livestock and spread 

diseases.  
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c) Some living organisms in the soil are important to plant life. E.g earth worms and moles. 

Human factors. 

Social factors 

a) Tradition.  

~ In some communities, food production is the preserve of women and children, who in turn influences the 

amount of land put under farming. 

~ The traditional foods of various communities in Kenya influence the type of crops grown in most parts of 

Kenya. 

~ The animals kept by a community are also dependant on traditional practices. 

b) The land tenure system can affect the type of farming and crops grown. 

c) Religious beliefs in a society can affect agricultural activities. E.g commercial livestock farming cannot be 

practiced among the Hindu because cows are sacred animals. 

Economic factors.      

a) Labour. In LDCs, such as Kenya, farmers use abundant cheap labour instead of machines. In Japan and the 

UK, where labour is expensive, they use machines. 

b) Capital (finance). The farmer needs capital to purchase farm inputs. e.g. machinery, fences, seeds, fertilizer and 

renewing buildings. Good capital investment leads to increased yields will rise and greater profits. 

c) Technology. Greenhouses, with computer-controlled technology, provide ideal conditions for high quality 

crops. Genetic engineering has allowed new plants to be bred that resist drought and disease and give higher 

yields. 

d) Markets. Farmers grow crops which are in demand and change to meet new demands, e.g. switch by rubber 

plantation farmers in Malaysia to oil palm as the demand for rubber has fallen. 

Government/political factors 

a) Governments influence the crops farmers grow through regulations, subsidies and quotas. 

b) Governments offer advice, training and finance to farmers  

c) In new farming areas, governments may build the infrastructure of roads and drainage, e.g. Amazonia. 

d) In some countries, e.g. Kenya and Malaysia, the government is trying to help nomadic farmers to settle in one 

place. 

e) Some governments plan and fund land reclamation and improvement schemes. 

TYPES OF AGRICULTURE.  
There are three categories of agricultural activity: 

1. Arable farming; This is the cultivation and management of crops either for subsistence or commercial 

purposes.  

Subsistence arable farming.  

This is a form of farming in which nearly all of the crops raised are used to maintain the farmer and the farmer’s 

family, leaving little, if any surplus, for sale or trade.  

Farm holdings are small and technology tends to be primitive and low yielding. 

Planting decisions depend on the family need during the coming year, and not market prices.  

Types of subsistence farming; 

a) Shifting agriculture (simple subsistence farming) 

Also known as Slash-and-burn agriculture as it involves clearance of virgin land for cultivation. 

It is practiced widely in the tropical regions of Africa, central and South America. Every farmer grows the same 

type of crops making it rather a static economy. 

In Zambia it is known as Citemene, in Zimbabwe as Milipa, masole in DRC, Roca in Brazil, Ladang in Malaysia and 

taungya in Burma. 

Method of cultivation. 
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~ A patch of suitable virgin forest land is identified and cleared by a combination of felling and burning, and 

crops are grown.  

~ The ashes produced through burning provide potash which improves the soil fertility. 

~ After 2-3 years the fertility of the soil begins to decline, the land is abandoned and the farmer moves to clear a 

fresh piece of land elsewhere in the forest as the process continues.  

~ While the land is left fallow the forest regrows in the cleared area and soil fertility and biomass is restored.  

~ After a decade or more, the farmer may return to the first piece of land. This form of agriculture is sustainable 

at low population densities. 

Disadvantages of shifting cultivation. 

a) There is rapid soil deterioration. Increase in population has led to reduction of the number of fallow land years.  

b) Insufficiency in food production. The farmer depends on the natural land conditions for yield. The diet has 

therefore to be supplemented by hunting, fishing and gathering of fruits. 

c) Exposure of land to soil erosion. Fires in the slash-and-burn method burn vegetation causing serious damage to 

the land and to soil organisms. 

d) It is a wasteful system. Sections of the land stay fallow for a long time. The system can only sustain a small 

population per unit area. 

e) The standard of living of the people practicing this type of agriculture remains low because their produce is 

only enough for home consumption. 

f) The farmers are under-employed for most parts of the year after harvest. 

g) It is only practicable in areas that have sparse population and plenty of free land. 

 

b) Sedentary subsistence agriculture. 

This is advanced subsistence agriculture where the community permanently stays in one place.  

Crop rotation is practiced and more attention is given to the land as well as to the crops grown. Some animals are 

kept for ploughing or to supply milk or meat. More labour is utilized. 

 Fields are also left fallow. The system can support a larger population. 

c) Intensive subsistence farming. 

In this system, farmers intensify on cultivation techniques, including the preparation of paddy fields which can 

be used year after year. 

In very densely populated countries like India and China, farmers use their small land holdings to produce 

enough for their own consumption, while the little remaining produce is used for exchange against other goods.  

In Kenya, it is practiced in Kiambu, Murenga, Nyeri, Kakamega and Kisii counties. 

A lot of labour is required in this type of farming for land preparation, seed sowing, weeding, transplanting and 

harvesting. 

The cultivators use simple tools to produce the crop. It results in much more food being produced per acre 

compared to other subsistence patterns.  

In some countries like India, a large number of cattle are also kept for milk and also to provide cow dung. 

They may also intensify by using manure liberally e.g animal and human dung are used as fertilizer. 

The crops grown in this system vary from one region to the other depending on physical conditions. In Kenya the 

common crops grown are maize, beans, arrowroots and potatoes. 

Commercial arable farming 

Commercial agriculture is large-scale production of crops for sale. 

 In commercial farming crops such as wheat, maize, tea, coffee, sugarcane, cashew, rubber, banana, and cotton are 

harvested and sold in the world markets.  

The following are types of commercial arable farming; 

1) Plantation agriculture 
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This is the cultivation of cash crops on large tracts of land called estates or plantations. The estates can be more 

than 40 hectares each. The crops grown take some years from planting before yielding starts. For example, coffee, 

rubber and oil palm. 

A single cash crop is usually grown under plantation farming (monoculture.) 

Same plantation crops may be grown by out growers or small-holders in the neighbourhood.  

The landowners of such large farms are often large agricultural corporations (in developing countries) who 

possess heavy capital outlay. 

The harvested crop may be processed on farm (or shipped to a processing facility belonging to the farm owners). 

They are then sold to a wholesaler as a complete product, or for further processing elsewhere.  

Problems of plantation farming. 

a) Climatic hazards. Some plantation crops require conditions which are unsuitable for human existence. 

(Constant high temperatures and high humidity). Some climatic conditions like hailstones, frost, hurricanes 

and harmattan winds damage crops. 

b) Insect pests and diseases. The hot and humid conditions of the tropics encourage the growth and spread of 

diseases and pests which affect large areas of crop and humans. 

c) Rapid deterioration of the soil. Due to heavy tropical rains, there is rapid leaching of the soil thus reducing its 

fertility. Application of manure and fertilizers becomes necessary.  

d) Dense vegetation. Such vegetation caused by the heavy rainfall and high temperatures in the tropics poses a 

problem of clearance to establish roads and plantations. 

e) Monoculture. The planting of a single type of crop year after year in each plantation deprives the soil of some 

nutrients and encourages soil erosion. 

f) Indigenization. The bringing of plantations under the control of local people has created management 

problems due to lack of skills and discipline required to run the farms. 

g) Poor management. Some of the managers of plantations embezzle funds meant to run the farms and purchase 

poor quality inputs. 

2. Extensive mechanized grain cultivation.  

This is the mechanized growing of grains on large tracts of land with rainfall not exceeding 660mm.  

Such areas of extensive grain cultivation include the steppes of Eurasia, the Prairies of Canada and America, the 

Pampas of Argentina and the Downs of Australia and New Zealand. 

In Kenya, it is practiced on Uasin Gishu plateau and the Rift Valley areas. The farms are not as large as the ones of 

Canada which are from 240 to 16000 hectares. 

Cultivation is highly mechanized (in ploughing, sowing, weeding, spraying and harvesting) due to the large sizes 

of farms. 

The system involves heavy capital investment in purchase of farm machinery.  

This is also an example of monoculture farming with wheat as the main crop grown. It gives low yield per 

hectare. 

3. Intensive commercial agriculture. 

The type is similar to intensive subsistence agriculture only that it produces crops solely for sale. Soil is utilized 

intensively but great care is taken to ensure maximum yields per area. 

The type is common in areas with shortage of land and near urban areas. E.g, on the slopes of mounts Kenya and 

Kilimanjaro. 

 

Differences between commercial agric and subsistence farming. 

a) In commercial agriculture, the objective is to achieve higher profits through introduction of capital-intensive 

farming techniques. In subsistence agriculture, simple tools and technology is applied. 

b) In Subsistence agriculture most members of a population work to feed themselves, with limited need for 

trade. In commercial agriculture most members of a population do not work in agriculture, are fed by others 

and purchase their food as consumers, with currency.  



Illustrated Lesson Notes In form 3 Geography For Secondary Syllabus 

Copyright@Cheloti 

 
128 

Livestock farming 

This involves keeping or rearing domesticated animals like cattle, goats, sheep, pigs, horses, camels and poultry 

on a farm. 

Pastoralism 

Pastoralism refers to the practice of keeping pasture-dependent animals such as cattle, sheep and goats. It exists 

as either Nomadism or commercial pastoralism. 

Nomadic herding 

In this type of farming people migrate along with their animals from one place to another in search of fodder for 

their animals. Generally they rear cattle, sheep, goats, camels and/or yaks for milk, skin, meat and wool. 

 This way of life is common in areas of sparse population. 

However, the practice is now declining and shifting to more sedentary forms of livestock keeping. 

Communities that practice this type of farming include the Maasai of East Africa, the Fulani of West Africa, the 

Nuba of Ethiopia and Sudan, the Bantu and Hottentots of Botswana, Mozambique and South Africa and the 

Tuareg of Sahara. 

In many parts of Africa cattle is widely kept and are viewed as a symbol of wealth and status. 

Nomads lead very simple lifestyles; 

~ They depend on their livestock for food, clothing and transport. 

~  Animal skin is even used to build temporary shelters.  

~ Recently, the nomads have started growing subsistence crops to supplement their diet. 

~ Uncontrolled breeding is a common feature, resulting in large herds with generally poor-quality animals 

~ Communal land ownership and grazing is practiced resulting in overgrazing and severe soil erosion. 

Transhumance (another feature of Nomadism) is the altitudinal seasonal migration of herdsmen with their 

animals from lowlands to highlands and vice versa. It is common in mountainous parts of Switzerland, Britain, 

Italy, Norway and some parts of USA. In winter, the animals are moved to the lowlands where they are fed 

indoors and in spring they are moved uplands to feed on the fresh pasture. 

Transhumance is practiced on a single farm and therefore it is more permanent. 

In East Africa, the Maasai people move their animals from the plains to hills and back on a seasonal basis. 

Commercial livestock farming. 

This is a sedentary form of animal husbandry in which animals are raised for sale or kept for their products. 

There are two types of commercial livestock farming; 

1. Ranching. This is the rearing of livestock on an extensive scale for commercial purposes. In Kenya it is 

practiced in Machakos, Makueni, Taita Taveta and some parts of the Rift Valley.  

   Main features; 

~ Animals kept include cattle, sheep, goats and horses and mostly depend on natural pasture.  

~ There is no migration generally Since pasture is assured 

~ Ranches are very large and so grazing is controlled. 

~ Scientific management is common in this type of farming.  

~ High breed quality animals are kept through selective breeding. 

~ In Kenya, products from ranching are mainly for domestic market although some are exported. 

In many countries like New Zealand, Argentina, the Netherlands etc, ranching has stimulated development of 

towns and communication facilities. 

In Siberia, Reindeer are kept on ranches in the subarctic regions. 

In Argentina cattle is mainly reared for beef, skin and to a lesser extent, milk. Australia is the world leading 

exporter of wool from its ranches. New Zealand leads in export of Lamb or Mutton. 

Problems affecting development of commercial ranches in Africa. 

a) Climate. Unevenly distributed Rainfall is unevenly distributed in the tropics. The high tropical temperatures 

cause rapid evaporation leading to deficiency of soil moisture. This causes poor vegetation and a shortage of 

pasture and water for the animals. 
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b) Cattle breeds. While the African traditional breeds are of inferior quality, the superior exotic breeds cannot 

survive the climatic conditions in the tropics. 

c) Diseases. Tropical cattle diseases like anthrax, rinderpest, tick fever, foot-and –mouth disease and Nagana 

slow down the development of the livestock industry. 

d) Traditional farming practices. The keeping of large herds of animals as a symbol of wealth and prestige has 

slowed down the modernization process in the livestock industry. 

e) Capital for development. There is a general shortage of capital in many tropical countries for developing 

modern commercial ranching. 

2. Dairy farming. This involves rearing cattle with the purpose of getting milk. It  is a highly intensive form of 

livestock farming. Milk is produced for consumption in nearby towns and industrial centres. It is widely 

practiced in Britain, Denmark, the Netherlands and Switzerland in Europe, in the regions south of the Great 

Lakes in North America, in Japan, Australia and New Zealand. In Kenya, it is practiced in the highlands  

Mixed farming 

In this type of agriculture, crops are grown and livestock reared on the same farm. This type of farming is 

common in highly developed parts of the world like north-western Europe, eastern parts of USA and parts of the 

former USSR. Farming is very intensive and generally highly specialized 

The type of farming provides the farmer with food security since he can turn on the other item if the one he was 

to depend on does badly. 

Mixed farming is an intensive type of farming requiring heavy capital investment for machinery, inputs, 

buildings and wages. 
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AGRICULTURE 2: CROP FARMING. 
Most crops in Kenya are grown mainly in the southern parts of the country due to the following reasons; 

a) The climatic conditions of the south are suitable for a variety of crops to be grown. 

b) The soils are either volcanic (in the highland areas) or rich alluvial (in lowland of the lake region). Such soils 

are highly fertile. 

c) The region has a high population which is a source of labour and market. 

d) The colonial government and European settlers introduced cash crops in these regions because they found 

the natural conditions for crop-growing suitable.  

           Distribution of cash crops in Kenya (map) 
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TEA FARMING IN KENYA 

Tea (botanical name- Camellia sinensis) is a beverage made from the leaves of a tropical shrub.  

Originating from Yangtze valley in china in the 6thC, tea was first introduced in East Africa in 1900 at Entebbe in 

Uganda.  It was then introduced in Limuru in 1903. 

Requirements for tea cultivation. 

Physical requirement. 

a) Temperature. It grows well in areas of Temperatures of between 15oC and 30oC throughout the year and more 

than 21oC during the growing season -Frost free conditions 

b) Rainfall. High well-distributed rainfall throughout the year of between 1000 and 1750mm per year. The 

highlands of Limuru have these conditions. 

c) Soils. Deep, light and well-drained soils. Soils should be slightly acidic with a pH of between 4 and 6. Volcanic 

soils of the Kenya highlands have these qualities.  

d) Altitude and relief. Gently sloping or undulating land for good drainage. High altitude of between 1500 and 

2200m ASL. Beyond this altitude, the crops may be affected by frost. 

e) Windbreaks. Well shaded areas from strong winds and sunshine for protection of tea bushes. Windbreaks are 

planted at the edges of plots to break wind and reduce damage. 

Human requirements for tea cultivation. 

a) Labour. Tea cultivation and processing are labour-intensive especially in field preparation, weeding, pruning 

and picking of tea leaves which goes on though out the year. 

b) Transport routes. Since tea leaves are highly perishable, good passage roads are essential for quick delivery to 

processing firms. 

c) Tea factories. They must be located within or in the neighbourhood of the tea farms since the leaves are 

perishable. 

d) Availability of capital. Capital is needed to pay for labour which is required on a weekly basis for land 

preparation, planting, weeding and regular picking. 

Cultivation of tea. 

The main variety of tea grown in Kenya is the Assam and China species.  
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a) The Assam type is also grown in Sri Lanka and India and has wide, large and long green leaves which usually 

point downwards. It is idea for large scale commercial cultivation. Unpruned plant can grow upto 9 metres. 

b) The china variety is shorter and has short, narrow and dark-green leaves which also point downwards. It can 

grow to a height of 4.5m if unpruned. 

c) The hybrid variety- a cross breed of the Assam and china type also exists 

Cultivation. 

Tea cuttings are raised in a nursery in light soil put in polythene bags with holes at the bottom for free drainage, 

for a period of 6 to 10 months.  

Regular watering is essential to ensure the young plants do not dry up. 

 Land for planting is cleared and couch grass eradicated if there. 

When the cuttings attain a height of 20 cm, they are then transplanted.  

Holes of 40cm depth and 25cm width are dug at intervals of 0.7m or 0.9m with rows 1.5m apart 

Fertilizer (double phosphate and potassium sulphate) may be added to the soil depending in the soil type. 

Young tea plants may be intercropped with other crops such as oats and beans (nurse crops) to help prevent soil 

erosion from wind and water and act as mulch. 

Tips of the plants in the tea bushes are often cut off to encourage the plant to form more bushes (formative 

pruning). Pruning continues until the top of the plant attains a height of between 1.2 and 1.5m (plucking table) 

Harvesting. 

Harvesting starts when the tea attains age of 2 years. Optimum production however is attained at age 5 years. 

Two topmost leaves and a bud at the tip of each shoot, including the tender stem are plucked. 

The plucked leaves are thrown in a basket which is strapped on the picker’s back.  

The leaves must not be pressed while in the basket nor collected in one hand while plucking to avoid breaking 

leaf surfaces and set off premature fermentation. 

A tea bush is usually plucked every 5 to 7 days in rainy conditions and every 10 days in drier season. 

Every 3 to 4 years, the tea bushes are pruned and all the formative leaves are removed, leaving a bare frame on 

which new leaves and shoots grow. 

If handled well, a tea plant can produce for upto 50 years before uprooted. 

 Processing.  

At the factory Leaves are first weighed then withered or dried to remove moisture, by spreading them on large 

troughs for 20 and 24 hours. Hot and cool air is alternately blown over them. Leaves must not lose more than 50% 

of their moisture at this level. 

Leaves are then rolled mechanically between rollers to break the fibres and in the process release the natural juices 

which help to develop the tea flavour during fermentation. 

After crushing, Leaves are then fermented to reduce the amount of tannic acid without affecting the flavour. This 

process is known as souring. Leaves at this stage turn brown in colour. 

Leaves are then roasted and dried over fire until they are black in colour. This reduces the moisture to about 3% 

The tea is allowed then to cool overnight. 

They are then sieved to eliminate stem and other unwanted particles. 

After sieving and sorting, tea is graded and packed for export. 

Some of the tea is blended locally. 

Distribution of tea growing areas in Kenya. 

 

 

Tea Growing Areas in Kenya (Map) 
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Marketing. 

The Kenya Tea Development Authority (KTDA) is in charge of tea sales in all the current market outlets. This it 

does by performing the following functions. 

a) Acts as a cooperative to the farmers.  

b) Finance many tea manufacturing industries all over the country. 

c) Growing areas have benefitted in terms of employment opportunities 

d) Has improved transport through construction of feeder roads. 

e) Markets tea on behalf of tea farmers. It ensures prompt collection of payment from all the tea buyers. 

f) Enhances relation of Kenya and other countries as a major tea exporter 

g) Offers loans to farmers 

h) Provides government with revenue by marketing its tea. 

The existing market outlets for tea in the country are; 

a) Mombasa Auction which handles 75% of the tea sales for small scale farmers. It is conducted under the 

supervision of the East African Tea Trade Association (EATTA) 

b) Kenya Tea Packers Limited (KETEPA) which handles 7% of the sales. KETEPA (the largest tea –packing 

company in Africa) grades, blends and packs some of the tea. It sells a lot of tea to the local market and 

exports the superior quality. 

c) Direct sales to local and overseas buyers which accounts for 15% of the sales where KTDA deals directly with 

interested buyers who may not be interested in the tea auction. 

d) Factory Door sales accounting for 3% involve selling tea directly to the farmers from the factory. 

Key points about tea and Kenya’s Economy. 

 Tea is the leading forex earning export crop in Kenya. 

 Kenya is the largest producer of tea in Africa  as it accounts for almost 50% of Africa’s total export 

 98% of Kenya’s tea is used to improve and blend the tea which is produced in other countries. 

 Kenya ranks among the top six largest producers of tea in the world. 

Economic significance of tea to Kenya’s economy. 

a) Tea earns the government foreign exchange. 

b) It is a Source of income to tea farmers. 

c) Tea growing Provide employment to farmers/workers. 

d) It Supplies raw materials to tea processing factories. 

e) Tea growing has promoted development/improvement of transport/access roads. 

Problems facing tea farmers in Kenya 

a) Pests like black tea thrips, red spider mites, red crecise mite and weevils and beetles  and diseases like 

armillaria mellea that cause root rot, reduce quality of the tea. 

b) Some farmers experience inadequate capital to buy seedlings and other inputs. 

c) Hailstones which destroy the crop in Kericho and Nandi hills. This problem is solved through cloud seeding-

spraying the clouds with silver iodide which induces condensation. 

Large plantations of tea (tea Estates) in Kenya are found in Kericho and Limuru with 

small scale out growers in the vicinity of plantations or near tea factories. 

The Kenya Tea Zones Conservation, formerly Nyayo Tea Zones were established in 

the 1980s on the fringes of some main forests in the Kenya Highlands. 

The main tea growing areas in Kenya are the highlands east (Nyambene Hills of Meru, 

parts of Kirinyaga county, Nyeri, Kiambu and Muranga Counties) and west of the rift 

valley (Kericho, Sotik, Nandi, Kisii, Kakamega and Cherangani Hills) 
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d) Competition from other crops like coffee and maize which reduce the total land area for tea. 

e) Poor infrastructure causes delay in transport of tea leaves to the factory 

f) Mismanagement of funds by tea officials causing delay in paying farmers 

g) Fluctuation of world market prices affecting farm operations 

h) High production cost which require more capital  

i) Soil exhaustion due to monocropping which lowers yield and quality 

j) Prolonged droughts in some areas which causes the crop to wither. 

k) Shortage of labour in some tea-growing areas especially where most young people have moved to the towns. 

 

SUGAR CANE FARMING IN KENYA. 

Sugar cane is a tall, coarse grass belonging to the saccharum family, resembling Napier grass and growing to a 

height of 4.5m. In Africa, it was first introduced in Natal, South Africa. In Kenya it was introduced by an 

Australian farmer in 1902. 

Conditions that favour Sugar cane growing. 

Physical conditions 

a) Temperature: Sugarcane requires a hot climate with temperatures between 21 ̊C and 27 ̊C throughout the year. 

b) Rainfall: it requires abundant rainfall of at least 1,270 mm annually, if it is to be grown without irrigation. 

However a rainfall of over 2000mm is too much for the crop as it tends to dilute the sugar in the cane. 

c) Dry season. The weather should be dry and sunny when it is almost time for harvesting to increase sugar 

accumulation in the cane and to make the harvesting and transportation of the cane from the field easier. 

d) Soils: A variety of soils can support sugar cane growing as long as it is deep well drained fertile soils and 

which can retain water without stagnant conditions. 

e) Topography: The areas should have flat topography, which allows for mechanization of farming and irrigation. 

f) Altitude: Sugar cane grows well  at altitudes of between sea level and 1600m 

Human requirements. 

a) Infrastructure: A good infrastructure of well maintained feeder roads is needed for transporting cane to the 

factories. 

b) Labour. Sugar cane growing is labour intensive especially for field preparation, planting, application of 

fertilizers, weeding, harvesting and loading to Lorries. 

c) Availability of factories. Processing factories must be located within the plantations or the neighbourhood for 

quick processing of the cane before drying. 

d) Availability of capital. A lot of capital is required to pay workers in the field on daily basis, and to buy 

machinery 

Cultivation of sugarcane. 

Land is prepared by ploughing using wheeled tractors and conventional ploughs and harrows 

Shallow furrows are made across the field at intervals of 1.2 and 1.8m apart. 

Sugar cane is grown from pieces (cuttings) of older sugar-cane stems of between 8 and 14 months old. 

Each of the cuttings atleast with three nodes is laid horizontally in the furrows, one next to the other. Fertilizer 

(DAP) is applied.  

The setts (cuttings) are then covered with light soil. 

Roots form at the nodes while the buds on the node produce stems. 

Nitrogenous fertilizers are applied on top of the soil covering the plant, when the plant begins growing at a fast 

rate (top dressing). 

Weeding is done three or four times before harvesting. On large plantations, tractors are used to weed between 

the rows. Weeds may also be controlled using herbicides. 

Harvesting is done by hand at 18 months using a sharp panga. 

Processing of Sugarcane. 

~ Harvested canes are transported to the factory using either Lorries or tractors. 
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~ The canes are mechanically cut with rotating knives called shredders 

~ The cut cane is then washed with sprayed water before being crushed between the rollers to obtain juice. 

~ The fibre that is left after the juice has been squeezed out is called bagasse. 

~ The Juice is then passed over filters to remove any impurities. Water from the juice is removed by boiling in 

the evaporators 

~ The juice forms syrup. It is then boiled with lime in a vacuum where it results into formation of sugar 

crystals. 

~ The Crystals are put in Centrifugal machine which consists of perforate drum which separates molasses from 

the sugar. This is the refining process. 

~ The sucrose/sugar is then dried, packed and weighed ready for market. 

Distribution of Sugar cane farming areas in Kenya. 

Sugar cane is grown in the following areas; 

a) Nyanza Belt. Muhoroni, Miwani, Chemilil, Songhor, Koru, and Awendo in South Nyanza. 

b) Western Region Sugar Belt.  Nzoia in Bungoma, Kabras, Butali and Mumias in Kakamega County and Nambale 

in Busia County. 

c) Coast Region Sugar Belt. In Ramisi though production stopped in the 1970s. 

Marketing of Sugar. 

Production and marketing of sugar in Kenya is done by the Kenya Sugar Authority. 

Most of the sugar is sold locally to wholesalers while some of it is sold to sugar related industries.  

Importance of sugar to Kenya’s economy 

a) The establishment of sugar mills in the growing areas has contributed to industrial devilments in Kenya. 

b) The Sugar industry provides employment to thousands of workers such as those working in the factories and 

in plantations. 

c) It is a source of income for the small scale sugar cane farmers from the sale of sugar cane. This helps in raising 

the standards of living. 

d) Thousands of people are also employed in sugar-related industries such as the soft drinks industry, chocolate 

manufacturing and juice-making. 

e) It has contributed to the growth of towns in the growing areas. For example, Awendo, Muhoroni and 

Mumias. 

f) Sugar production in Kenya has saved the country the foreign exchange that could have been used for its 

importation. 

g) Some sugar industries like Mumias are taking care of their workers’ welfare by building schools, houses, 

health centres and offering scholarships for further education. 

h) Sugar processing has stimulated infrastructural development of roads to the growing areas. 

Uses of sugar. 

a) White sugar is used as a sweetener for a whole range of foods and beverages. 

b) It is used in the manufacture of sweets, chocolates, spirits, soft drinks and juices. 

c) It is used as a sweetener of syrup in the food-canning industry. 

d) The brown coarse sugar and molasses are used in the manufacture of local brews. 

e) Molasses is used as a sweetener for livestock feeds. 

f) Molasses is used to manufacture ethanol, acetone and ethylacetate. 

g) The filter cake which results from the process of filtration is used as manure for cane since it has a high 

concentration of calcium, nitrogen and phosphates. 

 Problems that affect sugarcane farmers in Kenya 

a) Attack by pests like the white scales (Aulacapsis tegalensis) which causes the plants to wither during the dry 

periods, the white grub (Schisonzycha spp) - pests which live in the soil to feed on roots of the sugar cane plant. 

Termites are also a menace. 
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b) Diseases like smut-fungal disease that makes the stem fibrous with black spores, ratoon stunting that causes 

red spots in the nodes and Sugar cane mosaic that stunts the crop. 

c) Occasionally unfavourable weather which delays sugarcane maturation and may delay sugar cane 

harvesting. 

d) Fire outbreaks during dry season, which destroys large areas of sugarcane annually. 

e) Stiff competition from cheap imported sugar from the COMESA countries. 

f) Mismanagement of sugar factories has resulted in their closure. E.g Ramisi Sugar factory was closed in the 

1970s. 

g) Some of the Sugar factories are unable to cope with the supply of cane from the out growers since their 

production capacity is low as the technology they use is not upto date. 

h) Some Sugar millers are unable to adequately pay for the cane purchased from the out growers. This causes 

the farmers to refuse to supply their cane to them. 

i) Strikes by transporters and farmers have had a negative impact in sugar production. 

 

MAIZE FARMING IN KENYA. 

Maize is an annual crop which belongs to the grass family. Its Botanical name is Zea Mays. In Kenya, it was 

introduced by the Portuguese at the coast in the 15th Century. 

Requirements for the growth of maize. 

Physical requirements. 

a) Temperatures. Maize requires Moderate to high temperature ranging from 100C to 300C. Night temperatures of 

about 140C and not below 10̊ C to ensure frost free conditions. 

b) Rainfall. Moderate to high rainfall of between 300mm in dry areas and 1800mm in wet areas.  Sufficient 

rainfall during the first five weeks of growth and during the maturing period for seed, cob and strong stem 

formation. 

c) Soils. Deep, well drained, fertile nitrogenous soil is ideal for maize growth. 

d) Altitude. Altitude of between 1800m and 2900m ASL. However, different varieties of maize tolerate different 

altitudes.  

e) Topography. Well drained gently sloping plains and plateaus that allow mechanization.  

f) Sunny/dry season for ripening. 

Human requirements. 

a) Labour. Maize cultivation requires sufficient labour especially in field preparation, sowing, weeding, 

harvesting, shelling and packing. In Kenya, these are manual activities. 

b) Transport routes. Though not perishable, good passage roads are essential for delivery of harvested grain to 

the mills. 

c) Storage. Good and sufficient storage facilities are needed by the farmers to store the grain after it has been 

harvested and before it is sold. 

d) Availability of capital. Capital is needed to meet the cost of production like payment for labour, purchase of 

inputs and transportation of the grains to mills. 

Distribution of Maize growing areas in Kenya. 

 

Map showing maize growing areas. 
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Cultivation of maize. 

The land is cleared depending on its original state. Ploughing is done. This is influenced by the size of the land 

and tertiary tillages may always be necessary. 

Seeds are shown on the onset of rains. This is done manually by dibbling or mechanically by maize planters. Two 

seeds are sown in each hole at a depth of 2.5 to 5 cm in moist soils and 10 cm in dry soils. 

Fertilizer is applied during planting. Grapping and thinning is done to remove week seedlings. 

Nitrogenous fertilizers are added when the crop is 30- 45 cm high immediately after weeding.The crop is ready 

for harvesting in 4- 12 months depending on the seed variety and the altitude of the place. 

Harvesting. 

Maize is harvested in the dry season to avoid incidents of grain rotting in the field.  Maize is usually left to dry 

while still on its stalks. The cobs are manually removed from their husks by hand and taken to the storage area. 

The maize is periodically put out in the sun until the grain is completely dry before shelling is done. After 

removing the cobs, on large farms, the stalks are reploughed back into the soil to add to soil fertility 

Processing. 

When maize is sold to the millers, it is first weighed and then put on trays to remove any undesirable grain and 

broken cobs. Other tiny impurities like soil or rock particles are removed through sieving. 

The maize is then passed through a milling machine which grinds it into flour according to desired grades. The 

flour is then packed in small packets and sacks according to desired weight and then stored in a cool dry [place 

ready for marketing/consumption. 

Marketing of Maize. 

Before liberalization in 1992, farmers only used to sell their maize to the National Cereals and Produce Board 

(NCPB). Currently the board is competing with other maize buying agents on the market 

Farmers have very little say on the price of maize in Kenya. the Government has started buying maize from 

farmers at favourable prices. 

Importance of Maize to Kenya’s Economy. 

a) The crop provides food to millions of Kenyans. 

b) It has contributed to the growth of the livestock industry by providing the animal feeds. 

c) The growing of maize provides employment to thousands of kenyans such as those working on maize farms 

and maize mills or trading in maize.. 

d) It is a source of income for the small scale maize farmers from the sale of the crop. This helps in meeting 

their obligations like educating their children and raising the standards of living. 

e) Thousands of people are also employed in Maize-related industries such as the animal feeds and snacks 

processing industries. 

f) It has contributed to the growth of towns in the growing areas. For example, Kitale. 

g) Maize growing has stimulated infrastructural development of roads to maize growing areas like Trans 

Nzoia. 

In the highland areas, where the Kitale Hybrid is grown, the areas include Trans Nzoia, Uasin 

Gishu, Kericho, Nakuru, Nandi, Bungoma, Kisii, Kisumu, Busia, Kakamega and Taita Taveta. 

In medium altitude areas with low rainfall where the Embu variety is grown, the areas include 

Aberdare and Northern regions, West Pokot, Keiyo and Marakwet. 

In the relatively dry areas, the Katumani varieties are grown and the areas include Kitui, 

Machakos, Makueni, Kajiado, Isiolo and drier parts of Embu and Mbeere 

In the coastal lowlands, varieties developed at Mtwapa are grown. 

Large scale maize farms in Kenya are found in Trans Nzoia, Uasin Gishu, Bungoma and Nakuru 

Districts. Most of the parts of the country experience small scale maize growing. 
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Uses of maize. 

a) It is used as human food either as fresh grains, dry grains, and flour for porridge or ugali.  

b) It is used in making local brew. 

c) Maize is used to make Animal feed; for example, Silage or maize bran. 

d) Maize is used to make Industrial products; eg. Salad oil for cooking. 

e) It is a source of fuel; stokes and cobs. 

f) Manure; when stalks and cobs are incorporated into the soil, they provide organic manure.        

Problems facing maize growing in Kenya 

a) Farm inputs are expensive and therefore farmers cannot afford them. 

b) Inadequate storage facilities forcing farmers to sell their maize at throw-away prices. 

c) Price fluctuation which lowers farmers’ morale. 

d) Pests (e.g. corn earthworm & stack borers and diseases e.g white leaf blight) reducing yields. 

e) Adverse weather conditions which leads to reduced maize yields. 

   

COCOA FARMING IN GHANA. 

Its Botanical name is Theobroma cacao and was first grown in the lowlands of Central America wildly. In Ghana, it 

was introduced in 1879 from the island of Fernando Po by a Ghanaian Blacksmith. 

 

Conditions favouring the Growing of Cocoa  

Physical conditions. 

a) Temperature. Cocoa plants require high temperature of not below 26oC throughout the year. 

b) Rainfall. Heavy and well distributed rainfall of between 1300-1500mm throughout the year. A slightly drier 

period during harvesting is preferred. 

c) Humidity. High relative humidity of 75% throughout the year. 

d) Sunshine. Sufficient sunshine is required especially when pods are ripening. 

e) Shade for the young plants from the intensity of heat and pods from direct sunshine. 

f) Soils. Loamy volcanic and clay soils rich in iron and potassium are ideal for cocoa growth. 

g) Relief. Lowland conditions with high temperature and not influenced by strong winds.                                               

Human Requirements. 

a) Labour. Cocoa farming requires a lot of manual labour in harvesting and processing. 

Cocoa cultivation.  

A piece of land in the forest is cleared. Good seeds from the previous harvest are selected and planted in nurseries 

in March or April. Holes are then dug 3 metres apart in the field.  

The seedlings are ready for transplanting after 4 to 5 months in the nursery. Food crops like cassava, yams and 

bananas are grown alongside the young cocoa plants to serve as nurse crops and provide shade for the crops. 

They also earn the farmer some income before cocoa harvesting starts. 

 Under favourable conditions, the cocoa plants start flowering at three years but harvesting start at five years. The 

optimum bearing age is 15 to 20 years old. The trees are constantly pruned of any small branches that may grow 

after it is five years old.  

Harvesting. 

Harvesting is done twice a year. The pods are harvested using long sharp knives. They are then split with a sharp 

knife and beans and pulp are scooped out by hand. The beans are put in heaps on mats and covered with banana 

leaves. They are allowed to ferment for 5-6 days during which the juicy pulps drain away. The fermented beans 

are washed and cleaned. 

Beans are spread on table covered with mats to dry in the hot sun. They are turned frequently as they dry slowly 

they turn brown. Dry beans are put in sacks and sent to the buying centre. At buying centers the dried beans are 

weighted and graded ready for export.  

Distribution of cocoa farming in Ghana 
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Map showing cocoa growing areas in Ghana 
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Importance of cocoa to Ghana’s economy.  

a) Ghana is the second leading producer of cocoa after Cote d’ivore. Cocoa exports account for at least 60% of 

the total export earnings of Ghana 

b) It is a Source of income to cocoa farmers which helps them to improve their livelihood. 

c) Cocoa growing Provide employment to farmers. 20% of the working population is employed in Cocoa 

production. 

d) Cocoa production has stimulated industrial development in Ghana. 

e)  It has promoted development access roads to link the growing areas and collection /processing centres. 

Uses of cocoa. 

a) Used as beverage. 

b) Making cosmetics. (cocoa butter) 

c) Manufacture of cocoa butter.) 

d) Making of sweet, ice cream and flavoring. 

Problems facing cocoa farming. 

a) Pests like capsid bug which sucks the pulp in the pod and tree, and mealy bug which spreads the swollen shoot 

disease destroy the crop. 

b) The Strong harmattan winds break the branches and cause premature ripening of pods. 

c) Fluctuation of prices in the world market discourages the farmers. 

d) The low prices paid for the crop also discourage the farmers. 

e) Poor transport facilities make it difficult for the farmers to deliver the crop in time. 

f) Labour is sometimes in short supply to delay in harvesting.  

 

OIL PALM FARMING IN NIGERIA. 

Oil palm is a tropical tree whose botanical name is Elaeis guineensis and its growth origin is in West Africa. It 

grows at an altitude level of 1000m ASL wildly but is also cultivated in some areas. It can grow to a height of 8 

metres and bears egg-shaped fruits that grows in bunches with each bunch carrying upto 1000 fruits and 

weighing upto 50kg. 

Conditions favouring oil palm farming. 

Physical conditions    

a) Temperature. The crop requires High temperatures throughout the year of between 20oc and 26oc.   

b) Sunshine.  Oil palm requires plenty of sunshine during ripening period. 

c) Rainfall. High rainfall between 1500mm and 2100mm evenly distributed throughout the year is required. 

d) Soil. Deep, porous, well drained soils especially forest soils rich in humus favour the growth of oil palm. 

e) Relief. Oil palm requires undulating relief of the land which less exposed to wind provided other factors are 

favourable. 

f) Humidity. High relative humidity is essential for the growth of the trees. 

Cocoa growing is confined to the rainforest zone south of 

Mampong Escarpment since other parts have poor sandy soils 

and lower rainfall than required for growth of cocoa.  

The higher altitude areas discourage cocoa growing due to 

exposure to harmattan winds. 

The main cocoa growing areas are the Akwapim area (East of 

lake Volta), the cocoa belt (from Koforidua north of Accra 

through Kumasi to Sunyasi).  
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g) Windbreaks. Trees should be planted at the edges of the plots to break the force of wind. 

Human requirements.  

a) Labour. Oil palm cultivation requires a lot of labour for clearing the land, tendering the seedlings while in 

nursery, field preparation, weeding and processing of the harvested fruits. 

b) Transport routes. Since the harvested fruits are highly perishable, good passage roads are essential for quick 

delivery to processing factories. 

c) Factories. They must be located within or in the neighbourhood of the oil palm farms since the oil palm fruits 

are perishable and must be processed same day. 

d) Availability of capital. Capital is needed to pay for labour to maintain the feeder roads and vehicles as well as 

factories. 

Cultivation. 

Good seeds from the previous harvest are selected or provided by the research institutes and first planted in 

nurseries. The young plants are watered and sprayed against attack by insects, pests and diseases.  

The area for planting is then cleared. Holes are then dug 9 metres apart and in rows also 9m apart in the field. The 

seedlings are ready for transplanting after 4 to 5 months in the nursery. 

Food crops like cassava, yams and bananas are grown alongside the young oil palm plants in the early periods. 

They serve as nurse crops and provide shade for the crops and earn the farmer some income before cocoa 

harvesting starts. The oil palm plants start bearing flowers at three years but the fruits take upto six months to 

mature.  

Harvesting. 

Harvesting is done by cutting the bases of the bunch using long sharp curved knives. The harvested fruits are 

then immediately collected and transported to the factory in Lorries. Fruits are harvested every 5 to 10 days all 

year round. 

Processing.  

After delivery to the factory, the fruits are weight. They are off-loaded into tube – like cages or trunks.  The fruits 

are stripped off the stocks and other unwanted materials. The fruits are put in digesters for further cooking to 

soften them into pulp. The pulp is separated from the Kernel. The pulp is then passed through oil-extracting 

machine to extract oil. The Kernels are also crushed to remove shells and extract Kernel oil for export. 

Distribution of oil palm farming areas. 

Oil palm growing areas- map. 
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Marketing of palm oil. 

A lot of palm oil and kernels are locally consumed within Nigeria by homesteads and industries 

Nigeria exports less than 505 of the total palm oil to Great Britain, Western Europe and USA.  

Importance of palm oil to Nigeria’s economy. 

a) Oil from oil palm is used to manufacture variety of products which would have been imported saving the 

government foreign exchange. 

b) Many people are employed during cultivation harvesting and processing raising their living standards. 

c) New industries using palm oil Kernel have been established contributing to industrialization. 

d) Farmers get regular income from selling oil palm products which improves their standards of living. 

Oil palm growing is carried out on the rainforest 

zone of the southern and south eastern region of 

Nigeria and mainly by small scale farmers who 

account for 90%. 

The plantations, which account for 10% are 

mainly found at Sapele and Calabar.  
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e) Palm oil is exported to earn foreign exchange to the country. 

Uses of palm oil and oil palm trees 

a) Used for production of soap and paints  

b) Used for cooking  

c) Sap from the stem used to produce palm wine  

d) Kernel used for manufacturing cosmetics hair oils and pomades. 

e) Palm leaves used for roofing houses. 

f) The leaves are used for making baskets, brooms, hats and mats. 

g) The shells and fibres are used as fuel. 

h) The stems are used as building poles. 

Problems facing oil palm farming. 

a)  Attack by diseases. The young oil palm trees are vulnerable to various insect pests and diseases. E.g, 

anthracnose- a pest that attacks leaves and blast, which is a root disease that causes them to rot. 

b) Low yields as farmers grow low yielding varieties. 

c) Poor traditional farming methods. 

d) Low input application/mechanization. 

e) Competition from food crops. 
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AGRICULTURE 3; RELATED STUDIES. 
Coffee farming in Kenya and Brazil. 
Coffee tree has origin from the Ethiopian highlands at Kaffa District- hence name coffee. The first commercial 

cultivation of coffee was by the Dutch in the 18th C  

Coffee was introduced in East Africa from the Re-Union islands by the missionaries, first to Tanzania in 1883, 

then to Kenya by St. Austin’s missionaries via Kibwezi, Taita and Bura. 

Distribution of coffee growing areas  

Kenya. 

Coffee growing areas (Map). 
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Brazil. 

It is mainly grow in the south- Eastern highlands to the west and north-west of Sao Paulo. 

Map of Coffee growing areas in Brazil.  
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Factors favouring coffee growing  

In Kenya.  

a) Temperature. The temperature range is 140C – 260C. Arabica variety can however tolerate higher temperatures 

upto 300C with adequate moisture. Night temperatures not below 100C. 

b) Rainfall. Arabica variety requires High rainfall of between 1100mm - 2030mm per year well distributed 

throughout the year. Highland Areas of rainfall below 1000mm are supplemented with overhead irrigation. 

c) Altitude. Though Arabica coffee is grown in high altitudes, it requires gently sloping landscape. The suitable 

altitude range is 910 and 2100 m ASL.  

d) Soils. Deep, fertile, well drained soils preferably red volcanic soils or medium loams that can retain some 

water and with a pH of between 5.3 and 6.0 are preferred. 

e) Labour. Coffee cultivation requires a lot of manual labour for field preparation, planting, weeding, pruning, 

manuring, and processing of the coffee berries. 

f) Transport routes. Coffee growing areas require good passage roads are essential for quick delivery of coffee to 

processing factories and to the market. 

It is grown in atleast all the regions of Kenya except in Northern region which is too dry 

for the crop. 

Main growing areas are in Kiambu, Muranga, Nyeri and Kirinyaga Counties. It is also 

grown in Meru, Embu, Machakos and Makueni Counties. It is grown in Wundanyi Sub-

county of Taita Hills, in Mount Elgon Sub-county in Bungoma County. 

Some Robusta variety is grown in Bungoma, Busia, Kakamega, Vihiga, Kisii, Nyamira 

and Kisumu Counties. 

In Nairobi County, some coffee is grown along the areas that border Kiambu County. 
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g) Availability of capital. Capital is needed to pay for labour to maintain the feeder roads and vehicles as well as 

factories. 

In Brazil.  

a) Temperature. Like in Kenya the Temperature in the growing areas range from 140C – 260C. 

b) Rainfall. The mean annual rainfall for coffee growing is 1500mm with a long dry season between May and 

September which allows for the berries to ripen. 

c) Altitude. The Brazilian plateau around Sao Paulo is undulating rising from 300 to 915m ASL.  

d) Soils. The terra Rosa in south-eastern Brazil are Deep, fertile, well drained and of volcanic origin. 

e) Labour. Coffee cultivation in Brazil also requires a lot of manual labour from field clearing through weeding, 

harvesting and processing. 

f) Infrastructure. Coffee growing areas have good passage roads, railway network and special cables essential for 

quick delivery of coffee to processing factories and to the market. 

g) Availability of capital. Capital is needed to pay for labour to maintain the feeder roads and vehicles as well as 

factories 

Methods of coffee production. 

In Kenya.  

Coffee is grown by both small scale holders (account for 128,000 hectares) and large scale plantations (estates) - 

42,000 hectares.  Most of the coffee is produced by small scale holders. 

Cultivation. 

The land is prepared and the seedlings from the nursery are transplanted in rows. The young plant is shaded 

from the sun and watered regularly. Mulching is done around the roots to reduce evaporation of water. 

Fertilizers are applied and spraying done to protect the plant from diseases and pests. The coffee bush produces 

after 3-4 years and the red ripe berries are picked by hand. 

In the factory, the coffee berries are weighed and sorted out to keep the farmer’s records. The skin is then 

removed during the processing and the beans are fermented and washed. They are later dried under the sun for 

two weeks and the beans are bagged and sent to the market. Coffee is then sold by auction. 

In Brazil. 

The production methods are almost similar to Kenya’s except that in Brazil, most of the land is owned by rich 

land owners while small holders only own a small percentage.  Majority of the coffee in produced from the 

Estates known as fazenda. The land owners hire labour to take care of the crop. The labourers are given small plots 

to grow their subsistence crops in exchange for labour. 

In Brazil, little care is taken to control soil exhaustion and erosion. When soil is exhausted, the old fazenda are 

abandoned for new ones. Also proper planning is lacking to control either overproduction or underproduction of 

the crop. Farmers mainly rely on the natural fertility of the soil. There is little use of fertilizers.  Coffee is picked 

by hand with little supervision to ensure that unripe berries are not picked. 

Coffee processing is similar to the process in Kenya. 

Comparison between Kenya and Brazil coffee marketing.  

In Kenya, most of the coffee is handled through cooperative societies who also own the factories. They then sell 

the produce to the Kenya Planters’ Cooperative Union (KPCU) which then sells to the Coffee Board of Kenya; the 

board markets the Kenyan coffee. Currently however, marketing of coffee has become liberalized. 

In Brazil, coffee is handled by companies such as the Po-oxupe-Santos. Brazil, like Kenya, subscribes to the 

international Coffee agreement of 1960 where the sale of coffee has to be through the world market. However, 

Brazil is allocated a bigger quota than Kenya. Recently, the Brazilian Specialty Coffee Association (BSCA) was 

formed whose role is to auction coffee through the website of the Specialty Coffee Association of America  

Both Kenya and Brazil market their coffee to the same countries like Great Britain, Germany, Finland, Norway, 

Japan and North America. 

The role of coffee in the economy of Kenya and Brazil.  
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a) In both countries, coffee sales earn foreign exchange. The export earnings are used to import commodities 

which are not available locally 

b) In both Kenya and Brazil, It is a Source of income to coffee farmers which helps to improve their livelihood. 

c) The coffee industry Provides employment. In Kenya, over 6 million people are supported by the coffee 

industry. A large number of Brazilians are also employed in the coffee industry.  

d) It Supplies raw materials to coffee processing factories thus stimulating industrial development. 

e) Coffee growing has promoted development/improvement of transport/access roads. 

Problems facing coffee farming 

In Kenya. 

a) Pests. The crop is attacked by pests like the leaf miner that attacks the coffee leaves causing them to fall off. 

Antestia pest attacks the flowers, berries and growing parts of the plants. Other pests include berry borer, 

mealy bug, giant looper, green looper scates and thrips.  

b) Diseases. The Coffee Berry Disease is a fungal disease that attacks the flowers, green berries and leaves of 

mostly the Arabica coffee variety. Leaf rust attacks Leaves while Armillaria also attacks coffee in high altitude 

areas. 

c) Poor soils. Soil exhaustion has been a major challenge to coffee growing in many areas since coffee uses a lot of 

nutrients. Production therefore deteriorates.  

d) Adverse weather. Inadequate rainfall may sometimes be experienced. Drought conditions may cause young 

berries to ripen prematurely and fall off. 

e) Shortage of labour. During the harvesting period, labour sometimes may be inadequate. Delayed harvest due 

to insufficient labour may lead to diminishing quality. 

f) Mismanagement of coffee co-operatives. Poor leadership in coffee cooperatives has led to splitting of giant 

cooperatives into smaller uneconomical and inefficient farmers’ societies. 

g) Capital. Farmers sometimes lack the capital required for improving infrastructure and purchasing farm 

inputs. Some farmers are unable to access the swimming facility. 

h) Fluctuation f coffee prices in the world market. Coffee prices on the world market are not stable. They keep on 

fluctuating according to demand. 

i) Competition from other crops. Many coffee farmers have resorted to growing other crops. Some are even 

uprooting their coffee plants to begin horticultural habits. 

In Brazil.  

a) Soil exhaustion. This is caused by the wasteful techniques employed by Brazilian farmers that do not give 

room for proper soil management  

b) Overproduction. Improved coffee prices lead to increased production of the crop. This eventually leads to 

excess coffee being produced.  

c) Adverse weather. Severe frost was experienced in Brazil in 1976 leading to reduction in productivity. Severe 

drought like in the years between 1940 and 1941 led to a 25% drop in coffee production 

d) Fluctuation f coffee prices in the world market. Coffee prices on the world market are not stable. They keep on 

fluctuating according to demand. This variation in coffee prices on world market affects production.  

e) Conservation. Modern and intensive techniques of coffee growing are yet to be embraced fully in Brazil. This 

threatens Brazil’s predominant position on the world market.   

Ways through which Brazilian government is responding to problems facing coffee industry. 

a) The government has established an institute for the permanent defence of coffee.  The institute manipulates 

the amount of coffee released to the international market thus creating artificial shortages consequently 

maintaining high prices. 

b) The government lobbies for higher quota in the international market 

c) The government has been encouraging crop diversification/mixed farming by introducing annual cops such 

as sugar cane and soya beans in the coffee growing areas to reduce over dependence on coffee. 
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d) When the prices are low the government buys coffee from farmers and stores it thus stabilizing the prices for 

the farmers. 

e) To solve the problem of overproduction the government prohibits planting of more coffee. 

 

WHEAT FARMING IN KENYA AND CANADA 

The botanical name of wheat is Tritium spp. It is a cereal crop which is ground into flour then used to make foods 

in different forms. 

The varieties of wheat grown in Kenya are Duma in regions below 1800m ASL, fahari in altitudes between 1200 

and 1800m ASL. Kulungu and Nyumbu grow at between 1800 and 2400m ASL.  

Distribution of wheat growing areas. 

 In Kenya. 

Map showing wheat growing areas. 
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Wheat growing areas  
Conditions that favour wheat growing in Kenya      

a) Temperatures. Wheat requires warm conditions with temperatures ranging from 150C to 200 C to facilitate 

growth and maturity of wheat. 

The largest what growing area is the plateau of Uasin Gishu county, Nakuru county, 

Narok and Nyandarua counties.  

Other smaller areas where wheat is grown are Mweiga in Nyeri County, Nanyuki, and 

Timau on the slopes of Mount Kenya and Kiminini on the slopes of Mount Elgon. 

Wheat is mainly grown in the prairie provinces of Alberta, 

Saskatchewan and Manitoba. Saskatchewan produces 66% all 

the wheat from the three provinces. The three provinces 

account for 95% of all the wheat produced in Canada. 5% is 

grown in British Columbia and Ontario provinces. 
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b) Rainfall.  Wheat requires Moderate rainfall ranging from as low as 305mm to 1270mm to enhance the growth 

of wheat. At maturity, the weather should be sunny and dry to allow the grains to ripen and dry properly. 

c) Soils .wheat grows well in light clays or heavy loams that provide proper anchorage for the wheat stalks. The 

well drained fertile volcanic soils in Kenya sustain high wheat production. 

d) Relief. The landscape should be gently sloping or undulating to allow proper drainage and mechanized 

cultivation of wheat. 

e) Altitude. Wheat is grown in high altitude areas where the climate is cool with sufficient rainfall. Low altitude 

areas are too humid and this favours the rise in wheat disease incidences. 

f) Labour. Although wheat cultivation is mechanized, it also requires some labour for planting, application of 

fertilizers and weeding which are done by hand. Drying and packing also requires human labour, 

g) Transport. Lorries and tractors are needed to transport the grains from the fields to the stores and eventually 

to buying centres. 

h) Availability of capital. Capital is needed to purchase machinery, pay for labour and to maintain the feeder 

roads  

Conditions that favour wheat growing in Canada. 

Canada’s location gives it ideal conditions for wheat growing. The conditions include;   

a) Temperatures. The Canadian summers are warm with temperatures averaging 15.50C which facilitates growth 

and maturity of wheat. The late summers are dry and sunny, ideal for wheat ripening and harvesting.  

b) Rainfall.  Wheat growing areas in Canada have adequate Moderate rainfall averaging 560mm annually. The 

rainfall intensifies during the growing season but lightens towards the harvesting season. 

c) Altitude. The Canadian high latitude makes variations in altitude insignificant since the climate is generally 

cool. Wheat is mainly grown in Low altitude areas since the high altitudes are too cold for the crop. 

d) Soils. The rotting grasses on the prairies over the years add to the fertility of the soil. The dark brown 

chernozems formed over the years which experience minor leaching favour wheat growing. 

e) Relief. In Canada, The landscape is generally gently sloping or undulating and uninhabited. This allows for 

proper drainage and mechanized cultivation of wheat. 

f) Cheap land. The large extensive farms where wheat is grown today in Canada were acquired cheaply by 

pioneer farmers who settled on the prairies from Europe. 

g) Transport. The undulating nature of the landscape made road and railway construction across the prairies to 

the ports of Lake Superior easy. The region is well connected to the port of Vancouver by railway. 

h) Markets. The prairies are connected to domestic and international markets. Transporting the grains to the 

markets is therefore quite cheap. 

Comparison of wheat production in Kenya and Canada  

Wheat cultivation. 

In both countries, the land is best prepared by ploughing using tractor-driven ploughs. This is followed by 

several harrowing which allows weeds and stray wheat grains to germinate and be killed during the next 

harrowing. 

Fertilizers are added to the soil after the last harrow before sowing. 

Sowing is done in lines that are 18 cm apart using drills that are pulled by tractors. In Kenya, small scale farmers 

who can’t afford mechanical planters broadcast their seeds using hands. 

Large-scale farmers spray their crop with herbicides while the small scale farmers manually remove the weeds by 

pulling them out. 

Harvesting and threshing on large farms is done by Combine Harvesters and the grain is pumped into trucks that 

move alongside the harvesters. On small scale farms, harvesting is done using sharp knives and then threshing 

done by hand. 

The harvested grain is then taken to the farm stores where it may be passed through driers before it is packed for 

sale. 

In Canada, all work is done by machines and all wheat is grown on extensive farms. 
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Storage 

In both Canada and Kenya wheat is stored in grain silos. 

In Canada wheat on transit is stored in huge grain elevators/special car boxes while in Kenya it is stored in sacks. 

Market  

In Kenya wheat is mainly for local consumption. Kenyan wheat is sold through NCPD or directly to the millers. 

In Canada bulk of the wheat is for export markets (over 63%). Canada is the fifth largest producer of wheat in the 

world but the second largest exporter. The main export route is the St. Lawrence Seaway. Some wheat goes by 

railway directly to the ports of Halifax of Nova Scotia, port of Churchill on Hudson Bay and St. John in New 

Brunswick. This wheat is destined for Europe. The pacific ports of Vancouver and Prince Rupert handle wheat 

exports to the Far East Countries like China. The Panama Canal handles wheat exports to Africa and the 

Mediterranean lands of Europe.  

Benefits of wheat to the economy of Kenya.  

a) Wheat farming has led to the development of related industries. 

b) Wheat farming has helped the government to save foreign exchange by reducing the amount of experts. 

c) It has offered employment to many people raising their standards of living. 

d) Wheat farming has led to the improvement of infrastructure thus making it easy to transport items. 

Uses of wheat 

a) Used as animal feed 

b) Used as human food 

c) Used for brewing/distilling alcohol 

d) Used for making adhesives/glues 

e) Used for paper and straw boards. 

Benefits of wheat to the economy of Canada. 

a) In Canada, wheat sales earn the country foreign exchange. Bulk of the wheat is for sale. The export earnings 

are used to import commodities which are not available locally 

b) It is a Source of income to wheat farmers which helps to improve their livelihood. 

c) Wheat farming Provides employment. 4% of the country’s population is employed in the wheat sector on 

farms, at storage facilities and the transport sector. 

d) Wheat is the main cereal food consumed in Canada. 

e) All Canada’s local wheat requirements are met from the locally grown cereal 

f) It Supplies raw materials to flour milling factories thus stimulating industrial development. 

g) wheat growing has promoted development/improvement of transport/access roads 

 

Problems that affect wheat farming in Kenya and Canada. 

a) Low and Unreliable rainfall in Kenya leads to crop failure. Climate in Canada is not a major problem. 

b) Low temperature caused by long and cold winters in Canada limit outdoor activities thus delays cultivation 

of wheat. 

c) In most parts of Canada, Frost is common, which destroys wheat leading to low yield. 

d) In Kenya, Hailstones which destroys wheat leading to low yield. 

e) Strong winds causes soil erosion especially affects ploughing resulting to loss of fertile soils 

f) Monoculture in both Kenya and Canada has led to soil exhaustion. 

g) In Canada, wheat production in sometimes affected by Price of wheat in the world market that keep on 

fluctuating. 

h) Diseases such as stem rust, Glume Blotch and Brown leaf rust affect the crop. In Canada however, the cool 

climate dos not favour the thriving of dieses and pests. 

i) Pest such as aphids, the Dustry brown-beetle, quelea birds and Shiny Cereal Weevils damage the crop. 

j) Lack of capital especially for small scale farmers in Kenya makes them unable to purchase the farm inputs 

required for wheat production. 
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k) There is a shortage of storage facilities for farmers in Kenya. There is also poor road network between the 

farmers and buying centres. 

Factors which enable Canada to produce more wheat than Kenya.  

a) Wheat growing in Canada is more mechanized leading to higher production than in Kenya 

b) More capital is available in Canada enabling farmers to sustain production 

c) Farmers in Canada are more experienced due to long history of wheat production than in Kenya 

d) Advanced scientific research in Canada enables the production of higher yielding seeds/better farm 

inputs/control of pests and diseases/overcome limitations of weather 

e) Wheat farmers in Canada specialize in wheat production while in Kenya, farmers practice mixed farming 

f) In Canada, there are more extensive tracts of land suitable for wheat growing than in Kenya. 

 

HORTICULTURAL FARMING IN KENYA AND THE NETHERLANDS.   
Horticulture is the intensive cultivation of vegetables, fruits and flowers for sale. It is similar to market gardening 

only that in market gardening, flowers are not cultivated. 

 Market gardening is the intensive cultivation of vegetables and fruits for sale in the nearest urban centre.  

In horticulture, the main aim is to export the produce      

Main characteristics of horticulture.      

a) The activity is scientifically oriented as advanced scientific methods of crop production are employed to 

ensure high quality. There is use of selected seeds, spraying against pests and diseases and heavy application 

of fertilizers or manure. 

b) The practice is capital intensive. A lot of capital is required to avail the farm inputs required for high quality 

production. 

c) Land is intensively used. This farming type is practiced in areas where land is scarce. The available land must 

therefore yield maximum produce. Irrigation is commonly used. 

d) The farms are generally small and it is mainly practiced close to urban centers where there is good and 

reliable transport to the market or the exporting centres. 

e)  Since the produce is usually perishable, it involves quick and expensive mode of transport. 

f) The activity is export oriented.  

g) Horticulture is labour-intensive. Most of the work on the farm is done manual   

Conditions favouring the development of horticulture Industry. 

 In Kenya. 

a) The hot and wet climate favours the growth of tropical crops / cool and wet condition in the Kenya highlands 

favours the growth of temperate crops. 

b) The fertile well drained soils of volcanic origin favour the growth of variety of crops. Other parts of the 

country have loamy soils which are also rich in nutrients. 

c) The high demands for the products especially the tropical fruits , vegetables and flowers,  both locally and 

internationally have led to rapid development of the industry. 

d) Investment by large companies has led to the development of horticulture especially growing of fruits and 

vegetables. These include Foreign Companies like the Del Monte Company at Thika dealing in Pineapples, 

Pan African Foods, Danish Chrysanthemum Company, Sulmac Limited and Oserian Development Company. 

Local companies like Kakuzi Limited also promote the industry 

e) Most of the growing areas area accessible to the markets through roads and air transport. 

f) The technical and financial assistance is available from friendly countries like Germany through the German 

Agricultural Team (GAT) which has assisted the farmers to improve their production through research. 

g) The government policy which is encouraging diversity of export crops with a view of broadening the 

country’s export base. 
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h) Farmers operate under well organized marketing systems which help the farmers export their products. 

  

In the Netherlands 

a) Climate. The regions near the sea enjoy a frost free climate all year round since the warm North Atlantic Drift 

flowing past the coast.  This favours growth of fruits and flowers all year round. 

b) Soil. The soils in the Netherlands are generally sandy and therefore well drained and warm up quickly to 

favour the growth of variety of crops. 

c) Shortage of land. Due to the high rural population and rampant land shortage, it is therefore appropriate to 

establish horticultural farms which only require a few hectares.  

d) Labour. The country has a pool of competent skilled labour that have a lot of experience in floriculture. This 

ensures high productivity. 

e) Market. The central location of the Netherlands makes it benefit from the high working class population with 

high purchasing power in Europe. 

f) Transport. The Netherlands has a well developed and efficient network of transport routes which include the 

roads, railways and waterways in form of navigable rivers and canals. 

g) Technology. The country is advanced in technology such as in the use of the glasshouses. The government also 

assists the farmers in research, training and giving advisory services. 

h) Capital. The farmers are well organized and access loans easily from the Farmers’ Credit Banks.  

Cultivation.  

In Kenya. 

Fruits and vegetables are grown in open fields. Flowers are grown in greenhouses that are scientifically managed. 

Growing of flowers in green houses is preferred for the following reasons; 

a) The plants do not suffer the effects of excessive rainfall and hailstones. 

b) The plants are not affected by drought. 

c) The spread of diseases is controlled since the area to be sprayed is confined. 

d) It is easier to control the amount of Moisture that the flowers require. 

e) Semi-artificial climate is created within the greenhouse which is uniform for all the plants in there. 

f) Plants are protected from the damaging effects of strong winds and airborne diseases. 

g) Crops can be grown throughout the year as external climatic conditions do not affect their growth.  

h) It is easy to control weeds since the area is small and there is heavy application of herbicides. 

The flowers grown in Kenya include roses, orchids, carnations, gladioli, solidago, lilies, anthurium and 

chrysanthemum. The growing of flowers is known as Floriculture.  

Major horticultural areas in Kenya.  
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In the Netherlands 

Horticultural crops are grown in the open and in greenhouses. Floriculture is a very important aspect of 

horticulture in Netherlands since flowers are highly valued here for the aesthetic value. There is always a ready 

market for the flowers 

Horticultural growing areas in Netherlands 

It is mainly concentrated in Nakuru, Aberdare and Metropolitan regions in the 

counties of Muranga, Nyeri, Kiambu, Kirinyaga, Embu, Naivasha and Kericho.  

A large variety of vegetables are grown under horticulture and mostly for the 

local market. 

Fruits are also grown for the local market. The main export fruits are passion 

fruits, Mangoes and Avocadoes (exported to Europe and Middle East.) 
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Marketing of horticultural products. 

In Kenya, a relatively small proportion of the horticultural products are exported. The urban market forms the 

bulk of the major buyers. 

Some small scale farmers sell their produce by roadside while others transport to collecting centres where 

grading and packing is done ready for sale. 

Three airports, JKIA (Nairobi), MIA (Mombasa) and Eldoret Airport are used to airlift the produce to Europe and 

the Middle East. 

In the Netherlands, the products are both for the local market and for export to European countries. The major 

local markets are concentrated in the urban areas of the Netherlands. The export markets include France, 

Germany, Sweden, Belgium, Britain and Luxemburg.  

Role of horticulture in the economies of Kenya and the Netherlands.  

 Kenya 

a) It earns foreign exchange through-export. Since 1998, horticulture has the second leading export earner in 

Kenya after tea.  

b) Horticulture Provides employment to many people who now earn their living from it.  

c) It leads to improved transport infrastructure in the areas where it is practiced to facilitate faster movement of 

the produce. 

d) It has stimulated reclamation of land which was idle, e.g swampy areas that have now been put to better 

use. 

e) Horticulture has led to Emergence of agricultural based industries e.g fruits processing industries.  

f) Farmers are able to earn income thus raising their standards of living. 

Netherland. 

a) 50 % of all the horticultural produce is exported to earn foreign exchange. Horticultural products account for 

at least 30% of the total agricultural export. 

b) The industry Provides food and flowers for the local population in the Netherlands. 

c) It is a Source of employment to thousands of people. 

d) Horticultural success has led to reclamation of more land from the sea. 

e) The fruits and vegetables grown have attracted the establishment of industries such as those involved in the 

processing of fruits, juices, jams as well as those involved in the packaging of frozen foods. 

Problems facing horticultural faming  

In Kenya.      

a) Seasonal roads get muddy during the rainy seasons and this limits the accessibility between farms and 

collecting centers. 

b) Vegetables and fruits which are grown in the open are susceptible to attacks by pests and diseases. For 

example, tomatoes are affected by late blight, French beans by rust, and carrots by nematodes, onions by 

purple blotch and cabbages by black rot. 

c) Inadequate refrigeration facilities may lead to reduction of quality since most products are highly perishable. 

Open air flower gardens are upto 1000 hectares while the greenhouses occupy 900 hectares.  

The area of land under glasshouses in the Netherlands is about half of the total area under 

flowers in the whole of Europe.  

The flowers grown include the tulips, hyacinths, chrysanthemum, azalea, rhododendrons, 

clematis, roses, carnations, freesias and lilacs. 

The traditional flower growing area in the Netherlands is Aalsmeer near Amsterdam. 

Over 58000 hectares are under vegetables with 6500 hectares under glasshouses. 

Fruit farming is also expanding due to the increasing demand in the European countries.  

Over 54,000 hectares are under fruits and mainly outdoor. Most of them are tree fruits. 
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d) Individual farmers do not have enough capital to buy vehicles to transport their produce to the markets or 

airports. They have to rely on middlemen who exploit them. 

e) The marketing system lacks proper organization and this leads to rot of the crops in the farms. 

f)  Freight charges are high and this leads to marginal profit. 

g) The production of cost is very high due to hiked input prices. 

h) There is stiff competition on the international market.  

In Netherlands 

a) Occasional weather changes such as unexpected frost affects crops which are grown in the open. 

b) Insect pests also occur in some instances.  

c) The cost of production is also high due the technology used and the varieties of inputs required. 

d)  Poor drainage due to the very flat topography resulting from long periods of moraine deposition by ice. 

e) Incursions of the North sea giving rise to increased salt content in the soil 

Reasons why horticulture is more developed in Netherlands than in Kenya. 

a) Advanced technology in the Netherlands has led to highly development horticulture farming that involves 

use of glass houses. 

b) Developed infrastructure which includes good habours, canals, navigable rivers, roads and railways quickens 

and eases movement of horticultural products in the country. 

c) The Netherlands central position in Europe makes her accessible to foreign markets. 

d) Highly skilled labour in the Netherlands ensures highly production and quality packaging.   
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AGRICULTURE 4 –Livestock farming 
This involves keeping or rearing domesticated animals like cattle, goats, sheep, pigs, horses, camels and poultry 

on a farm. It is practiced almost everywhere in Kenya with the varieties of animals kept being determined by 

climatic differences and altitude. 

There are three types of commercial livestock farming practiced in Kenya;  

a) Pastoral farming which refers to the practice of keeping pasture-dependent animals. 

b)  Dairy farming which is the practice of rearing cattle with the purpose of getting milk. 

c) Beef-cattle farming which involves rearing cattle for meat. 

 

PASTORAL FARMING 

Pastoralism is a form of subsistence farming where animals such as cattle, sheep, camels, donkeys and goats. It 

exists as either Nomadism or commercial pastoralism. 

The people who practice nomadic pastoralism are known as nomads. They migrate along with their animals from 

one place to another in search of pasture for their animals.  

Communities that practice this type of farming include the Maasai, the Turkana, the Borana, the Somali, and the 

Rendille 

Pastoralism in Kenya. 

Rainfall received in most areas occupied by pastoralists is low sometimes less than 250mm and unreliable. The 

pastoralists therefore move according to the seasonal pattern of rainfall 

They built temporary structures because they never stay in a place for long 

Factors influencing pastoral farming in Kenya.  

a) The grazing Areas are usually free from animal pest especially the tsetse flies. Tsetseflies thrive in warm and 

humid conditions. However the areas of pastoralism in Kenya are dry and hot. 

b) The Low savanna grassland and semi-deserts conditions where grass sprouts when the rain comes and then 

dries during the cool dry season. This is what activates movement by the nomads in search of water and 

pasture. 

c) The bush and wooded savanna lands where grass is available most times of the year. 

d) Gentle slopes and relatively flat terrain in the plains of Kenya which make it easy for the pastoral 

communities to move from one place to another. 

e) The Sparsely populated areas of northern and north-eastern Kenya due to their harsh conditions ensure large 

tracts of land that encourages Nomadism. 

Characteristics of pastoral farming in Kenya. 

a) It is characterized by the Keeping of large herds of animals as a sign of prestige, social status and wealth, for 

dowry payment, and assurance against natural deaths. 

b) There’s uncontrolled cross-breeding of animals 

c) The farmers/nomads move from one place to another in search of pastures and water 

d) They Keep animals of different types together. Cattle, goats, sheep, camels and goats are grazed together. 

e) Pastoral/communities rely on these animals for their livelihood. The animals provide milk, hides are used as 

clothing and blood and meat used as food. 

f) Animals are usually unhealthy. They are weakened by diseases and lack of quality feeds. 

g) The land they graze on has no proper boundary. It is communally owned 

h) There’s overgrazing making the grasslands suffer severe soil erosion.  

i) Frequent livestock raids are witnessed among the pastoral communities in Kenya.  

Problems facing pastoralism in Kenya. 

a) Unreliable rainfall in their grazing fields which cannot support or sustain good pastures and water therefore 

leading to low quality herds.  

b) Very high temperatures do not favour survival of high quality exotic breeds. 
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c) Poor vegetation in dry regions which leads to poor and unhealthy animals. The poor vegetation is caused 

majorly by the severe soil erosion in the areas. 

d) The native Zebu and Borah cattle do not yield sufficient milk and provide poor quality beef. They also mature 

very slowly compared to exotic breeds. 

e) Diseases and pests. Diseases such as E.C.F, foot and mouth disease, Anthrax, Rinderpest, cause heavy losses 

of stocks in the pastoral regions. 

f) Over stocking leads to destruction of environment and severe soil erosion resulting to poor pastures. 

g) Inadequate veterinary services in the pastoral areas lead to poor breeds. 

h) Inadequate transport hinders accessibility of the areas. This lowers the demand for the animals and their 

products. 

i) Low education level and culture hinders modern methods of livestock farming. 

j) In adequate information about the market for beef makes pastoralist vulnerable to exploitation by middlemen 

who buy their animals at very low prices. 

Efforts by the Government of Kenya to improve Nomadic pastoralism. 

a) Creation of a full department in the Ministry of Agriculture (Department of Livestock) to deal with livestock 

development in the country. 

b) Projects have been started to deal with water problems in drier area/Kaptiei group in Kajiado is trying to 

improve water supply in the area by Sinking of wells and boreholes. 

c) Livestock farmers are being encouraged to grow fodder crop and introduce drought-resistant and more 

nourishing grasses for their animals. 

d) The government has provided field officers to train  and encourage pastoral farmers to adopt modern 

methods of rearing and breeding cattle. 

e) Quality animal production is done through cross-breeding pedigree animals with indigenous ones. 

f) Diseases and pest incidences has been reduced by government providing cattle dips facilities in an attempt to 

control tick borne diseases and clearing of bushes to control tsetseflies as well as spraying their hiding places. 

g) Pastoralists are being advised to keep smaller herds of animals to improve on overstocking. 

h) On marketing of their products, the government has liberalized the market as well as the re-opening of the 

K.M.C 

i) Anti-stock theft unit monitor the stolen animals from the nomadic pastoralist. 

j) Road s have been constructed to enable the pastoralists to transport their produce to markets 

Dairy farming.  

This is the practice of rearing cattle with the purpose of getting milk and milk products such as butter, cheese or 

ghee either for sale or for subsistence. 

In Kenya, Dairy farming is practiced in the Kenya highlands  

Characteristics of dairy farming 

a) The activity is practiced both in tropical and temperate lands provided the climate is cool with temperatures 

of about 18oC and heavy rainfall to facilitate pasture growth. 

b) It is practiced in areas with good roads/infrastructure and high standards of living. For example in near urban 

areas that will provide market for the dairy products. 

c) Because of perishability of milk, it is characterized by modern technology in hygienic packaging of products 

for domestic and international markets. 

d) High milk yielding breeds are kept. These include the Friesian, Ayrshire, Guernsey and Jersey which have the 

following characteristics; 

~ Have udders that are not spongy and do not sag but are well developed and firm.  

~ Their milk has a high protein and butter content. 

~ They have wide hind quarters, big stomachs and small chests. 

~ They are highly fertile which enables them to calve regularly. 

~ They have big milk veins. 
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~ Their legs are short and well set to support their heavy bodies. 

 

DAIRY FARMING IN KENYA AND DENMARK. 

Physical and human conditions that favour dairy farming in Kenya 

a) The areas of dairy farming in Kenya have Low temperature of about 180C ideal for survival of exotic breeds 

that have a low tolerance for high temperatures. 

b) The dairy farming areas are less prone to disease incidences. The Cool conditions mean few diseases hence 

greater survivor for the animal breeds. 

c) The heavy rainfall received in the Kenya Highlands ensures that there is plenty of nutritious grass 

throughout the year. 

d) The Fertile volcanic soils of the highlands ensure high quality grass growing throughout the year 

e) Due to the heavy rainfall, there is Constant water supply throughout the year in the highlands. 

f) The presence of well established infrastructure such as roads in the dairy farming areas has facilitated the 

quick transportation of milk to processing plants and market centres. 

g) The high population in the highland areas and nearby urban areas is a ready source of market for the dairy 

products. 

h) Availability of processing and storage facilities near the dairy farms has increased the rate of milk production. 

i) The government has provided veterinary services and demonstration farms which promote the rearing of 

high–quality dairy breeds. 

Physical and human conditions that favour dairy farming in Denmark  

a) The flat landscape/gentle sloping land which is suitable for grazing makes it ideal for dairy farming. 

b) The climate has warm and sunny summers that allow outdoor grazing and facilitate grass growth. July is the 

warmest month with a mean temperature of 16.60C. The coldest month-February records 0.40C. 

c) The soils in Denmark are constantly enriched with animal manure and fertilizers to keep them fertile to 

support pasture growth. 

d) The availability of a variety of fodder crops has favoured dairy farming. Manufactured feeds and 

supplements are available locally or are imported. 

e) The strict farming regulations by the government and farmers organizations ensure good quality farming. 

f) Most dairy farms are mechanized. This promotes the industry. 

g) Through research, Danes have bred high quality dairy cattle which have led to an increase in milk 

production. 

h) The rapid growth of the cooperative organizations has translated into a success in dairy farming. The 

cooperatives insist on quality. 

i) Availability of a wide market both locally and in Europe which stimulated the growth of dairy farming. 

j) Availability of adequate capital and modern technology has enabled the country to improve production and 

storage techniques of dairy products. 

k) There is extensive use of artificial insemination that improves the quality of breeds. 

Distribution of dairy farms in Kenya and Denmark. 

In Kenya dairy farming is practiced both for subsistence and for commercial purposes. 

The main breeds of cattle kept are Friesians, Aryshires, Jerseys and Guernseys. 

The leading counties in Dairy Farming are Nakuru, Trans-Nzoia and Uasin Gishu. Other are Bomet, Laikipia, 

Kericho and Kiambu. 
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In Denmark, about 75% of the land is used for farming.  

The cattle breeds kept are SDM- Danish Holstein (71.6% of the totals), Danish Jersey (12.1%), Red Danish Dairy 

Breed (8.7%), cross breeds (6.6%) and Danish red and White Holstein (1.0%). 

The highest density of cattle is in Ribe while Zealand and Lolland-Falster have the lowest densities. 

Scale of production 

In Kenya, dairy farming is carried out both on small scale and large scale. The small scale holders dominate the 

sector. Large scale dairy farming is mainly for commercial purposes and is practiced in the Rift Valley region and 

some parts of the coast region 

Cattle account for 80% of the milk produce. 20% comes from camels and goats.  

In Denmark, dairy farming is carried by individual farmers on a relatively large scale whith farm sizes averaging 

55 hectares 

Milk and milk products export to the European Union countries is on a quota basis. The main producing breed is 

the SDM Danish Holstein.  

A variety of crops are used as fodder for the animals 

Dairy products 

80% of the milk in Kenya is produced by small scale farmers. The produce is mainly for the urban market. 

The products of processed milk in both countries include butter, cheese, ghee, powdered milk and liquid milk – 

UHT 

Marketing. 

In Kenya, approximately 1560,000,000 litres of milk is marketed annually 42% of which is sold directly to the 

consumers. The rest is sold through the dairy cooperatives. 

Examples of the milk processing factories in kenya are the government owned New KCC  and private factories 

like Brookside, Spin Knit and Limuru Dairies. 

Denmark sells her Dairy products both locally and abroad 

The Agricultural Marketing Board in conjunction with the Danish Dairy Board is responsible for promoting 

Denmark’s Agricultural exports. 

The role of Dairy farming in the economies of Kenya and Denmark. 

In Kenya.    

a) Milk is a rich source of protein which has resulted in a healthy population, increasing their productivity in 

labour.  

b) It creates employment in the dairy farms and processing plants. 

c) It is a source of income to the dairy farmers raising their standards of living. 

d) The government collects taxes from the sales of dairy products enabling it to provide essential services.  

e) It has boosted the establishment of other related industries like the manufacture of animal feeds and milk 

machines. 

f) Cow dung is used as manure in the farms the agricultural productivity of the farms / source of fuel e.g. 

biogas. 
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In Denmark.  

a) Dairy produce is exported to earn foreign exchange in Denmark. Dairy products accounted for at least 20% of 

the total agricultural export in 2002. 

b) The industry is a source of food and proteins for the local population. Denmark produces enough dairy 

products to satisfy her domestic market. 

c) Dairy farming is a Source of employment to 20% of the population in Denmark. By 2002, 9500 people were 

employed in 42 dairy factories. 

d) The income earned from the sale of dairy products has assisted to improve the standards of living of people 

in Denmark. 

e) Dairy farming has promoted growth of industries in Denmark. Industries related to dairying have been 

established. 

Problems facing dairy farming in Kenya. 

a) Occasional drought leading to inadequate feeds. Dairy cows in Kenya are rain fed. During the dry season 

when pasture is scarce, there is deficit of milk. 

b) Poor management of the dairy co-operatives leads to Delayed payment which lowers farmers’ morale. 

Mismanagement of the dairy industry led to the closure of KCC for some years. 

c) High prices of cattle feeds, drugs and veterinary services have reduced the quality and number of dairy 

cattle kept especially by small scale farmers. 

d) Poor feeder roads to the milk producing areas lead to milk perishability. Farmers in areas with poor roads 

suffer from the spoilage of milk and lower prices.  

e) Shortage of proper storage facilities such as cooling plants at the collecting centres leading to milk going bad 

before it gets to the processing factories. 

f) Disease and pests for example diseases like Rinderpest and east coast fever kills dairy cattle. 

g) Collapse of the disease control system especially the cattle dips has led to prevalence of many cattle diseases. 

h) Lack of government-provided veterinary services.  After liberalization in 1992, the farmers have to pay 

higher prices for artificial insemination (A.I) and clinical services which have now been privatized. 

i) Lack of training for the dairy farmers. The small scale farmers lack information on the work being carried 

out in various research centres. 

Possible solutions to the problems facing dairy farmers in Kenya. 

a) On cooperative management, the government should be involved in appointing supervisory officers to 

ensure that farmers are not exploited. 

b) Artificial Insemination services should be provided all over the country to the small scale farmers by the 

government. 

c) Demonstration farms should be rehabilitated by the government in order to provide farmers with training on 

how to rear quality dairy cattle. 

d) Cooperative societies should extend credit facilities to the farmers to enable them afford inputs. 

e) The government should re-open the milk-processing factories that have remained closed in order for the 

farmers to access markets and proper storage facilities. 

f) The feeder roads should be well maintained to solve the problem of milk transportation. 

g) Extensive continuous research should be carried out to establish possible solutions to common diseases like 

foot-and-mouth which attack dairy cattle. 

Problems facing dairy farming in Denmark. 

a) Cattle diseases like mastitis, paratuberculosis, salmonella Dublin, and lameness are common in Denmark. 

However the degree of disease incidences is not as high as it is in Kenya.  

b) Occasional drought spells affect milk production in Denmark. 

c) Dairy animals produce a lot of greenhouse gases like carbon dioxide, nitrous oxide and methane from the 

cow dung. This pollutes the environment. 
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d) The extreme cold winters affect the growth of natural pastures causing animals to be kept and fed indoors 

which is quite expensive. 

Similarities between dairy farming in Kenya and Denmark. 

a) The dairy animals kept in both countries are similar i.e. Ayrshire, Jersey and Friesian. 

b) Artificial insemination is used in both countries 

c) Dairy farmers in both countries have been selling their products to the co-operatives although the trend is 

changing in Kenya with market liberalization 

d) Both countries market their products both locally and in foreign countries 

e) Milk processing in both countries is similar. Dairy products are also similar including liquid milk, cheese and 

butter 

Differences between dairy farming in Kenya and Denmark. 

a) Dairy farming in Kenya is outdoor throughout the year. Even when zero grazing is practiced, the cattle can be 

fed or tethered outdoor. In Denmark, climatic conditions in winter and autumn force farmers to keep their 

cattle indoor for about six months. 

b) Dairy farming is heavily mechanized in Denmark while in Kenya mechanization is lacking in most places. 

c) Major dairy farming in Kenya is restricted to the highlands while in Denmark it is evenly distributed all-over 

the country. 

d) Dairy farming in Kenya depends mainly on grass pasture while in Denmark it is mostly dependent on 

fodder. 

e) Dairy products form a major foreign earner for Denmark while in Kenya most of the dairy products are 

consumed locally. 

f) Dairy yields are low in Kenya during unfavourable climatic conditions while in Denmark high yields are 

realized throughout the year. 

g) Danish dairy farmers are specialized unlike Kenya where the farmers practice mixed farming 

h) Dairy co-operatives are highly developed in Denmark as compared to Kenya.  

Effort Kenyan government is making to improve dairy farming  

~ Introduction of high quality breeds through cross breeding. 

~ Introduction of various animals feeds to promote more milk production 

~ Better prices offered to farmers create an incentive to farmers to produce more milk 

~ Control and elimination of disease through veterinary services 

~ Development of dairy co-operatives 

~ Better management techniques like zero grazing 

 

BEEF FARMING. 

Beef farming involves rearing cattle for meat. There are two types of beef-farming system in Africa; 

a) Traditional beef farming which is practiced in drier areas by pastoral communities. 

b) Commercial beef farming which involves fattening of the immature animals or steers in ranches for a 

period of three years and then sold to slaughterhouses.  

Characteristics of beef farming. 

a) It is mainly practiced on extensive gently sloping land e.g the Nyika plateau in Kenya. 

b) It involves rearing of beef cattle mainly for the production of meat. Other products include hides and skins, 

fat, bone for manufacture of fertilizers, and horns and hooves for making glue. 

c) The animals are kept for commercial purposes. 

d) Modern methods of livestock farming eg. Artificial insemination and cross-breeding are applied. 

e) The ranches have all the basic requirements such as cattle dips and waterholes. 

f) The ranches are scientifically managed and the movement of livestock is restricted within the ranches.  

Characteristics of beef cattle. 

a) They have a blocky square body. 
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b) They normally have short legs with long broad backs. 

c) The cattle mature early and put on weight quickly. 

d) They have square humps and thick muscles. 

e) They withstand long dry periods without losing much weight. 

f) They convert herbage(plants on which they feed) into meat easily 

Beef farming in Kenya and Argentina. 

In Kenya, traditional beef farming yields poor quality animals to slaughterhouses. 

The imported beef cattle breeds that are kept in Kenya include the Aberdare Angus (a black Scottish breed), the 

Hereford (a reddish –brown and white breed from Britain), the Galloway (black breed from south-west Scotland), 

the Shorthorn (from South Africa) and the Charolais (a large white cow imported from France). The main 

indigenous breed is the zebu that exists in two types- the large Boran and the small short-horned zebu. 

In Argentina, the cattle farms may be as large as 10,000 hectares and the maritime climate makes it possible for 

grazing to go on throughout the year. Quarters for stockmen, cattle dips and water-storage facilities are provided 

on some farms.  The main slaughterhouses are in towns such as Buenos Aires and Rosario. 

Factors influencing beef farming. 

In Kenya.  

a) Presence of extensive flat lands with natural pasture especially within the Nyika Plateau and the rift valley 

regions. 

b) Moderate temperature of 28oC 

c) Moderate rainfall of 750mm or above which ensure s there is enough pasture. 

d) Availability of watering sites like the Lorian, Lotikipi and Saiwa swamps together with a number of 

permanent rivers that flow through the areas of beef farming.  

e) Introduction of ranching schemes, which helps in controlling overgrazing and spread of disease causing pests 

such as tsetseflies. 

f) Incorporation of beef farming into cultural practices of some communities who consider livestock farming as 

their cultural activities.      

In Argentina.   

a) The Sub-tropical climate of the Pampas of Argentina, with summer temperature rising above 24 oC and lower 

winter temperature (above 10 ̊C) favour growth of grass throughout the year. 

b) Well distributed rainfall throughout the year (rainfall of about 1000mm), favours growth of good pastures 

and also ensures regular supply of water for cattle. 

c) Fertile soils from the slopes of the Andes Mountains which give rise to healthy natural grass for feeding the 

animals. 

d) The Cattle rearing area is an Extensive rolling grassland (the pampas) at the foot of the Andes Mountains. 

This provides natural grazing landscape with good pastures. 

e) Replacement of the natural coarse grass with nutritious alfalfa and corn has improved the quality of pastures 

for the beef cattle 

f) Cross breeding of the traditional cattle with higher quality breeds/Hereford, Aberdeen Angus, Short horn has 

improved the quality of the yields. 

g) Availability of water supplied using wind pumps ensures constant supply of water cattle. 

h) Availability of a well developed infrastructure like the railway network which is used for the movement of 

beef cattle from the ranches to the factories. 

i) Availability of market both local and external encourages the farmers to expand the beef industry sustains the 

industry. 

j) Availability of large-scale ranches that are better managed and mechanized. 

k) Availability of adequate capital which makes it possible to have refrigeration facilities that enables beef to 

reach far off markets in good condition. 
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Methods and scale of beef production. 

In Kenya 

The activity is carried out by both small scale and large scale farmers. The small scale farmers constitute the 

biggest percentage of beef farming and are distributed all over the country. Large scale farms are the ranches 

where cattle feed on drought resistant nutritious pastures. The ranches are under proper scientific management. 

In Argentina 

Beef cattle mainly reared on natural pasture throughout the year. The breeds of the cattle kept are mainly from 

Britain and include the Aberdeen Angus and Hereford. The steers are fattened for 16 to 17 months to reach a 

weight of 470kg before being sold. Pasture rotation and treatment is done to minimize and control external and 

internal parasites. 

Distribution of beef farming areas in Kenya. 
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Distribution of beef farming areas in Argentina. 
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Marketing of beef products. 

In Kenya 

The Livestock Marketing Division (LMD) and the local slaughterhouses and butcheries are the main marketing 

channels. The LMD buys beef cattle from small-scale farmers and puts them in holding grounds where the 

animals are vaccinated against diseases before being sold to individual butchers or to slaughterhouses through 

auction. 

The Kenya Meat Commission (KMC) is a governmental parastatal that buys beef cattle from farmers for 

slaughter. It collapsed in 1980s but was revived in 2003 by the NARC government. 

In Argentina. 
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Most of the beef produced is consumed in the country though some surplus is exported. Marketing channels are 

mainly found in urban areas such as Buenos Aires and Rosario. Beef is mainly exported to European countries 

like Germany and Arabian countries 

Beef and beef products that are meant for export undergo very stringent sanitary tests. 

Contribution of Beef farming to the economic development of Kenya. 

a) It is a Source of beef for local consumption. 

b) Beef farming earns the country foreign exchange from exporting beef product and livestock. 

c) It a source of employment e.g in beef farms and processing plants. 

d) Farmers earn income from the sale of livestock thus raising their living standards. 

e) Beef farming has led to growth of industries e.g meat canning and freezing industries.  

f) Some by-products like hides are raw materials in the leather industry. Shoe manufacturing companies such as 

Bata shoe-company at Limuru uses these hides. 

Contribution of Beef farming to the economy of Argentina. 

a) Beef farming is a source of beef for a country that is the leading consumer of beef in the world. 

b) Beef export earns a lot of foreign exchange for the government of Argentina. 

c) The industry is a source of employment e.g stockmen have been employed in the ranches, also known as 

estancias to look after cattle, other are employed in slaughterhouses and in beef processing plants. 

d) Farmers earn income from the sale of livestock thus raising their living standards. 

e) Beef farming has led to growth of industries e.g meat canning and freezing industries.  

f) The beef industry has stimulated an improvement in infrastructure from the coast to the interior to enable the 

farmers transport cattle from the interior to the coastal urban centres such as Buenos Aires. 

g) The by-products like hides, horns and hooves are used as  raw materials for other industry like Shoe 

manufacturing and in glue making. 

Problems facing beef farming in Kenya  

a) Cattle are affected by Pests and diseases e.g ticks, foot and mouth, Nagana. 

b) Poor pastures due to soil infertility. 

c) Presence of tsetseflies in some regions has also been a big problem. 

d) Low and unreliable rainfall thus inadequate pasture and water during the drought period. 

e) Low quality animals due to high temperatures and pastoral preference for large quantity of animals rather 

than quality. They therefore fetch poor prices. 

f) The cattle ranching areas are poorly served by roads and railways. The cattle have to be driven long distances 

to slaughterhouses. Inaccessibility also limits transportation of beef products to market. 

g) Lack of adequate capital and lack of processing and storage facilities in the remote areas. 

h) The local market is small due to the sparse population in the pastoral areas and the low purchasing power of 

the people. 

Efforts Kenyan government has made to improve beef farming 

a) Introduction of pedigree British cattle/cross breeds them with indigenous breeds 

b) Educating and encouraging farmers to adopt modern methods of rearing and breeding beef cattle. 

c) Providing water by building dams and reservoirs ploughing and resourcing pasture  land with special strain 

of drought resistant (more nourishing grasses) 

d) Funding research in animal disease control and management, educational programmes and drug supply 

e) Providing extension officers to give the farmers necessary advice 

f) Establishing ranching schemes in cold and semi arid lands. 

g) Improving the quality of the local breeds by cross-breeding with the exotic pedigree cattle. 

h) Decontrolling the piece of meat products.  This has resulted in an increase in the variety of pieces offered to 

beef farmers. 

Problems facing beef farming in Argentina. 
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a) Beef Cattle are vulnerable to various diseases like rinderpest, African swine fever and foot and mouth 

disease. 

b) The stringent sanitary conditions imposed on the export of beef by the government of Argentina. 

c) A series of local and international economic and political crises took their toll on the Agricultural sector. 

d) The sanitary problems and the international trade barriers have affected beef exports from Argentina 

 

 

 


