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PRETFACE

The proper use of soil and water resources is basic to
meeting the needs of Kenya's population which is not only expand-
ing rapidly but also seeking a better standard of living. This
volume reflects a growing interest among the scientific community
in soil and water conservation as it contains more than twice as
many papers as the proceedings of the first workshop on this
subject held in 1977.

The papers presented here give some indication of the
"state of the art" in Kenya at the present time and should prove
a valuable source of information and ideas for those involved in
extension, teaching and research. A broad range of topics are
covered showing that conservation is part and parcel of proper
land use and that conservation of water and conservation of soil

must go hand in hand.

The papers have been grouped under six headings of which
the first two are concerned mainly with surveying and measuring
erosion processes. This type of study is important for assessing
long term trends and making predictions about the consequences of
changes in land use or conservation practice. The third section
covers important aspects of Government policy and programmes and
reviews the information sources that are available to research
workers and planners. The fourth section is concerned with aspects
of physical planning and economic appraisal and reflects some of
the problems and possibilities of the large mechanised farm and
the small labour intensive holding. The conservation and utilis-
ation of water resources in semi-arid areas is the main topic of
the fifth section and introduces the concept of water harvesting
which is attracting increasing interest. The last section presents
some aspects of the management of forest and cropland and examines

the role of agroforestry in soil and water conservation.

After the formal presentation of papers, questions and
comments were invited and participants were asked to record their
remarks. We are grateful to Mr. R.G. Barber for compiling the

material submitted and for help in many other ways.
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The scientific approach to soil and water conservation
in tropical areas with a high rural population, small farms and
big variations in climate is still undergoing development. It
is therefore important to keep policies and programmes under
regular review and, where necessary, to adapt or modify current
practices in the light of new information or experience. The
establishment of a coordinating body to carry out such a function
was one of the main recommendations arising out of the discussions
which are summarised at the end of this publication under Con-

clusions and Recommendations.

We believe that these proceedings will be useful both
by documenting what is known and by indicating areas where fur-
ther research is needed. One aspect which is barely mentioned
here, but deserves greater attention from research scientists,
is the human factor in soil and water conservation. Conservation
is only likely to be successful where the farmer understands
what is needed and is able to carry it out. The farmer's own
perceptions, abilities and constraints warrant much greater

attention in future.

As a contribution to the workshop, the staff of the
University Library at Kabete Campus under the direction of Mr.
S. Durrani, Librarian, produced a bibliography on soil and water
conservation in Kenya which should be invaluable to anyone
writing a review or planning a research programme and wanting
to know what has already been done. Further useful bibliographic
material was provided by Mr. Mutuku Nzioki, Librarian, Egerton
College, and it is intended that a comprehensive bibliography

should be published in due course.

The success of the workshop, which was attended by more
than 130 people, was due to the excellent cooperation between
various organisations including the University of Nairobi,
Egerton College, Ministry of Agriculture, Ministry of Water
Development, National Environment and Human Settlement Secreta-
riat, Kenya Agricultural Research Institute, Permanent Presiden-

tial Commission on Soil Conservation and Afforestation and
several others.
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OPENING ADDRESS

By

Dr. D.N. NGUGI
Dean, Faculty of Agriculture
University of Nairobi.

Ladies and Gentlemen:

First let me start by welcoming all of you to the
Faculty of Agriculture. For those of you for whom this is
your first time to visit the Faculty, I wish to extend a

very warm welcome.

The first time that a Soil and Water Conservation
Workshop was held in Kenya was in September, 1977. At that
workshop, which was held in this same room, various papers
on soil and water conservation were presented and discussed.
At that workshop it was agreed and resolved by the partici-
pants that there was need for similar workshops to be held
on a regular basis inorder for the participants to keep
abreast of research and other development activities in Soil
and Water Conservation. Hence the convening of this second
workshop. We in the Faculty feel particularly honoured by
the fact that for a second time the organisers have chosen

our Faculty to be the venue for the workshop.

As in the first workshop, the objectives of this

workshop, remain the same, that is:-

(i) To bring together researchers, teachers, extension
officers and others who are concerned with the problems

of solil and water conservation.

(ii) To exchange information and discuss problems in assess-
ing needs and in planning, implementing and evaluating

conservation systems.

(1iii) To identify priorities for future work and to seek
ways of increasing the effectiveness of research,

teaching and extension.
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The workshop is a joint exercise planned and organised

by staff from the Faculty of Agriculture, Ministry of

Agriculture, Kenya Agricultural Research Institute,

Egerton College and other bodies.

As I have just said, the last forum of this kind took

place at Kabete in September, 1977. Since that time there have

been many changes and developments which emphasise the need

once again to bring together all those who are concerned with

soil and water conservation. The developments include:-

(a)

(b)

{c)

the establishment of projects involving soil and water

conservation in Machakos, Kitui, Baringo, Embu/Heru/

Isiolo, and elsewhere.

the growth of the National Environmental Secretariat,

reorganisation of Kenya Agriculture Research Institute

(K.A.R.I.) and the establishment of the Permanent Presi-
dential Commission on Soil Conservation and Afforest-

ation.

the development of an educational programme producing a

small but growing number of people with specialisation

in soil and water conservation.

Examples include the following:

(1)

B.Sc. Agric. Engineering Programme at the University

of Nairobi with an Option in Soil and Water Engineering

(11) Postgraduate Diploma Programme in the Faculty of
Agriculture with Options in Soil Conservation and
Irrigation

(i1i) Diploma in Agricultural Engineering at Egerton

College with an option in Soil and Water Engineering.

Coordination among those involved in all these activi-

ties 1s needed and the workshop will help to facilitate this.
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The specialist in Soil and Water Conservation needs
to be able to integrate knowledge from a wide range of dis-
ciplines such as Soil Science, Hydrology, Agronomy, Ecology
and Engineering. Furthermore he needs an understanding of
the social and economic constraints within which the farmer
operates. Many of the problems faced are difficult to solve
and we need to recognise areas of ignorance and uncertainty
and to investigate situations where the measures tried have
proved unsatisfactory and the proper solutions are not yet
known. In particular we need to take more account of vari-
ations in soils, slopes, and climate and farming practices
and to understand how these affect the conservation measures
we recommend. We also need to see conservation as part of
the farming system designed to preserve, improve and utilize
the land.

It is often argued that research is not needed, and
that implementation is the main weakness in conserving soil
and water. However experience has shown that some measures
implemented have only lasted a short time. Undue haste has
sometimes aggravated the problems needing to be solved and
has occasionally led to loss of confidence among the farmers
affected. Considering the size of the problems it is surp-
rising that so little research has been done. It must be
recognised that research is usually slow and costly but much
can be gained by careful documentation of work which is done

and evaluation of successes and failures.

The University of Nairobi has already made a contri-

bution in research on problems of soil and water conservation.

Several Faculties and Departments have been involved and more

work can be done if financial support is forthcoming. A propo-

sal for a Soil and Water Conservation Research Unit has been
included in the University Development Plans and could be

implemented if a donor agency can be found to support it.



Both staff and students have been involved in
research and the project reports of the postgraduate diploma
students are helping to document the present situation in
the country with respect to soil and water conservation. The
improvement in library documentation services in the University,
Egerton College and the Ministry of Agriculture is making
available a wealth of material from inside and outside Kenya

which is relevant to the problems we are confronting.

In view of the changes and developments taking place
in the country and the small but increasing supply of specialist
manpower it is necessary to change the organisational framework
for handling soil and water conservation. We welcome the recent
amalgamation of soil and water activities in one division of
the Ministry of Agriculture and hope that this division will
be strengthened by additional staff with relevant qualifications
and experience who can speed up the planning and implementation
of measures to control soil and water losses. In view of the
range of projects and organisations involved in soil and water
conservation there is a need for a strong team of specialists
in the Ministry of Agriculture who can provide the direction
and coordination required and long term continuity which is
often lacking in crash programmes and short term projects. In
this connection the career prospects must be satisfactory in
order to attract staff of suitable calibre.

Conservation of water is as important as conservation
of soil. The potential for irrigation will be limited by the
rapidly increasing demands on water supplies for domestic and
industrial use. Conservation of rainfall where it falls can
make a major contribution to increasiig food supplies in areas
of low and unreliable rainfall. The workshop will pay parti-
cular attention to the collection, storage and utilisation of

runoff in arid and semi-arid areas.
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The proceedings of the workshop will be published
in due course and the material will then be available to a
much wider audience both in Kenya and elsewhere. It will
als- zr>vide some baseline information from which progress
can be seen in the years ahead. On behalf of the organisers,
I wish to express deep appreciation to several organisations
which have offered to assist in the publication of the

proceedings.

Lastly, let me once again welcome you and wish every-

body very fruitful deliberations in the workshop.
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RAINFALL EROSIVITY IN KENYA-SOME PRELIMINARY
CONSIDERATIONS

By

K. M. Rowntree
Department of Geography
Kenyatta University College

INTRODUCTION

The relationship between rainfall characteristics and
soil erosion, or its surrogate catchment sediment yield, has
been the subject of many studies throughout the world. Rain-
fall is known to have two important effects on erosion. On the
one hand the rainfall provides the energy that seals the soil
surface and detaches soil particles, and is also the source of
overland flow which further detaches and transports' the particles.
On the other hand rainfall provides the moisture that supports
a vegetation cover. This in its turn both dissipates the energy
of rainfall and overland flow and encourages high infiltration
rates. The early study by Langbein and Schumm (1958) illustrated
this relationship well; a later study by Douglass (1967) substan-
tiated their results. Both pieces of work showed that maximum
sediment yields occurred in areas with an annual rainfall-
evaporation balance of between 30 and 50 millimetres. Lower
rainfall amounts lead to a decrease in the available energy for
erosion whereas higher rainfall supports a denser vegetation
cover which protects the soil from the erosive effects of the
rainfall.

The seasonal variation of rainfall and its relationship
to vegetation cover is also of significance, especially in
tropical areas which experience a marked contrast between wet
and dry seasons. This was taken into account by Fournier (1962)
who found that catchment sediment yields were closely related
to the index p“/P where P is the mean annual rainfall and p is
the maximum mean monthly rainfall. As pointed out by Morgan
(1979 p. 27), this is an index of the concentration of rainfall
into one month. It thus gives a crude index of rainfall inten-

sity and also indicates the seasonality of rainfall and the



length of a dry season during which the plant cover decays.

The p“/P index thus combines factors of rainfall energy with
those of ground cover and gives an indication of the relative
erosion risk. A study by Morgan (1979, p. 76) showed that in
Malaysia p2/P was significantly correlated to drainage texture,
a measure of gully density. Gullies are characteristic of

areas with strongly seasonal rainfall and high rates of surface

runoff,

Few studies have explicitly followed up this relation-
ship between rainfall and vegetation cover in the assessment of
erosion risk. More usually, research has been confined to
studies of rainfall energy or erosivity alone without regard to
the vegetation factor. A number of rainfall erosivity maps have
been produced for different parts of the world. The first such
map was compiled by Wischmeier and Smith (1965) for the United
States; other examples are that for Zimbabwe by Stocking and
Ellwell (1976), for East Africa by Moore (1978) and Malaysia by
Morgan (1979, p. 75). The papers by Stocking and Ellwell and
by Moore both present a seasonal analysis of erosivity and
stress the significance of concomitant changes in the vegetation
cover, but do not go further. It is the aim of this paper to
outline a programme for assessing the regional variations in
erosion risk in Kenya as related to rainfall erosivity and veget-
ation cover. Two approaches are followed. Firstly a map of
pz/P values is presented, following earlier work by Fournier
and Morgan. This provides a reconnaissance map of erosion
risk based on a minimum of analysis. Secondly an analysis of
rainfall data is presented for Katumani Research Station,
Machakos, showing both the seasonal distribution of storm
erosivity and the changes in the estimated soil moisture deficit.
This latter value is used here as an indicator of plant vigour
and hence ground vegetation cover. From the results of this
detailed analysis for one station a proposal is made for a

regional study of erosion risk.



AN ASSESSMENT OF EROSION RISK FOR KENYA USING p2/P VALUES

Monthly rainfall data for 111 stations were available
from the publication Climatological Statistics for East Africa,
Part I, Kenya, published by the East African Meteorological
Department, Nairobi, 1975. Although concentrated in western and
central Kenya these data provide a fair cover for the whole
country. From the 111 points, areas with similar values fo
p2/P were delineated. It was apparent that breaks in the p2/P
values were associated with topographic features so these were
used to locate the boundaries between areas. The final map

is presented in Figure 1.

A wide range in p2/P values occur 1in Kenyaj; a minimum
value of 13 was found in Lodwar in Northern Kenya and a maximum
of 123 for Lamu on the coast. Values are related to both total
rainfall and to seasonality so that they tend to be highest to
the east of the Rift Valley where the rainfall is sharply bi-

modal.

Morgan (1879) distinguishes high risk areas as those
having a p2/P value exceeding 50mm. On this basis five areas of
high risk can be found in Kenya. These are all characterized
by moderate to high rainfall (over 800mm up to 2000mm) and a
marked seasonality. The three areas of greatest risk are the
northern coastal belt, the Kitui-Yatta area and the upper slopes
of the Aberdares and Mount Kenya, all with mean p“/P values
lying between 81 and 110. The southern coastal belt and the
footslopes of the Aberdares and Mount Kenya have rather lower

p2/P values lying between 51 and 80.

Much of Kenya can be included in the moderate category
with p2/P values lying between 31 and 50. There are two main
areas in this category; the first includes the lower lying areas
from the Athi-Kapiti plains in the south up through Isiolo to
the northern border. This is an area of markedly seasonal rains,
but with annual totals below 800mm. The second area is the Lake
Basin in the west which has a higher rainfall between 1300 and

2000mm but a more even distribution through the year.



The areas of lowest risk, with p“/P values between 11
and 30, include the low rainfall areas of Eastern Kenya, the Rift
Valley, the Uasin Gishu plateau in western Kenya, the Mau Escarp-
ment and the Laikipia plateau. These areas have a moderately

high to low rainfall evenly distributed through the year.

Regional contrasts in rates of soil erosion in Kenya
have been reviewed by Edwards (1977). He distinguishes two areas
of particularly high erosion risk, the upper Tana catchment and
the Basement Complex areas. The upper Tana catchment is one of
the areas with a high p2/P value. Steep slopes and intensive
cultivation increase the risk already inherent in the rainfall
distribution. Many of the areas underlain by the Basement Complex
fall into the moderate risk category for p“/P, but the risk will
be aggravated by the erodible, sandy soils and poor vegetation
cover that they support. The Kitui-Yatta area also includes
Basement Complex soils; here the magnitude of the erosion risk
due to a combination of rainfall and soil factors will be very
high. Edwards also notes high erosion rates in the Baringo area.
Although the Rift Valley has a low mean p2/P value, that for
Marigat was found to be 40.

The map of p2/P (Figure 1) shows the erosion risk due
to rainfall factors only and takes no account of topography,
soils and landuse. Even so there appears to be a relationship
between observed erosion rates and p2/P values. Hence the map
should indicate those areas of high erosion risk where conserv-
ation measures are most important, especially where the topo-

graphy or soils aggravate the potential for erosion.

SEASONAL CHANGES IN STORM EROSIVITY AND THEIR RELATIONSHIP TO
THE POTENTIAL SOIL MOISTURE DEFICIT, KATUMANI RESEARCH STATION,
MACHAKOS DISTRICT

Katumani Research Station was selected as the example
in this pilot study primarily because of the ready availability
of five day rainfall and evaporation data from the monthly Farm-
ing Weather reports published by the Kenya Meteorological Depart-

ment as well as rainfall records from a Dines tilting syphon



tropical gauge established in 1974. Katumani is also of interest
because of the considerable amount of erosion research already
carried out in this area (Thomas, 1974; Moore, 1979; Thomas et al
1979). The time span for the present study is from 1974 to 1981.
This is a short period for the analysis of rainfall data, but

is sufficient to point to certain relationships which can be
explored further for other stations. The eight years analysed
include a range of annual totals with five dry years (1974 to
1976, 1980 and 1981) and three wet years (1977, 1978 and 1979).

Estimation of rainfall erosivity

Rates of soil erosion have been related to a number of
storm characteristics including the total rainfall depth, inten-
sity and storm energy. Storm energy appears to be the most
significant and has been widely used as the basis of indices
of storm erosivity. Several such indices have been derived, but
there does not appear to be any one which is the best universal
predictor of soil erosion. These indices have been reviewed
elsewhere (Lal, 1977; Moore, 1978; Morgan, 1979). The index
adopted in the present study is the EI3O index as used by Stocking
and Ellwell (1976) in their work in Zimbabwe. Hence direct
comparisons can be made between the two studies. The EIaO index
combines the total kinetic energy of a storm with the maximum
sustained intensity lasting for thirty minutes. Monthly and
annual erosivity is found by summing values for all storms over
the relevant time period. Stocking and Ellwell give the follow-

ing criteria for a storm:

i) Storms must be separated by an interval of at least two hours;
amounts of less than 0.25mm in one hour were regarded as zero

rainfall.

ii) A storm must have a maximum five minutes intensity greater
than 25mm/hr.

1ii) Only rainfall occurrences greater than 12.5mm were consid-

ered as storms.

These criteria were adopted in the present study with the minor
modifications of a maximum five minute intensity greater or equal

to 25mm/hr and a minimum storm depth of 12.5mm. In all, seventy



four storms met these criteria.

For each of the seventy four storms the trace from the
autographic gauge was divided into small time increments of
uniform intensity and for each such period the rainfall depth,
duration and, hence, intensity were noted. The kinetic energy
for each time increment was estimated from the intensity; the
kinetic energy for the storm was calculated by summing the
individual values for all time increments. Hudson's relation-
ship as used by Stocking and Ellwell (1976) was used to estimate
kinetic energy from the intensity.

The relationship is given as:
£ =129.8 -127.5 J/m? /mm

where E is kinetic energy and I is intensity in mm/hr. The total

energy for the storm was then found as:

n
E, = . ((29.8 - 127.5 ) qi)J/m’
i=1 T

where qi is the quantity of rain in millimetres in time increment 1i.
The ES was then multiplied by the maximum sustained thirty minute

intensity to give the EI3O index of storm erosivity.

The storm erosivity values (EIaO) were analysed as
follows. Firstly, the seventy four storms were ranked by erosivity
and the rainfall depth accumulated for the ranked storms. The
percentages of rain over the eight year period falling as storms
with an erosivity greater than given values were calculated. From
the storm ranking the return period of storms of these same

erosivities were estimated using a partial series of all storms.

For each month the erosivity for individual storms was
summed and hence for the eight year period the mean monthly wvalue
was found. Similarly, the annual erosivities and mean annual
erosivity were calculated. Further, the monthly distribution
of rainfall as erosive storms and storms with erosivity greater
than 10,000, 22,000 and 40,000 J—mm/mz—hr was found.



Estimation of the potential soil moisture deficit

The moisture budget for a soil is given by the general
relationship

P = Et + AS + R
where P is precipitation, Et is evapotranspiration, AS is the
change in stored soil moisture and R is runoff or percolation.
Evapotranspiration rates are controlled on the one hand by the
evaporation potential as determined by atmospheric conditions
and on the other hand by the availability of moisture in the
form of precipitation and stored soil moisture. If the avail-
ability of moisture is low then actual evaporation falls below
the potential and a soil moisture deficit develops, equal to the
difference between the actual and potential evaporation. At
such times vegetation will start to wilt and, if the deficit is
severe or prolonged, the vegetative parts will die back altogether.
The soil moisture deficit should therefore be a good indicator
of live vegetation cover and hence the ability of the vegetation

to conserve the soil.

Mean monthly estimates of the potential moisture deficit
were taken from the soil moisture budget for Katumani analysed
by Obasi and Kiangi (1877). Their values are derived from mean
monthly estimates of precipitation and evaporation. The mean
monthly deficits:are shown in Figure 3, together with mean monthly
erosivity. In addition an analysis of the five-day soil moisture
budget was carried out on a continuous basis from September 1975
to December 1981. This allowed a detailed study of the timing
of erosive rains with respect to real time changes in the soil
moisture status. For each year the five-day potential moisture
deficit and the erosivity of each storm were plotted as a bar
graph. Examples for 1977 and 1980 are shown in Figure 4. From
these graphs, individual storms were classified according to their
timing with respect to the potential moisture deficit. Wet storms
were defined as those occurring at a time when the five-day
deficit had not exceeded 5mm for a period longer than ten days.
All other storms were classified as dry. According to Moore (1978)
many crops do not attain 50% cover until at least 30 days after

planting so that although storms falling early in the wet season



have been classified as "wet", in terms of ground cover they
are effectively "dry". Thus a classification based directly on

the potential moisture deficit underestimates the potential
erosion risk.

Results

The distribution of storm erosivity as a percentage of
total rainfall is shown in Figure 2. The analysis showed that
37% of the rainfalls as erosive storms defined according to the
given criteria. Some of these storms had a fairly low erosivity,
7% being between 2,000 and 6,000 J-mm/mq-hr. Such erosivities
were equalled by other rainfall events of depths or.inkensities
lower than.those used-to define an erosive storm. From a selec-
tion of these events the maximum erosivity was calculated as
5,460 J-mm/m ~hr for a rainfall depth of 22mm with a maximum five
minute intensity of 17.3 mm/hr. Thus the percentage of storms
with erosivities exceeding 2,000 J-mm/m -hr will be greater than
37%.

It is unlikely that rainfall events with erosivities
exceeding 10,000 J-mm/m?-hr would have been excluded from the
analysis. Such storms made up 25% of the total rainfall. The
equivalent percentage for 20,000 J-mm/m -hr was 16% and for
40,000 J-mm/mn-hr was 7%. Storms of these erosivities had esti-
mated return periods of 0.23, 0.5 and 1.3 years respectively.
The maximum storm erosivity of 134,560 J-mm/mz-yr occurred 1n
April 1981 when 98mm of rain were recorded in a period of ul

hours. The value of T for the storm was 58mm per hour. By

30
extrapolation a storm of this erosivity would have a return

period of around 50 years.

Annual erosivity, given in Table 1, ranged from a mini-
mum of 16,000 J-mm/m’-hr in 1976 to a maximum of 346,343 J-mm/m’-hr
in 1977. There does not appear to be a strong relationship
between annual erosivity and annual rainfall, a result in line
with Stocking and Ellwell's work. The mean for the eight year
period is 164,362 J-mm/m -hr. This figure is in the order of
ten times those found by Stocking and Ellwell (19876) for Zimbabwe.



Their maximum mean annual erosivity was just over 14,000 J—mm/mz—hr
Morgan (1979, p.28) presents a graph for mean monthly storm energy
at three stations in Zimbabwe, after work by Hudson. Hudson found
a value for mean annual storm energy of 4,900 J/m" for Salisbury,

a figure in general accordance with equivalent energy values for
Katumani. Stocking and Ellwell's map of erosivity indicates a

mean annual erosivity of 11,000 J-mm/m?-hr for Salisbury. Given
Hudson's energy figure, this indicates an average value of 2mm/hr.

For Katumani the wvalues for I ranged between 10 and 60 mm/hr.

30
The discrepancy between Stocking and Ellwell's results and those
for Katumani cannot. be:explained easily, but on account of the

correspondence with Hudson's energy figures the Katumani results

will be accepted as valid.

Turning now to the seasonal distribution, it can be
seen from Table 2 and Fig. 3 that the month with the highest mean
erosivity was April with a value of 69,668 J—mm/mz—h, coincid-
ing with the highest mean monthly rainfall. Table 2 shows that
the erosivity of individual storms was high. Of the total
monthly rainfall 47% came as high erosivity storms and 15% as
storms with an erosivity greater than 40,000 J—mm/mz—h. The
timing of these erosive storms is such that the erosion risk
is high coming as they often do at the beginning of the month
when the potential moisture deficit is severe and the vegetat-
ation cover poorly established. Cultivation at this time would
further aggravate the risk. This point is not fully brought out
in Fig. 3 which shows April to be a month without a potential
moisture deficit, but it can be seen for example in Fig. 4 which
shows a sequence of highly erosive storms falling at the beginn-
ing of April 1977.

May had a much lower erosivity. Uu49% of the total monthly
rainfall came as erosive storms, but these were generally of low
to moderate erosivity. Only 12% of rainfall came as storms with
erosivities greater than 20,000 J—mm/mz—hr and none exceeded
40,000. Figure 3 indicates a small mean potential moisture
deficit in May, but the five day analysis showed that this was
not present in wetter seasons. Generally May can be considered

as a month with a good vegetation cover, thus indicating a low



erosion risk.

From June through to October erosivity was at a minimum.
The total value for these months over the eight year period was
accounted for by two moderate storms, one in July 1974 and one
in September 1875. Thus, despite the dryness of these months
and the consequent high potential moisture deficit, the erosion

risk was low.

The erosivity of storms in the short rains was signifi-
cantly lower than in the long rains (March to May). Although
November had the second highest mean rainfall, it had a mean
erosivity of only 15,306 J—mm/mz—hr and a maximum storm erosivity
of 24,295 J-mm/m’-hr.

Only 29% of the monthly rainfall came as erosive storms.
December had an even lower erosivity value, due largely to the
infrequent nature of erosive storms. In some years storms of
high erosivity occurred, as can be seen by the maximum value of
34,889 J-mm/m’-hr.

The period between the long and short rains had relatively
high erosivities given the generally low rainfall. In January,
February and March the percentage of monthly rain falling as
erosive storms was 57%, 48% and 51% respectively. Mean erosivi-
ties were 13,150, 10,186 and 34,037 J—mm/m7—hr. The erosivity
of individual storms tended to be high. In March 9% of the monthly
rainfall came as storms with an erosivity exceeding 40,000 J—mm/mz—hr.
The erosive storms in March may or may not have marked the beginn-
ing of the long rains, but in all cases they were associated with
a high potential moisture deficit as were the storms of January
and February. This would indicate that with a consequent poor
vegetation cover the erosion risk during this period would have

been moderate to high.

As.a final analysis, storms were cumulated for wet and
dry periods as defined in Table 3. With the exception of 1981,
the higher proportion of erosive rains fell in the dry period.

In 1980, 77% of the erosive rains fell in this period, due largely



to one high energy storm at the beginning of March. For all
years an average of 60% of the annual erosive rainfall comes

in the dry period when the vegetation cover is lowest.

CONCLUSIONS

The analysis of rainfall erosivity and potential soil
moisture deficits at Katumani has shown that the period of
greatest erosion risk is that immediately preceeding and at the
start of the long rains in March and April. High storm erosivity
is coupled with high potential moisture deficits. In certain
years the erosion risk is also significant in January and
February. For the rest of the year the risk 1s much less. The
erosivity of storms occurring in the short rains of November to
December is much lower than those associated with the long
rains. In the dry season between the long and short rains

erosive storms are rare and of low magnitude.

It cannot be assumed that the pattern for Katumani
will apply to other stations in Kenya and further analysis is
needed to extend the study to different climatic regions within
the country. In 1974 the Meteorological Department extended
its network of recording gauges so that data is now available
for 34 stations. This should provide a reasonably substantive
network for mapping regional variations in erosivity. Poten-

tial evaporation records are also widely available.

Conservation measures must cater for the maximum
expected risk. Maps of annual erosivity average the risk
through the year and hence mask the higher risk occurring for
a short period. More useful for conservation purposes would
be a map showing the maximum risk for this short period which

for Katumani would be in March and April.

Before the present study can be extended two things
are required. Firstly it is necessary to define the relation-
ship between vegetation cover and the potential soil moisture
deficit. Secondly the potential soil moisture deficit and storm

erosivity should be combined so as to give an index of erosion
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rigk at different times of the year.

The author knows of only limited data on seasonal changes
in vegetation cover and as yet no review has been made. It is
hoped that some data for grassland communities will become avail-
able from current studies at Kenyatta University College. One
other possibility considered is the use of Landsat imagery to
monitor seasonal changes in vegetation cover, but the feasibility
of such a study has not yet been looked into. Any further inform-
ation for a range of plant communities and landuse systems would

be most useful to the extension of this study.
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Table 1: Annual Storm erosivity, Katumani research station
Year Annual Annual Erosive Storms as
Rainfall Erosivity % Annual Rainfall
mm J-mm/mz-hr
1974 119 53,710 21
1875 588 81,223 39
1976 523 16,006 11
1977 88Y4 346,343 50
1978 830 119,812 31
1379 954 247,991 39
1980 541 189,633 58
1981 648 260,175 39
Mean 673 164,362 37
Table 2: Distribution of storm erosivity (J-mm/mz-hr) by Month
Katumani research station, 1974-1981.
Month Mean Rain- Mean Max EI 3 % Rain Fall- % Storms with
fall (mm) Montbly for one’ %ng as Eros- EIgO_grgater thar
EI.’OSl- Storm ive storms 10,000 20,000 40,000
vity
Jan 52 13,150 27,900 57 35 31
Feb 39 10,196 26,784 48 34 13 0
Mar 94 34,034 66,709 51 33 20 9
April 175 69,668 134,560 47 41 32 15
May 61 20,961 37,082 49 35 12 0
June 12 0 0 0 0 0 0
July 10 822 6,574 25 0 0 0
Aug 7 0 0 0 0 0 0
Sept. 9 301 2,407 21 0] 0 0
Oct 28 0 0 0] 0 0 0]
Nov 136 15,306 24,295 29 10 4 0
Dec 72 7,094 34,889 12 12 5 0
Year 673 164,362 134,560 37 25 16 7
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Table 3: Distribution of storm erosivity between 'Dry' and
'Wet' Periods, Katumani research station, 1976-81
Year Dry » Wet Dry as % Total
(J-mm/m“~hr) Erosivity
1976 10,302 5,704 B4
1977 219,462 126,881 62
1978 62,240 57,572 52
1979 186,821 61,170 75
1980 133,760 55,873 77
1981 95,224 164,951 37
Total 707,809 472,151 60
Note: 'wet' period defined as one in which the potential mois-

ture deficit had not exceeded 5mm per five days for more

than ten days.
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FIG.1. REGIONAL VARIATIONS IN EROSION RISK AS GIVEN BY THE P/P
VALUE
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FIG. 2. CUMULATIVE DISTRIBUTION OF STORM EROSIVITY
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iig. 3 Monthly Distribution of Storm Erpsivity in Relation to Soil
Moisture Budget. For Katumani Research Station.
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Fig. 4: Storm Erosivity and Potential Moisture Deficit, 1977 and 1980
For Katumani Research Station.
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THE MAGNITUDES AND SOURCES OF SOIL EROSION IN SOME HUMID AND
SEMI-ARID PARTS OF KENYA. AND THE SIGNIFICANCE OF SOIL LOSS
TOLERANCE VALUES IN SOIL CONSERVATION IN KENYA.

By

R. G. Barber
Department of Soil Science
University of Nairobi

INTRODUCTION

Alarmingly high measurements of soil erosion rates have
been published by various workers in Kenya for both humid areas
(Dunne and Ongweny, 19763 Ongweny, 1979) and semi-arid areas (Dunne,
1977; Dunne et al. 1978; Moore, 1979; Thomas et al., 1981). Dunne
(1979) has shown that the dominant factor controlling soil losses
is land use. In this paper examples are given of some of the
problems associated with assessing the magnitudes, sources and
erosion processes responsible for these high soil losses. This is
followed by a discussion of the choice of tolerable soil loss values
and their significance in relation to conservation measures for

cultivated land.

THE MAGNITUDES., SOURCES AND EROSION PROCESSES RESPONSIBLE FOR SOIL
LOSSES IN SOME HUMID AREAS OF KENYA.

Catchment Sediment Yields and Soil Losses From Hillsides

Most of the published data on erosion rates in the humid
areas of Kenya are based on measurements of suspended sediment
transport rates from drainage basins (Dunne, 1974). Data for the
average annual sediment yields from five catchments of the Upper
Tana river in the Aberdares are given in Table 1 (Dunne and Ongweny,
1976; Ongweny, 1979). The calculated values are based on corrected
sediment rating curves and river flow duration curves for the
periods 1956-1970 and 1970-1977. The average sediment yields range
from 369 to 1356 t/km2/yr. Sediment yields from the cultivated
areas in each catchment were calculated from the areas under forest
and cultivation, and an assumed sediment yield of 20 t/kmzlyr from
the forested areas (Ongweny, 1979). Sediment yields from the
cultivated areas are appreciably higher than the average catchment

sediment yields, and range from 507 to 3036 t/km"/yr and from 786



- 21 -

to 4707 t/kmz/yr for the two periods of flow data. When these
values are converted into equivalent average reductions in soil
depth, assuming a soil bulk density of 1.0, the highest values
are 2.6 and 4.7 mm/yr for the Maragua and Mathioya catchments
respectively. However, these values in Table 1 are for sus-
pended sediment loads and exclude bed load contributions which
Dunne and Ongweny (1976) assume to be about 10% because of the
fine textured nature of the soils. It is also claimed (Dunne,
13738) that the suspended sediment yield values are a reason-
ably accurate estimation of the rates of soil loss from the hill-
sides, i.e. that the sediment delivery ratio, which relates
catchment sediment yields to the amount of soil loss from hill-
sides, i1s close to 1.0, Edwards (1979) however, estimates a
sediment delivery ratio of not more than 0.10, which would give
hillside erosion rates of at least 10 times the values given in
Table 1. As yet, there are no reliable local data from which
sediment delivery ratios can be estimated for drainage basins

in Kenya. Nevertheless, the annual rates of soil loss from
cultivated lands in the Mathioya and Maragua catchments are very
high, and if it is assumed that interrill and rill erosion are
the dominant erosion processes, the above values are substantially
greater than the maximum tolerable soil loss values used in the
USA (Arnoldus, 1977).

Table 1: Suspended sediment yields from sub-catchments of the
Upper Tana river in the Aberdares (Dunne & Ongweny,1976)

Catchment Average Sediment Yield  Sediment Yields from Cult. Land
(t/km® /yr) (t/km?/yr) (QELX£)+
(a) (a) (b) (a) (b)
Upper Sagana 415% 793~ 1229 0.8« 1.2
Mathioya (886) (3036) (4706(C (3.0) (4.7
Maragua 1356 1684 2610 1.7 2.6
Thika by7 507 786 0.5 0.8
Chania 368 719 111y 0.7 - 1.1
* based on 1960-1970 flow data (a) based on 1956-1970 flow data
(b) based on 1970-1977 flow data + assuming a soil bulk density of

() estimated values.

Source: Dunne and Ongweny, 1976.



- 22 -

The Soils in the Mathioya and Maragua Catchments and their Erosion
Susceptibility

The dominant soils in the Mathioya and Maragua catchments
are humic andosols, humic and eutric nitosols (Sombroek, 1980).
The humic andosols are mainly under forest, pasture or cultivated
with tea and would be expected *to give very low sediment yields
(Ongweny 1979; Othieno, 1975). The eutric nitosols, and by infe-
rence the humic nitosols, have been shown to possess a very low
erodibility (Barber, et al. 1979), i.e. they are characterised
by a high inherent resistance to erosion. This has led some
workers to state that there are therefore no serious erosion prob-
lems on the nitosols! Thus the high sediment yields in the Mathioya
and Maragua catchments may appear to be unexpected. However,
erosion rates depend not only on soil erodibility, but also on
the erosivity of the climate, slope gradient, slope length, and
on the crop management and conservation practices. Hence, although
the nitosols have a low erodibility compared to other soils, due
to their very stable microstructure (Ahn, 1979), they can still
give rise to high erosion rates on long, steep slopes where
annual crops are cultivated in the absence or near absence of
conservation measures. These in fact are the conditions found
in many parts of the Mathioya and Maragua catchments. Moreover,
Tefera (1981) has shown that when a eutric nitosol from Kabete
was subjected to various moisture contents for the prolonged
period of 16 hours, the structural stability decreased exponen-
tially with increasing aggregate moisture content (Fig. 1). This
may account for the very high soil losses measured from small
(1.5 m2) plots on a eutric nitosol at Kabete from two intense
rain storms falling on wet soils during May 1979 (Table 2). The

values given are mean values from 6 plots.

Table 2: Erosivity and Seil Loss at Kabete
Date Amount of R TFactor Soil Loss

rain (mm) (English wunits) (t/ha)*
10.5.78 49 30 1.11 11.1
26.5.79 62 13 0.81 8.1

~Extrapolation of soil losses to tonnes/ha from kg/l.5m2 cannot
be considered reliable.
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The Sources of and Erosion Processes Responsible for the
High Sediment Yields

The data in Table 1 establishes that erosion rates from
cultivated land in the humid areas can be very high, but gives
no indication of the nature of the erosion processes responsible
nor the precise sources of the sediment. To what extent are
the eroded sediments derived from interrill and rill erosion,
stream bank erosion or from mass movement? And to what extent
are the sediments derived from cultivated fields, from dirt roads
and footpaths, or from ditches and drainage channels? The type
of conservation measures required to reduce the basin sediment
yields will clearly depend on the source of the sediments and

the nature of the erosion processes responsible.

Road and Footpath Erosion

Dunne (1979) has emphasized the important contribution
to catchment sediment yields made by the erosion of dirt roads
and footpaths, which in heavily populated areas often form a
dense network linked to the streams and rivers. TFrom measurements
of the total surface area of dirt roads in a part of the Chania
basin, Dunne estimated, on the basis of soil loss measurements
from rural roads in N. America, that 15-35% of the Chania sedi-
ment yield could have originated from dirt roads. Dunne also
claimed that the sediment contribution from footpaths could be
of a similar order of magnitude to that from the roads. Thus 30
to 70% of the catchment sediment yields could have been derived

from road and footpath erosion.

Gulley Erosion

Gulley erosion appears to be an important source of
sediments in many of the Upper Tana river catchments, particularily
since the construction of tarmac roads. Often this has led to
greatly increased runoff volumes from the tarmac surfaces, exceed-
ing the discharges with which the existing drainage ways were in
equilibrium prior to the construction of the tarmac roads, and

as a result gulley and stream bank erosion have developed. However,
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there are, to the author's knowledge no reliable estimates of
the sediment yields caused by gulley erosion in any of the Upper
Tana catchments.

Mass Movements

The significance of mass movement as an erosion process
and source of sediments in drainage basins has been largely over-
looked in the past. However, the Kangema Divisional Agricultural
Office has recorded 40 mass movements in a 300 km area within
the Mathioya and Maragua catchments. In a recent study by
Kamau (1981), 35 of these mass movement were associated with
humic andosols, on slopes of 55-80%, that were cultivated with
tea, coffee, pyrethrum, maize and vegetables. Kamau estimated
that the 40 mass movements had mobilised about 1,000,000 m3 of
soil, equivalent to about 3:000 t/km2 in the area sampled.
Although most of the mobilised soil does not directly enter the
drainage channels, 4 out of the 10 mass movements studied by
Kamau extended to the river banks, and had changed from landslides
or earthflows into mudflows at the foot of the mobilised soil
mass. Continuing mudflow movements combined with stream bank
erosion had noticeably increased the river water turbidity. More-
over, most mass movements were observed to be very susceptible
subsequently to other erosion processes. A detailed study at
one of the sites, a humic andosol at Wanjerere, showed that the
soil behaved as an extra-sensitive 'clay', i.e. its liquid limit
(the moisture content at which a remoulded soil first attain
viscous properties) was less than the soil's natural moisture
content, even up to 24 hours after saturation (Fig. 2). Such
soils are particularly susceptible to mass movements. Moreover,
Kamau showed the andosols to have a very high water sorption
capacity compared to nitosols (Fig. 2), and consequently the
component of the soil mass acting along a potential shear plane
will be greatly increased during periods when the soil is close
to saturation (Fig. 3). At such times the soils shear strength
will be greatly reduced because of higher pore water pressures
reducing both the cohesion and the soil's internal frictional
strength. Under these conditions the probability of landslides

or earthflows occurring will be greatly enhanced. Kamau (1981)
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states that about 80% of the 4O mass movements were triggered

by very heavy rainfall in May 1981 when more than 300 mm rain
fell in 8 consecutive days. Some evidence suggested that mass
movements in this area have coincided with high (3000 mm) annual
rainfall totals with a recurrence interval of about 10 years.

If this is correct the rate of mass movement would be about 300
t/km“/yr, but the rate at which such mobilised soil masses would
enter the drainage system would be much slower. No estimates

of mass movement contributions to catchment sediment yields are

available for Kenya.

Estimation of the Extent of Rill and Interrill Erosion from
Cultivated Land

The area of land that becomes degraded by gulley erosion,
mass movements, stream bank, road and footpath erosion is probably
very small compared to the size of the catchment, but the contri-
bution to the total sediment yield may be very significant. Thus
the estimated average annual reductions in the soil depth from
cultivated fields (Table 1) may be overestimates. The only reli-
able data for soil losses by rill and interrill from the humid
areas are those obtained by Othieno (1975) at Kericho on a humic
nitosol from runoff plots on 10% slopes. Rates of soil loss in
the first year from young tea fields and with interplanted oats
were 161 and 34 t/ha/yr respectively. Clearly, much more data
is required, including reliable estimates for sediment delivery
ratios, before any reasonable estimates can be made of the annual
rates of soil depth reduction by rill and interrill erosion from
farmers' fields. Such information can best be obtained by install-
ing runoff plots in farmers fields on different soils, slopes and
for different crops. Once a certain amount of runoff plot base-
line data has been obtained, portable rainfall simulators can be
used to give comparative soil loss values with which to extrapo-

late the runoff plot data to other soil types.

THE MAGNITUDES, SOURCES AND EROSION PROCESSES RESPONSIBLE FOR
SOIL LOSSES IN SOME SEMI-ARID AREAS OF KENYA.

Catchment Sediment Yields

In the semi-arid areas the available data on catchment



sediment yields is much more limited, and partly reflects the
difficulties of taking regular samples from seasonal streams
(Edwards, 1979). Moreover, many of the semi-arid catchment
areas are associated with coarse grained Basement Complex rocks
where bed loads are likely to form a major contribution to the
total sediment load. The difficulties of measuring bed loads
and estimating sediment delivery ratios may produce large

errors in the estimated sediment production rates from hillsides
in the semi-arid areas. However, the problem of estimating the
total load was largely overcome in the Tiuni catchment, Machakos
District, by constructing a weir with a level approach channel
from which the 'bed load' deposits could be periodically measured
and removed. The 'suspended sediment load' was automatically
sampled from the flow passing over the weir. From a limited
period of measurements, the catchment sediment yield was esti-
mated to be 535 t/kmz/yr (Thomas, et al., 1981). Although this
value is typical for many catchments in the semi-arid areas,
higher values of up to 1,500 t/km“/yr have been estimated from
the Maruba river, Machakos District (Edwards, 1979) and even as
high as 20,000 t/kmz/yr equivalent to 20mm/yr from a steep grazed
catchment (Dunne, 1979).

Sources of, and Erosion Processes Responsible for the High

Sediment Yields

Measurements of soil losses from each of the main land
use types in the Tiuni catchment with a rainfall simulator showed
that the ratio of soil losses per unit area was 50:15:1 for the
degraded grazing land: cultivated land: good grazing land (Thomas
et al., 1981). Using these comparative values of soil loss, the
land use areas, the estimated catchment sediment yield and an
assumed maximum sediment delivery ratio of 0.2, the minimum rates

of soil loss were estimated as shown in Table 3.

These values show that the degraded grazing land is the
major source of eroded sediment. The minimum soil loss rate of
4.5 mm/yr is not dissimilar, bearing in mind that it is a minimum
value, to the estimates of 5 - 15 mm/yr obtained by Moore (1879)

from measurements of exposed Cenchrus ciliaris and Acacia Sspp.




Table 3: Minimum rates of soil loss from different land use types
in Fiuni catchment, Machakos district (Thomas et al.,1981)

Land Use Type % of Catch~ Soil Loss Minimum Soil Loss Rates
ment Ratio (t/km¢/yr) (mm/yr)

Degraded Grazing Land 37 50 5,330 4.5

Cultivated Land 43 15 1,600

Good Grazing Land,

Bush and Woodland 20 1 110 0.07

Source: Thomas et al., 1981.

roots in the same area. Moore's estimates can probably be regarded
as fairly reliable. The minimum estimated soil loss rates from
all but the good grazing land, bush and woodland are well in excess
of the maximum tolerable soil loss values accepted in the USA
(Arnoldus, 1977). However, the soil loss ratios for the three
land use types obtained with the rainfall simulator reflect the
susceptibility of the land to rill and interrill erosion. The
contributions from gulley, stream bank, road and footpath erosion
are unknown, but could be very significant if the minimum values
given in Table 3 seriously underestimate total soil losses from
the hillsides.

Thus the same situation arises as for the humid areas,
viz that much more data is required before the precise sources,
magnitudes and erosion processes responsible for the high catch-
ment yields can be established. for the semi-arid areas. Esti-
mates of the annual reductions in soil depth from rill and inter-
rill erosion from cultivated land can best be obtained from run-

off plots in combination with rainfall simulators as discussed in
Section 2.7.

COMPARISON BETWEEN CURRENT ACCELERATED AND CURRENT NATURAL EROSION
RATES

Sections 2, and 3 have stressed the very high, current
accelerated erosion rates due to man's influence from some drainage

basins in both humid and semi-arid parts of Kenya. At the same
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time, the lack of knowledge concerning the precise sources of
these sediments, their magnitudes, and the nature of the erosion
processes responsible have been emphasised. Some of the values
for erosion rates, particularly those obtained by tree root and
mound measurements in the semi-arid grazing lands (Moore, 1979;
Dunne et al., 1978), are probably reasonably reliable. The
extremely low soil loss rate obtained from a humid grazing area
at Kabete, albeit with a rainfall simulator, (Barber and Thomas,
1981), is also probably realistic. The only reliable rates of
soil loss from humid cultivated land are those obtained by
Othieno (1875) from runoff plots on nitosels planted with young
clonal tea plants with and without interplanted oats. The rates
of erosion from cultivated land in the semi-arid areas viz. from
the Tiuni study (Thomas et al., 1981l) and with a rainfall simulator
(Barber et al., 1979) cannot be regarded as realistic in absolute
terms. These estimates of the current accelerated erosion rates
are presented in Table 4 for comparison with the current natural

or geological rates of erosion estimated by Dunne (1878).

It is apparent from Table 4 that even though the validity
of some of the accelerated erosion rates is doubtful, the rates
are nevertheless one or two orders of magnitude higher than the
natural erosion rates, with the exception of grazing land in the

humid areas.

The Relevance and Significance of Soil Loss Tolerance Values

Soil loss tolerance (T) values are the maximum permitted
soil loss rates that 'will permit a high level of crop produc-
tivity to be maintained economically and indefinitely' (Wischmeier
and Smith, 1978). The generally accepted T values for renew-
able and non-renewable soils are given in Table 5 (Arnoldus, 1877),
and are primarily based on soil rooting depths. These values
apply to areas where rill and interrill erosion are the dominant
erosion processes, i.e. where soil losses occur more or less

uniformly over the land surface.
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Table 4: Estimated Natural and Accelerated Current Erosion Rates
(mm/yr)

Natural erosion Accelerated erosion rates

rates Grazing land Cultivated Land
Humid areas 0.02 to 0.032 0.0001° 5.7
(Volcanic rocks) 28.38
. . b d h
Semi-arid areas 0.04 to 0.12 5 to 15 (1.3
(Basement rocks) 5.3 to 10.5% (0.6 to 5.5)
( ) denotes particularly unreliable values
a Dunne (1979) for forested areas
b Dunne (1979) for lightly grazed woodland, bush
and grassland.
c Barber and Thomas (1981) from rainfall simulator
trials; good pasture land, 10% slope, eutric nitosol,
Kabete.
d Moore, (1979) from tree and grass root exposures;

degraded grazing land, chromic luvisols and orthic
ferralsols, Iiuni.

e Dunne et al., (1978) from tree root and mound measure-
ments; degraded grazing land, sandy clay loams, Ambosell.

i Othieno, (1975) from runoff plots; young tea interplanted
with cats. 10% slope, ..nitosol, Kericho.

g Othieno (1975) from runoff plots; young tea, manually
cultivated, 10% slope, nitosol, Kericho.

h Thomas, et al., (1981) from catchment yields and
rainfall simulator trials, Iiuni.

j Barber et al., (1979) from rainfall simulator trials,
10% slope, ferral-chromic luvisol, Katumani.

A knowledge of the T value for a particular soil is
intended to help, by application of the Universal Soil Loss
Equation (USLE) (Wischmeier and Smith, 1978), in selecting
appropriate land use types and management practices, to ensure
that the resultant rate of soil loss does not exceed the T value.
On the other hand Bennema and De Meester (1981) have suggested
that the selected T value should be determined not only by the
nature of the soil, e.g. its depth and fertility profile, but also



Table 5: Guide to Assessing Soil Loss Tolerance (T) Value
Rooting Soil Loss Tolerance Values
Depth Renewable soils Non-renewable soils®
(cm) t/ha/yr mm/yr t/ha/yr mm/yr"
0O - 25 2.2 0.18 2.2 0.18
25 - 50 4.5 0.37 2.2 0.18
50 - 100 6.7 0.56 4.5 0.37

100 - 150 9.0 0.75 6.7 0.56

> 150 11.2 0.93 11.2 0.93

a Substrata can be economically transformed into favourable
rooting medium.

b Substrata cannot be economically transformed into favour-
able rooting medium.

Assuming a soil bulk density = l.2g/cm3

by the type of land use being considered. Thus the tolerable
soil loss for a shallow rooted crop in a deep soil may be quite
unacceptable for a deep rooted crop growing in the same deep
soil. Bennema and De Meester have therefore proposed that

the acceptable rate of land degradation due to erosion, which
takes land use into account, is more meaningful than the
tolerable soil loss rate based only on soil depth. This approach
has obvious merits, but problems could arise if changes in the
type of land use, or changes in the face of the downstream
water are likely to arise in the future. Thus if a fairly high
T value is selected for a shallow rooted crop being grown in a
deep soil for a particular area, the resultant decrease in soil
depth with time may later preclude the possibility of changing
the land use to a deep rooted crop, even though this may be
desirable because of changing social or economic circumstances.
Consequently the author advocates that soil losses should
always be restricted to the minimum possible values unless this

is totally unfeasible on economic grounds.

How valid are the T values given in Table 5, and how

applicable are they to different environmental conditions in



Kenya? The maximum T value of 11.2 t/ha/yr was established in
the USA on the basis of very scanty evidence suggesting that

the rate of formation of the top humic A, horizon in a permeable,

medium textured soil in well managed croé land was about 11.2
t/ha/yr or 0.9 mm/yr (Bennett, 1939). This rate of formation

is much faster than the rate at which most parent materials
weather to form soil. The average weathering rate for uncon-
solidated parent material ig about 1.1 t/ha/yr, equivalent to
about 0.09 mm/yr (Smith and Yates, 1968; Smith and Stamey, 1965).
The rates at which consolidated parent materials weather are
much slower, particularly in semi-arid and arid environments.
Dunne et al., (1978) have estimated soil formation rates in
Kenya of 0.18 to 0.30 t/ha’/yr (0.014% to 0.024% mm’/yr) from con-
solidated parent material in the humid areas and rates less

than 0.125 t/ha/yr (<0.01 mm/yr) from consolidated parent materials
in semi-arid regions. These soil formation rates are appreci-
ably lower than the accelerated erosion rates except for grazing
land in the humid areas (see Table 4), and consequently soil
depth will rapidly diminish (Fig. 4) especially for the degraded
grazing lands in semi-arid areas. In a more detailed analysis
of the life span of soils, Dunne et al.. (1978) has shown that,
in the absence of any conservation measures being introduced,
about 50% of the Amboseli grazing lands on Basement Complex
rocks will have been stripped of their soil cover within 50 to
125 years, depending on the future rate of erosion. The problem
may be almost as acute in some of the cultivated areas. Even
without any interference from man, the estimated soil formation

rates are lower than the current geological erosion rates.

If conservation measures =z2rd cropping practices are
introduced for cultivated land, using an appropriate T value
e.g. 6.7 t/ha/yr for a soil of 120 cm depth, the thickness of
the soil's A horizon may be preserved, but the soil's rooting
depth will still decrease. A comparison between the rate of
soil loss governed by a tolerable soil loss value of 6.7 t/ha/yr

and soil formation rates is shown in Table 6.



Table ©6: Estimated Soil Formation Rates and Tolerable Rates of
Loss for A Soil of 120 cm Rooting Depth

Soil.formation rate from Rate of soil loss for
consolidated rocks (mm/yr) T value of 6.7 t/hal/yr
(mm/yr)
Humid areas
(Volcanic rocks) 0.014 to 0.024% 0.56
Semi-arid areas
(Basement rocks) < 0.01% 0.56

®Dunne et al., (1978)

bAssuming a soil bulk density = 1.2

From Fig. 4 it can be seen that even when 'good' con-
servation and management practices are implemented so that the
tolerable soil loss value is not exceeded, soil depth will still
be reduced by 20% within about 350 years or 17 generations.
Reductions in soil depth become particularly serious in semi-arid
areas where the quantity of available water is frequently the
most limiting factor in crop production. If a relatively large
proportion of the seasonal rainfall occurs in a few very heavy
storms, which is the situation in much of semi-arid Kenya, then
the soil must be deep enough (i.e. possess an adequate available
water capacity, to retain most of the water from these heavy
storms if the crop is to reach maturity. As the soil depth
decreases, . the soil's capacity to retain water will steadily
decrease, and the yield and the probability of obtaining a crop
will both be reduced. It can therefore be concluded that soil
loss tolerance values do not permit 'a high level of crop produc-
tivity to be obtained economically and indefinitely!.' This
raises ethical and moral considerations which have been discussed
by McCormack and Young (1981). The more we permit soil degrad-
ation to occur, the more difficult and the more costly it will
be for future generations to halt degradation and to restore
soil productivity. Future generations will undoubtedly benefit
from our efforts to control erosion, and we surely have a respon-

sibility to conserve our soil for their benefit, even if the costs



involved are uneconomic on a short term basis.

POSSIBLE APPROACHES FOR REDUCING SOIL EROSION RATES

Recent evidence has suggested that soil erosion rates
in Kenya are increasing. In the semi-arid grazing areas Dunne
et al., (1978) have shown a three- to four-fold increase in
erosion rates in the Amboseli area during the 10 to 15 years
prior to 1976. Ongweny (1979) has reported significantly higher
catchment sediment yields from the humid cultivated areas of
the Aberdares from 1970 to 1977 compared to the period 1956 to
1970. 1In the predominantly semi-arid cultivated areas of
Machakos, Kitui and Embu Districts, data for the annual food

6 kg/mm

production per mm of rainfall has decreased from 1.09.10
rainfall in 1970 to 0.48.106 kg/mm rainfall in 1976 (Government
of Kenya, 1978). This decline in productivity has been attri-
buted to land degradation by water erosion. Thus the problem
appears to be getting steadily more serious. Moreover even

the implementation of management practices based on the generally
accepted soil loss tolerance values will not succeed in main-
taining the productivity of land on a sustained basis. Ideally,
rates of soil erosion should be restricted to soil formation
rates, but in most cases, and particularly where terraces are
graded to permit discharge, it is extremely difficult, if not
impossible, to restrict erosion even to 1.1 t/ha/yr i.e. 0.09
mm/yr (McCormack and Young, 1981). Soil formation rates in Kenya
are generally less than 0.024% mm/yr. The problems may seem in-
superable, yet that should not dissuade us from striving to
minimise the rate at which land is being degraded. The following
discussion refers to just a few measures which may be of help in

reducing soil losses from cultivated land.

For the semi-arid areas, apart from the steeper land,
it has been proposed that level (end-to-end) steep backslope
terraces should be constructed with partially closed ends
(Thomas et al., 1980; Barber et al., 1981). Such terraces, by
acting as closed systems, should restrict soil and water losses
to very low values, provided the 'lip' is of adequate height and

the terraces are properly constructed and well maintained. A



nomograph has been produced to assist in obtaining the correct
design specifications. With time these terraces will develop

by natural erosion and tillage practices into level (front to
rear) bench terraces (Fig. 5), when further soil and water losses
should be negligible. However, these claims need to be verified
by further research and particularly with respect to the maximum
slopes on which they will be -effective. Spacing of these terraces
must be selected so that the reduction in soil depth along the
upper parts of the terrace, during the transformation to level
bench terraces, does not result in the soil depth being reduced
beyond the minimum value required by the crop. The relationship
between tolerable reduction in soil depth, slope of the land and
the optimum terrace width has been given by Barber and van

Eijnsbergen (1981).

One of the main factors responsible for'high soil and
runoff losses from cultivated land is the development of surface
crusts. Tefera (1981) has shown for a wide range of Kenyan
soils that crust thickness is highly correlated with per cent
runoff (r = 0.81)*% and soil loss (r = 0.80%%), A previous
laboratory study on the effectiveness of three soil conditioners
applied at different concentrations to a highly erodible
luvisol, showed that polyvinyl acetate (PVAc) was the most
effective in reducing surface crusting and gave 97% and 84%
reductions in runoff and soil loss respectively when compared
to controls, (Barber, 1979). Subsequent field trials with PVAc
confirmed its effectiveness in reducing erosion and runoff
(Barber and Thomas, 1981), and PVAc appears not to be readily
degraded in temperate soils (Young and Harris, 1976). However,
its persistence in tropical soils requires further study
(Harris, 1982). In the semi-arid areas the increased infilt-
ration due to the PVAc infiltration would be expected to give
higher crop yields (Dowker, 1963) and to offset to a greater
or lesser extent the costs of applying the PVAc. Preliminary
analyses (Barber, 1979) suggest that PVAc may be economical for
some high value crops, in addition to reducing soil erosion, but

this needs to be substantiated by further studies in the field.



In the humid areas the much higher rainfall is likely
to preclude the widespread use of level (end-to-end) steep back-
slope terraces. Graded terraces capable of discharging excess
runoff are probably more appropriate, but additional measures
may still be needed to restrict soil losses to minimum values.

If detachment is the limiting factor it will be preferable to
reduce the rate at which soil particles are detached. Songambele
(1882) has convincingly demonstrated that the application of
filter mud at 30 and 60 t/ha greatly reduced the detachability

of two soils (Fig. 5) as measured by the water drop test of Bruce-
Okine and Lal (1975). There is also evidence suggesting that

the application of organic manures to a humic andosol at Gituamba
has significantly reduced its detachability. Grass mulches at
rates of 1, 2 and 4 t/ha and PVAc applications have also been
shown to reduce detachment from a eutric nitosol at Kabete (Barber
and Thomas, 1981). If transportation is the limiting factor

it will be preferable to reduce the transportation capacity of
the overland flow. Possible approaches would be the construction
of ridges parallel to the contours, the application of mulches

or crop residues, and by the use of grass strips. Studies on

the latter method have recently been initiated by Tefera, (13982)
but the effectiveness of mulches and crop residues on different

soil types and slopes still needs to be investigated.

CONCLUSIONS

Although considerable data exist from both humid and
semi-arid areas showing that sediment yields in many rivers are
unacceptably high, there is very limited evidence to indicate
the precise sources and erosion processes responsible for these
high erosion rates. The contributions from gulley, road, foot-
path and stream bank erosion and from mass movements have not
been quantified, but may contribute significant proportions to
the total sediment yields. In such cases the high soil losses
often assumed to be derived from cultivated land may be over-
estimates. Very little reliable data is available for soil losses
by rill and interrill erosion from cultivated land, though some
probably reliable data has been recorded from grazing land. It

is recommended that runoff plots need to be established in the



cultivated areas on selected soil types, cropping practices and
slopes to provide base-line data which could then be extrapolated

to other soil types using rainfall simulator data.

Despite the uncertainty of existing erosion rate data
from the cultivated areas, this data and that from the grazing
lands in the semi-arid areas, are far higher by one or two orders
of magnitude than the natural erosion rates and the estimated
soil formation rates from consolidated parent materials. These
erosion rates are excessive and soil depth will be reduced at
drastic rates unless effective conservation measures are intro-
duced. These effects are likely to be most serious in semi-arid
regions where soil depth, and hence the soil's available water
capacity, is often one of, if not the most important of the
soil properties affecting crop yields. In the absence of con-
servation measures in the semi-arid grazing lands, it has been
estimated that 50% of the land in the Amboseli basement areas
will be stripped of its soil ccver within 50 to 125 years. More-
over, there is evidence that soil erosion rates are accelerating

for both grazing and cultivated lands in some parts of Kenya.

If cropping and conservation practices are introduced
to 1limit soil losses from cultivated land to the tolerable soil
loss values used in the USA, there will for many soils still be
a decline, though at a slower rate, in the productivity of the
land. Thus for a soil of 120 cm rooting depth there would be
a 20% reduction in depth within 350 years. This slow but steady
decline in productivity raises certain ethical and moral issues.
To what extent are we responsible for conserving the soil for
future generations? For the next 5, 10, 20 generations or for
how long? Our decision on this issue will of course influence
the intensity and stringency with which soil conservation measures

must be implemented.

In order to minimise soil losses it is sdégested that
steep backslope terraces, and polyvinyl acetate under some
circumstances, may be very effective in reducing soil losses
from cultivated land in the semi-arid areas. However, more

research is needed on the effectiveness of steep backslope terraces,



especially on steeper slopes, and on the economic feasibility

of using polyvinyl acetate, and its persistence in soil under
tropical conditions. In humid cultivated areas graded terraces
will often be indispensable, but where detachment is the domi-
nant process limiting erosion, further decreases in soil loss
may be achieved by the incorporation of organic materials or the
application of mulches to reduce detachability. Where the
transportation capacity of overland flow is the limiting factor,
soll losses may be diminished by ridging, the application of
mulches or crop residues or by grass strips. However, the effective-
ness of these measures on different slopes and on soils of

different erodibility needs to be investigated.
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Fig.| RFI ATIONSHIP BETWEEN AGGREGATE DETACHABILITY AND
AGGREGATE MOISTURE CONTENT AFTER 16 HOURS EQUILIBRATION

FOR A EUTRIC NITOSOL
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Source: Tefera, 198!
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Fig.2 MOISTURE CONTENT DRAINAGE CURVES
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Fig.6 INFLUENCE OF INCORPORATED FILTER MUD
AGGREGATE DETACHABILITY

Filter mud application rate {t/ha.)

t Given by the reciprocal of the number of water drops
required to disperse the aggregate

Source: Songambele | 1982
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THE EROSTON MONITORING PROGRAMME OF
THE NATIONAL ENVIRONMENT
SECRETARIAT

By

L. A. Lewis
National Environment Secretariat
Nairobi.

In July, 1981 the Natural Resources Management Division
of the National Environment Secretariat began the initial stage
of developing a programme to assess land degradation within
Kenya. The first phase in this monitoring programme is concent-
rating on estimating the amount of soil loss as well as determin-
ing the environments in which major erosion occurs. The ultimate
objectives are to quantify the amount of erosion occurring,
identify the general environmental settings in which erosion is
a major problem, and to make this information available to any
ministry -concerned with ameliorating land degradation. A second
objective is to develop a simulation technique to determine if
proposed activities will be deleterious to the existing land
resource base. and, if so, what changes in land use plans might
be suggested to minimize negative impacts (objective 3). It is
the intent of the Secretariat that the data provided will be
useful in designing general safe criteria for land use planning

and legislative purposes.

The pilot area in Kenya where data are to be gathered
for the development of the soil erosion monitoring is Kiambu
District, Central Province. Given the relatively weak data
base for this area, it was necessary first to develop criteria
to determine whether in fact land degradation is occurring and,
if so, to what degree. Six maps and tables of all of Kiambu
District were compiled illustrating the distribution and vari-
ability of estimated soil loss under 'natural' vegetation condi-
tions. These values are considered to represent tolerable soil

loss levels for agricultural purposes.~ These values imply that

Lo

* These maps are available in the National Environment Secretariat.
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even under natural conditions the soil loss is high such that

certain areas are prone to excessive sedimentation if reservoirs
would be built in the catchment areas.

A reconnaissance of Kiambu District is under way examin-
ing the various environmental settings found in the area as well
as to observe the state of soil erosion and conservation. Within
each of the seven divisions, the division's agricultural officer
and often the D.0. point out the problem areas from their pers-
pectives. In addition conwersations with the farmers add further
insights into crop selection, conservation practices, as well
as other factors affecting soil erosion. Preliminary measurements
on some serious gully formations are being made during this phase

including location, magnitude, and the apparent cause.

Some preliminary observations concerning land degrad-
ation that will be monitored during the 1982 long rains are:
First, the impact of clearing ever increasing steep slopes for
agricultural purposes. This trend is likely to continue to meet
the needs of the rapidly growing rural population. Erosion 1is
clearly accelerating due to the use of these marginal lands.
Non-reversible change is likely to occur in some areas (For
example the upper regions of Gatundu Sub-division) and the soil
resource will deteriorate if present trends continue. Second,
concomitant with the use of these steeper lands is deforestation
Third, almost all soil erosion resulting from agriculture is from
sheet wash, but ever increasing gully erosion is occurring on
rural lands due to runoff from roads. This relatively new
problem appears to be accelerating. Data on this phenomenon
will be obtained. One gully already measured has removed at
least 1,972 cubic metres of good agricultural land and has
resulted in severe depositional problems. Gully formation along
footpaths is also a problem, but unlike those resulting from road
construction, conservation is already noted in many parts of the
district. Fourth, many of the cash crops are particularly prone
to accelerate erosion if conservation is not practiced. For
example, pyrethrum in Limuru and Lari Divisions appear to result

in high soil losses.
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Within Kiambu five automatic raingages have been installed
to measure the amount, duration, and intensity of rains during
1982. In addition 28 soil traps are installed in all of the major
environmental settings found in the area. The relations between
crop, ground cover, precipitation, topography, soil, and conserv-
ation practices in affecting soil erosion are to be determined.

By comparing the actual soil erosion being determined through the
field work with the 'natural' soil loss values already obtained an
assessment of land degradation will be developed. This phase of
the project should be completed by December, 1982. The findings
from the Kiambu study will then be applied to other areas in 1983.
The Secretariat eventually intends to monitor land degradation
nationally once the methodology for the assessment is completely

developed.
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THE DESTIGN AND TINSTALLATION OF RUN-OFF PLOT EQUIPMENT
FOR_THE NATTIONAL DRYLAND FARMING RESEARCH STATION,
KATUMANT, MACHAKOS

By

Larry G. Ulsaker

USAID Dryland Cropping Systems Research
Project
KARI, Muguga, Kenya.

INTRODUCTION

Runoff plot equipment was designed and installed at the
National Dryland Farming Research Station (NDFRS), Katumani,
Eastern Province, Kenya during 1980. The installation will
facilitate a long term research program involving measurement
of soil erosion and water runoff, investigation of the causes

and mechanics of each, and evaluation of preventive measure. :

After several decades of specialized research.on soil
erosion and conservation problems it has been found that there is
no satisfactory substitute for runoff plots as they supply basic
data which may be secured only by actual measurement of the
quantities of soil and water lost by erosion and runoff, Kirkby
and Morgan (1980)).

This account describes the deééén, construction, and
installation of the runoff equipment. It will serve to document
why and how the work was done as it was, which will be useful
to those working on the Katumani runoff plots. It may also be
of assistance to others planning to develop additional runoff

research facilities.

There are as many ways to develop a runoff research site
as there are sites (hundreds) becauses every site in use today 1is
unique. The equipment design criteria will vary with the location
soil type, land use, and climate of each site. Yet basic procedures
have been developed to aid site selection, and methods of determin-
ing equipment design are established, Mutchler (1963). This public-

ation reports how these were utilized in developing the runoff
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plots at the NDFS, Katumani.

SITE SELECTION

Geographic Area and Soil Type. One of the objectives

of this runoff site is to evaluate the influence of climate and
soil conditions on erosion in the Machakos area. Therefore the
site must be located on a prevailing slope of a major soil type.
Fortunately, such a site exists on the NDFS. The well drained,
deep, dark reddish brown, friable, sandy clay soil of undulating
uplands, on which the site is located, was developed on biotite
and banded gneisses and occurs extensively in broadly scattered
patterns throughout the area. It is classified as a chromic
luvisol by the TFAO/UNESCO (1974) soil classification system, or
as an oxic paleustalf by the USDA Soil Taxonomy (1975) system.
Siderius and Muchena (1977) concluded that crop research results
derived on the NDFRS may be extrapolated to the medium potential
areas of Eastern Province, though only for areas with similar
rainfall distribution and altitude. Considering these restric-
tions plus that of soil type the crop research results may still
be extrapolated to an area of over 100,000 hectares according

to the Consortium for International Development, Pre-investment
Inventory (1978).

Another objective is to compare the effects of different
agronomic practices on erosion and water runoff. Consequently,
the plots must accommodate statistical comparison, which requires
that all plots have comparable slopes, soils, history, etc., to

minimize variables other than those being studied.

Topographic Considerations. When the geographic area

and soil type have been determined, it is desirable to select an
area of uniform slope which represents the upper half of the

percent slope range for the chosen soil type.

Careful inspection of over 240 hectares on the station
failed to reveal a site with uniform slope, soil type, and history

that was large enough to accommodate 16 runoff plots. Therefore,
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the number of plots was cut to 12. In the United States most

of the first runoff plots were 72.6 feet (22 meters) long with
widths in multiples of 6 feet (1.83 meters) to give multiples

of Tog acre in area. These dimensions were widely used for con-
venience in making calculations. Also new plots of the same
length allowed more direct comparison with old plot data. A 10%
slope had been selected earlier because a considerable portion
of this soil type occurred on that gradient as well as much of
the surrounding cultivated area. To develop a site on a 10%
slope that could accommodate 22 meters long plots required plow-
ing out an old terrace. Avoiding such extensive surface soil
disturbance was considered more important than being able to
compare results directly with old data, at least for the time

being. Consequently the plots are currently 10 meters long.

Plot width has little relation to soil loss per unit
area on plots cultivated up and downhill and a three meter wide
plot will accommodate five 60 cm rows, which is adequate for most
research purposes. In many of the earlier plots, rows were
planted along the contour. It soon became recognized however,
that contour field management cannot be simulated in runoff
plots because of complete balking within small plots and little
concentration of row water, Mutchler (1963). Therefore most run-
off plots are now planted up and downhill, and quantitative data

are adjusted for effectiveness of contour-farming.

Considerable area is required below the plots for the
measuring equipment (runoff collecting tanks). Placing the
equipment further down the slope will reduce the excavation
necessary to maintain adequate head. But the possible sites
available and experimental objective, a topographic map on a 3
meter grid with a 0.5 meter contour interval was made. It would
have been desirable to overlay a soil map on the *topographic map,
but there was no map available and arrangements could not be
made to conduct another detailed soil survey of the area as well
as design, fabricate, and install the runoff equipment before
the approaching short rains (October, 1980). In retrospect, it

would have been prudent to take the time for another detailed
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soil survey, as other factors delayed installation until Jjust

prior to the long rains (March, 1981).

The farm manager for the NDFRS, Katumani, provided the
following history of the site:

It was first cleared and plowed in 1858. Although not
recorded it is assumed the terraces were constructed at the same
time.

1857 = 1958 (October) RAins .....iiiiiiieieennnonnens
1958 Long (April) RaAiNS ...t eenooeenannns Catch Crop

1958 - 1959 Short Rains thru 1961 Long Rains ........

1961 - 1962 Short Rains thru 1964 Long Rains ........

1964 - 1965 Short Rains thru 1968 Long Rains ........

1968 - 1969 Short Rains thru 1974 Long Rains ........

1974 - 1975 Short Rains ........

1975 Long Rains thru 1975-1976 Short Rains ... Cropped

1976 Long Rains ........ Sorghum

1976 - 1977 Short Rains thru 1978 Long Rains ........ Pasture
1978 - 1979 Short Rains ........... Maize

1979 Long Rains ............ Pasture

1979 - 1980 Short Rains ........... Cropped
1980 Long Rains ............ Beans

1980 - 1981 Short Rains ........... Completed

Installation of
Runoff Equipment
1981 Long Rains ............ Maize

In some instances, the specific crop was not recorded
nor were the fertilizer application rates, yields, or other agro-

nomic data.

EQUIPMENT DESIGN

Although no two runoff sites are the same, the basic
equipment always consists of a plot boundary to prevent water and
soil from entering or leaving the plot; a collector which serves
as a weir at the end of the plot; a conveyance channel to handle
the flow of soil and water; a sludge tank to contain the soil

sediment and water; a multislot divisor with a precision plate
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to accurately measure out a portion of the overflow from the
sludge tank; and one or more aliquot tanks to contain the measured
overflow. Many researchers install small, removable intertanks
directly below the inflow spout of the sludge and aliquot tanks.
This greatly reduces the time and labour required to sample and
cleanup after small storms and improves the accuracy of volume

measurements.

The equipment must collect the runoff and soil loss from
the plot and held a measured portion for measurement and analysis.
Generally, three basic types of measurements are required to
determine the amount of soil erosion, sediment movement, and
sediment deposition: (1) measurements of sediment in surface run-
off from small experimental plots, (2) measurement of the eroded
area to determine the volume of material removed, and (3) measure-
ments of the volume and density of sediment deposits. The size
and capacity of the equipment are determined by the anticipated
maximum rate and amount of runoff and sediment to be sampled.

For equipment design purposes, the storage required for runoff
and soil loss is estimated by using 100 percent of the 2i-hour
duration rainfall amount expected once in 100 years. Mutchler
(1963) acknowledges that runoff rarely equals 100 percent of the
rainfall, but feels that it is safest for figuring the storage
capacity required. The maximum 24-hour rainfall amount recorded

at Katumani between October, 1956 and February, 1982 is 100mm.

An estimate of soil loss is also needed in figuring
the design volume for storage. Soil loss measurements for the
marginal lands of Kenya have not been determined, but the Con-
sortium for International Development (1978) utilized the univer-
sal soil loss equation (USLE) to estimate soil loss in the
districts of Machakos and Kitui. The estimate for an 8 percent,
60 meter slope under continuous maize with residue removed was

114 tons/hectare/year.

Plot Boundaries can be made from earth ridges, wood or

asbestos - cement planks, sheet metal strips, etc. Each has advan-

tages and disadvantages. The author has experienced good results
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with 26 ga. sheet metal strips 2.5 meters long x 22 cm. wide.
They can be handled by one man and easily removed when cultiv-
ation of the plots is necessary. Two matched holes are drilled
in the ends of each strip so they may be bolted together,
making them watertight. They are placed on edge along the plot
boundary and pounded in about 8 cm. - deep enough to prevent
Piping and tunneling by rodents. A little soil is then heaped
up against the outer face of the strips to increase their
stability and prevent seepage. Still, periodic checks during

the rains are essential to eliminate leaks and seepage.

The Runoff Collector can be made of various materials

and designs. Sheet metal construction is preferred to concrete
so the level can be adjusted to the level of the plot as erosion
occurs. An endplate of galvanized steel furnishes a stable
attachment for the collector and blocks off the plot end. It
should extend at least 20 cm. below the bottom of the collector
trough. The collector and endplate are designed to reach

across the entire 3 meter width of the plots. For wider plots,

it:is best to concentrate the runoff before collecting it.
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This collector and endplate were made from 26 ga. galyanized
sheet metal, The collector is 25 cm. wide and 35 cm, deep as illus:-
trated;

Collector Trough

DEPTH=35cm

"WIDTH= 25 cm.

M ‘BOTTOM SLOPE=S5%

NOTE: M;is equal to height of conveyance channel (25¢m).

The width must he enough to form an efficient channel and
allow easy cleaning, The bottom slope should be a minimum of 5
percent, but can be more, depending on the overall length of the
trough and the required depth, The latter depends on whether a
rate measuring flume is used or wether the runoff is conducted
directly to the sludge tank, Rate measuring flumes enable a run-
off hydrograph to be made from erosion experiments but are more
complicated to design, maintain, calibrate; and present problems
of measurement inaccuracy due to sediment deposition in them.
When no rate measurements are taken, the collector depth is based
on the size of the conyeyance channel needed to carry the runoff
load.

The collector trough is coyvered with a 2.5 cm mesh screen
to help keep field trash out of the system. A sheet metal cover

fits oyer the top to preyent rain from entering,

The Conveyance Channel must be designed to handle a minimum
yelocity of 2 f,p.s., (0.61 m,p.s.) at about 20 percent of the

largest flow expected., This ensures nonsilting velocities through-
out most of the range of flows encountered. The largest flow
expected is estimated to be 0424 cusec, (1.2 1/s).

When the above requirement for minimum velocity is used, the
conyeyance channel must be placed on a supercritical slope. Thus,
the design problem resolyes into a calculation of capacity governed
by entrance conditions and slope requirements to maintain a minimum
yvelocity. Since the flow goes through critical depth, the channel
depth at entrance must equal critical depth plus half the hydraulic

depth plus freeboard as in the case of an open conduit.
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For a rectangular channel, the total depth (M) is

M = dc + % + G

where dc = critical depth
D = hydraulic depth = dC for a rectangular section
G = freeboard

Critical depth is dependent on flow rate, so an estimate of run-

off rate is used to calculate critical depth from the equation:

2 ‘\’ -

dC =/ “Q: V' =/ .0u2y = .063ft
492 & 32} (1.9cm)
where Q = flow rate = .O424 cusec (1,2 1/s)
g = gravity = 32ft/s? (9.81m/52)
b = <channel width = .49ft (15 cm)

The freeboard (G) is approximately 10% of the waterdepth, so

c = 1 fa + d\ = 1 (.063 + .063\= .0095ft
] 10 2 J (0.28 cm)

Then using the first equation to find M

M = d + D+ G = .063 + ,063 + ,0095 = .104ft
c 7 7 (3.12 cm)

This M is the channel depth necessary to prevent ponding in the
plot. As it could be desirable to make the plots much larger

in the future, the channel depth was increased to 25 cm.

Sludge Tank Storage capacities vary greatly with location

soil type, land use and climatic conditions. Brakensiek, Osborn
and Rawls (1979) report that sediment rates as high as 110 tons
per hectare have been recorded from single runoff events and that
the bulk densities of the trapped sediment ranges from 641 to
1,602 Kg/ma. The bulk density of the surface soil at the Katumani
runoff site is 1,220 Kg/mS.

Assuming a maximum annual soil loss of 114 t/ha. and that
the sludge can be emptied after a storm causing half this loss,
then the required capacity is .1um3. To allow for plot enlarge-

ment and storage space for water, a sludge tank with .78m3 capacity
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was designed to be made with 25 ga. metal, 1.82 x .76 x .60 meters
with rounded ends and a top.

The major function of the sludge tank is to retain ana
store all the heavy soil material, passing only a mixture of
suspended sediment to the multislot divisor. High entrance yelo-
cities from the runoff plot will cause turbulence in the sludge
tank. This is reduced by placing two screens across the flow
through the sludge tank, thereby increasing deposition. The screens
also keep trash, snakes, etc, from clogging the diyisor. They
don't extend to the tank bottom and freeboard is allowed at the
top to insure flow even if the screens do become filled with trash.
The screen near the entrance is of 2,5 cm. mesh and the second is
1.3 cm, mesh, Both screens are remoyable for easy cleaning of the
tank and the tank bottom is fitted with a drain plug.

The Multislot Diyisor is a deyice for taking an aliquot

of runoff water. It is based on the premise of a uniform horizon-
tal flow velocity throughout the head variations. The essential

part is the slot plate which contains 9 slots 2.54 cm wide x 20.32 cm
high with a capacity of 1.5 c.f.s. (42.5 1/s). Various other slot
plate designs exist with capacities ranging from .09 to 4 c.f.s.

(2.5 « 113.,2 1/s),

As the runoff flows through the slots, it is diyided into
equal parts, The portion discharged by the centre slot is retained
in the aliquot tank. The multislot divisor is one of the best
sampling units available for quantitative measurements of runoff
and with careful construction and installation, the divisor ratio

1s accurate to about 1 percent for a runoff period.

The use of a sludge tank contributes to the success of the
multislot diyisor since the heayier soil drops out in the sludge
tank. Hence the diyisor only has to handle the suspended silt
load, An entrance arrangement to the diyisor (as illustratedl

ensure suspended load mixing,
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The detailed specifications and plans for the multislot
divisor that were followed by tThe contractor are included in
Mutchler (1963).

It is important to select a good contractor and work
closely with him during construction of the equipment, especially
the multislot divisor. One who has a machine for punching the
slot plate will achieve slot plate similarity much easier than
one who must saw and shape to the required tolerances. For example,
the slots and precision plate should not deviate from a straight
line by more than 0.13 mm. and it is best if they are stainless
steel. The contractor should be an excellent welder experienced
in working with stainless steel, as the precision plate has to
be electrically spot welded to the slot plate. Also all welded
seams and soldered joints must be watertight. All inside surfaces
should be smooth with no dents, warps, blemishes, solder or tool
marks. Gocod machine shop practices are required in the fabric-
ation and assembly of all the equipment so the closer one works

with the contractor, the betfter.

The Aliquot Tank stores that portion of the runcff dis-

charged by the center slot of the multislot divisor. It is made
of 26 gauge galvanized metal, 1.5 meter diameter and 1 meter deep
with a storage capacity of 2,640 litres. Like the sludge tank,

it is coated with bitumen, fitted with a drain plug, and a 72 litre

can is set under the inlet to catch small flows.

Couvers are necessary for each piece of equipment to
prevent precipitation from falling directly into the system. The
collector cover is 26 ga. galvanized sheet metal. These .for the
sludge and aliquot tanks are 26 ga. sheet metal; for the con-

veyance channel, 22 ga. galvanized sheet metal.

INSTALLATION OF EQUIPMENT

The essential features of any runoff plot installation
include those required for acquiring accurate data and those for
convenient operation. To insure adequate consideration of these

features, the installation should be fully planned even before
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making the site selection, as a runoff plot can be designed for
almost any site topography.

The downslope topography dictates the amount of excav-
ation and type of drainage required for the equipment. The ideal
situation is where the slope allows placement of the tanks close
to the surface and the use of ditches to drain away runoff waste.
This was not possible at Katumani, as the space between the
bottom of the plots and the next terrace was barely adequate for
the pits and service road. A service road along the line of
equipment is essential to provide access with vehicles. The pits
had to be close up under the plots and the conveyance channel
leading from the plot to the sludge tank, a maximum of 4 meters
long. Still, all the surplus runoff from surrounding areas can-
not be disposed of in surface ditches. Four 7 cm diameter cul-
verts, equally spaced, convey runoff under the road to four 2 m3
pits filled with rock. As in the conveyance channel design, the
culverts had to be installed so the flow velocity is kept above
2 f.p.s. (0.61 m.p.s.).

The first step in installation is to establish the
permanent plot corner markers with the aid of the topographic
map and the survey stakes. As mentioned earlier, a minimum plot
size of 3 by 10 meters was determined acceptable for the research
objectives of this runoff site. Since the primary tillage treat-
ments will be performed by ox-drawn implements, a 5 meter strip
between each plot boundary was designed to allow turnaround space
for the oxen. Half of this intermediate area next to a plot is
cropped and treated in the same manner as the plot and in fact
form part of the plot except for collection of runoff and measure-
ment of yields. In the plot area, a good guide is to tolerate
no more than plus or minus 6 cm irregularity from the average
plane surface. Areas exceeding this irregularity will require
smoothing, but this should only be done with the counsel of a

soils man experienced in soil erosion work.

Next, the sites for installing the collectors, excavating
the tank pits, digging the drainage ditches and constructing the

access road with culverts and sump pits were staked out. The
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downslope topography dictates the pit excavation depth which had

to be calculated separately for each pit based on the elevation

of the collector unit and the conveyance channel slope requirements.
The elevation of the various equipment pieces should be recorded
and checked annually to insure proper alignment and to maintain

the runoff plot slope. Therefore a permanent bench mark was

established in a non-cultivated area of the runoff site.

The sheet metal boundaries are easily pounded into the

ground on cultivated plots. On pasture or sod plots, they may

also be pounded in when the soil is wet. If they must be installed
when the soil is dry and hard, it will help to use a jig made

up of two planks spaced about 1 cm apart. Actually, a jig is
helpful, under any condition, in keeping the boundaries aligned
during installation. If necessary, steel round pegs driven verti-
cally on either side of the strips every 2 meters or sc will hold
them upright. At the lower end of the plot boundary, the strips
are slipped into 1 cm wide slots cut 15 cm deep in the ends of

the collector end plate.
Upon completion of the boundary installation, earth is
packed around the boundary-end plate joint and, in cultivated plots,

around the outside of the boundaries to prevent leaks.

The Collector was welded to the end plate during fabric-

ation to form one solid unit. Some researchers prefer to bolt the
collector to the end plate after installing the latter. In either
case, a trench wide enough to allow tamping from both sides of

the end plate should be dug. It must be deep enough so the 1lip
of the collector is just level with the soil surface. The trench
may be 2 - 3 cm shallower than necessary and the end plate driven
in to the proper depth, but sheet metal is easily deformed so this
should be done carefully. In dry soil, the bottom of the trench
can be softened with water. While digging the trench, stockpile
the top soil then replace it last after tamping the end plate in
solid with subsoil. If the collector is bolted to the end plate,

the seams should be sealed with roofing cement.



62

The conveyance channel is designed to slip over the
rectangular collector outlet and fit into the rectangular notch

of the sludge tank. The seams of these two connections are

sealed with roofing cement.

The conveyance channel length may be varied to allow
placing the tanks nearer the ground surface. For example, if the
minimum conveyance channel slope was 2.5 percent and the ground
slope below the runoff plot was 10 percent, the tanks could be
.23 meter nearer to the surface for every additional 3 meter 1
length of channel used.

At Katumani the space below the plots barely allowed
a 4 meter channel so the tanks had to be installed below the soil
surface. This required deep excavation pits. Here also it is
best to stockpile the topsoil so it may be spread over the sub-
soil after completing the excavation and forming the soil

around the pit to prevent water from running in.

The sludge tank should be placed on a stable platform

This facilitates sampling the runoff and cleaning the tank with-
out wading in the mud so much. Since this work is done after

a rain, it is a wet, sloppy job at best. The tanks at Katumani
are on platforms made of treated 2 x 6 in. boards nailed across
cedar planks 4 x 4 in. The platforms are supported on sunken
concrete blocks and the bottoms of the pits are covered with a

10 cm layer of gravel.

The multislot divisor unit functions with the floor

level and the precision strip level. It should be bolted to
the sludge tank in a semipermanent manner and positioned so
that the top of the entrance box is level with the bottom of
the inlet pipe as illustrated:
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FIELD EXPERIMENTS ON SOIL EROSION IN AMBOSELT.
KAJIADO DISTRICT

By
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and
E. K. Wahome,
Kenya Rangeland Ecological Monitoring Unit,

Ministry of Environment & Natural Resources,
Nairobi, Kenya.

INTRODUCTION

Studies of soil erosion processes have mainly been
conducted in agricultural areas in the technologically advanced
countries and few experiments have been conducted in the arid
and semi-arid regions (Dunne et al., 1880; Dunne, 1977). The
Universal Soil Loss Equation, developed by the U.S. Soil and
Water Conservation Service, has been shown to be of uncertain
relevance in tropical areas, although it has been used with
success as an index of soil erosion in Kenya in a study of the
effects of woodfuel harvesting on soil erosion (Dunne et al.,
1981). Although attempts have been made to calibrate it, serious
gaps exist in our knowledge of soil erosion in countries where
climatic and land use conditions differ from those existing
in the dewveloped countries. Therefore, careful studies are
necessary, especially in the arid and semi-arid regions where
rates of soil erosion have been shown to be exceedingly high,
so that objective decisions about soil conservation measures in
rangeland management can be formulated. Furthermore, we do not
know a great deal about the degree to which various soil con-
servation measures reduce soil loss. Methods which are suited
to field conditions are needed to examine both soil erosion
processes and the effectiveness of soil conservation measures in the
rangeland. ~Thie paper presents an improved methodology.for provid-
ing quantitative data on surface runoff, infiltration capacity,

soil loss and sediment transport under varying rainfall intensities
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in areas of differing slope gradient, vegetation cover, soil
type, and land use practice. We also present briefly some
preliminary results of artificial rainfall experiments concerning
spatial variability of infiltration capacity and the effects

of vegetation cover, surface texture, and rilling on soil loss.
This work is a continuation of work begun under a Ministry of

Tourism and Wildlife consultancy in 1976 (Dunne, 1977).

STUDY AREA DESCRIPTION

The study area is situated to the North of Amboseli
basin on Eremito Ridge in a belt of Precambrian granitic schis-
tose basement rocks. The region receives 300 mm of rainfall
per year and has a vegetation cover of grassland (ground cover
of 5 - 75%) and bush grassland with patches of scattered bush
(canopy cover of up to 40%) on the higher steeper hillslopes.
The area is utilized by large herbivore population of domestic
stock and wild game. The soils are sandy clay loams mostly 50 cm
to 150 cm deep. The hillslopes have lengths greater than 500 m
and only a small proportion have gradients greater than 0.10.
The hillslopes have simple profiles and smooth surface with no
rills or gullies on the upper several hundred metres. Rilled

segments occur towards the lower ends of slopes.

PREVIOUS WORK

The original rainfall simulator experiments, which form
a preliminary phase of this study, were concerned with controls
of soil erosion in Kajiado District. The rainfall simulator
used was designed for easy operation and maintenance under field
conditions, and is well described in Dunne (1877) and Dunne et al.,
(1980). Briefly, it consisted of a wooden frame, 3.0 m high,
which supported a single rail with a vertically mounted spray
nozzle on a wheeled trolley. The nozzle was pulled rapidly back
and forth, irrigating a plot 1.0 m to 1.2 m wide and 5 m long.
Runoff and eroded soil were .collected at the foot of the plot in
a folded sheet metal trough with a 10% slope and a narrow outlet

for convenient sampling.



67

The spray nozzle, operating at a height of 3.0 m, re-
produced 60 to 70% of the kinetic energy of natural rainstorms

and a median drop diameter 80% of those in natural storms.
The problems associated with this rainfall simulator were:

(a) The small plot size, which did not always allow for
natural areal variabilities in vegetation cover and surface tex-
ture, and which, perhaps, allowed for lateral movements of sub-
surface moisture, producing infiltration rates which were
slightly high.

(b) An imperfect reproduction of natural kinetic energy,
which has been highly correlated with soil loss (Smith and
Wischmeier, 1958; Stocking and Elwell, 1975).

(c) A non-uniformity of rainfall distribution.

(d) It provided no techniques for measurement of local
sediment transport by overland flow or of the upslope and down-

slope components of aerial sediment transport by rainsplash.

Dunne (1977) found that the major controls of soil
erosion were volume of runoff, vegetation cover, hillslope gradient,
soil type, and animal trampling. Infiltration capacity was found
not to vary with vegetation cover or degree of trampling in an
obvious manner, though he was comparing data for different locali-
ties. The presence of a coarse sand lag, which accumulates on
the ground surface as fine soil particles are washed out of the
sandy topsoils, complicated results, especially in the Amboseli
region. It was found difficult to develop a relationship between
vegetative cover and soil loss because of these textual effects
which became highly significant as vegetation cover declined.

All previous experiments were conducted on unrilled plots.

EXPERIMENTAL METHODOLOGY

The present experiments are being conducted with a rain-
fall simulator which represents an improvement over that designed
earlier. The aim of designing an improved rainfall simulator was

to reproduce more closely the kinetic energy and uniformity of
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natural rainstorms as they occur in tropical regions, and to
increase the plot width and length without augmenting the

logistical difficulties of performing experiments in remote
areas.

The new rainfall simulator is slightly more cumbersome,
but can be carried to an area on a small pick-up and moved
around a hillslope by six people without dismantling. It
includes components for simulating rainfall from a water supply
and for collecting runoff from a bounded plot. The equipment
consists of a wooden frame, 4.9 m high, supporting two parallel
metal rails along which wheeled trolleys with vertically mounted
spray nozzles are rapidly moved back and forth over the plot
irrigating an area 6.0 m long and 2.5 m wide. Two nozzles are
used instead of one in order to produce the effect shown in
Fig. 1, i.e. increased uniformity of rainfall distribution on
a widened plot. The nozzles used are the Veejet 80100 and 80150,
the same used by the U.S. Soil and Water Conservation Service in
the elaborate "rainulator" (Meyer and McCune, 1858), though our
rainfall simulator irrigates from a greater height. The kinetic
of rainstorms obtained are greater than 90% of those in natural
tropical storms for the intensities employed, while the media

drop size falls in the lower range of those in natural storms.

Water is supplied to the nozzles from two 500 gallon
(2,250 1) tanks (if no local source of water is available) by a
small petrol driven pump which suffices for an experiment that
lasts one hour. Nozzle pressure is controlled by a return line
which leads water back to the tanks connected at a valve junction
along the outlet hose. Pressure remains constant during an

experiment.

The plot is bounded by 15 cm metal strips driven firmly
into the soil. Runoff and eroded soil are collected at the foot
of the plot in an inclined trough , or, on rilled plots, by a

concrete 'throat' installed in the channel below the plot.



Fig. 1 Veejet nozzle discharge vs distance from the center
of the spray. Two nozzles spaced five feet apart
produce an increased uniformity ‘of drop distribution.
The nozzle is moved out of the page to irrigate the
Plot.. From Meyer (1958).
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Discharge of runoff and sediment is measured continually
during an experiment by repeatedly collecting and discarding run-
off in a 1 litre sample bottle, noting the time to fill the bottle.
At every two minute interval one litre runoff samples are retained
for sediment production determination. Rainfall intensity is
measured by an array of 21 rain gauges spaced uniformly on the
plot. Infiltration capacity is calculated throughout the experi-
ment as the difference between the constant average rainfall
intensity and the runoff discharge rate for each two minute inter-
val. The rate of soil loss per unit of runoff is obtained by
filtering the collected runoff samples and dividing the weight
of sediment by the time taken to fill the bottle.

Measurements of runoff depth and velocity are taken at
1l m intervals down the plot and quarter metre intervals across
the plot. These latter data will be used later in a study of

the hydraulics of overland flow.

Ellison (1944) showed the importance of rainsplash in
soil erosion. The upslope and downslope components of aerial
sediment transport are measured with three Ellison splash cans
placed at different locations on the plot. Small 6 cm x 2 cm
Helley-Smith samplers with sediment collection bags attached
are dipped in overland flow of a known depth and velocity for
a prescribed time period so as to calculate the local flux of

sediment. (Fig. 2, 3).

RESULTS

Recent experiments have been performed on a single
hillslope where gradient and soil type are relatively constant.
The aim was to study spatial variation in infiltration rates
and the effects of vegetation cover, surface texture, and
rilling on soil loss. The results emphasize the complexity of
processes of soil erosion in this area, the controls of factors
not present in studies conducted in other regions, and the
need for continuing work. Six sets of experiments were performed
on six plots with vegetation covers of 0%, 5%, 10%, 35% and 75%.

The latter two plots were clipped down to 19% and 35% basal cover,



Fig. 2. Ellison Splash Can. The upslope and downslopc components of
sediment transport by rainsplash are deposited in the trays
on either side of the vertical separation wall. The
horizontal "hat" prevents raindrops from falling directly into
the trays. The splash can is positioned with the vertical
well perpendicular to the direction of maximum slope.
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respectively. The fifth and sixth plots had 0% cover and a rill
head in their lower half.

Infiltration Capacity

The experiments conducted in 1976 yielded infiltration
capacities which varied between 2.0 and 3.0 cm/hr for plots with
cover near 10% and gradients of 0.02. (No correlation of
infiltration capacity with vegetation cover was found under
conditions of varying slope gradient and soil type.) Infiltration
capacity was found to increase downslope and two explanations
were offered: (a) The greater depth of overland flow provides a
larger head to drive water into the soil; (b) Soil surfaces down-
slope are less subject to raindrop sealing as they are protected
by the thick sheet flow. We have noted that soil characteristics
vary markedly downslope: the soil colour changes, the sand/
silt clay ratio increases and aggregation improves. (Recent
experiments on rilled plots near the foot of the slope showed
infiltration capacities, 25 - 50% greater than those close to

the ridge.)

Experiments have been performed to examine the infilt-
ration capacity with varying vegetation cover and root density.
The results obtained were interesting and suggest that infilt-
ration capacity is spatially variable but not related in a simple

manner to cover or root density.

Measurements of infiltration capacity varied between
0.7 and 4.0 cm/hr., and averaged a lower value than suggested by
the 1976 experiments. Our values averaged 0.5 to 1.0 cm/hr.
lower than the earlier measurements. This may be due to the
small plot width (1.2 m) used in the earlier studies. We have
noticed that 1.0 m plots irrigated to stimulate production
(another aspect of this study) retain soil moisture much less
efficiently than 3 m by 6 m plots, presumably due to the high
moisture gradient at the edges. More likely, however, 1is
spatial variability in infiltration, both laterally and down-
slope. Plots from the earlier experiments were situated

adjacent to each other for experiments on similar areas subjected
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to different levels of artificial trampling. The present.
experiments were done on plots widely separated with different

covers.

Results show that there is no significant correlation
between cover and infiltration rate. At this point, it can be
postulated that on these slopes infiltration is controlled by
subtle changes in soil characteristics which are sometimes
accompanied by marked changes in species composition. It was
noted that soil in heavily vegetated areas showed lower con-
centrations of coarse particles. At this time a study is being
initiated to examine spatial yariability of infiltration more
carefully. It is clear, however, that runoff, the major control

of soil erosion, is not generated uniformly on these hillslopes.

The Cover Factor

An approximate relationship between ground cover and
solil loss per unit of runoff was presented in Dunne (1977) and
is reproduced in Fig. 4. Only the point for 12% cover came
from Amboseli and in fact, this early study was unsuccessful in
producing such a diagram for a single locality. Fig..U4 shows
that soil loss 1s expected to decrease sharply as vegetation
cover increases from O to 30%. Further increases in cover
produce lower reductions in soil loss. The general form of the
graph 1s in agreement with that predicted by the Universal Soil
Loss Equation for cultivated lands in the U.S.A.

Recent experiments on a wide range of covers on a
single hillslope in Amboseli produced the graph in Fig. 5. It
shows that the dramatic upturn in soil loss at lower covers does
not occur as expected. It was postulated that this was due to
the effect of a surficial sand lag which acts to protect the
soil from raindrop impact. On plots with covers of 5 and 10%
the sand lag occurred over 50% or more of the plot area. On
the 10% cover plot the surficial lag was removed with a brush.
Soil loss rates then increased by 2 to 3 times generating the
upper line in Fig. 5. Our data have been plotted with Dunne's

data for 2 m wide trampled plots yielding a consistent relationship
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similar to Fig. 4. (Although our plots are slightly wider than
this so that the kinetic energy of the rainstorms was not iden-

tical, the data appear to be comparable.)

At high covers soil erosion remains at values relatively
low. As cover decreases, erosion increases slightly but the
protective effect of the surficial sands becomes highly signi-
ficant. If the surface lag is disturbed mechanically so that fine
particles are brought to the surface, soil loss rates increase
dramatically. When the surface texture effect is removed the
vegetation cover vs. soil loss graph takes on a form similar to
that suggested by the USLE.

Reid (1981) has shown that inclusion of a ground sur-
face factor in the USLE produced good agreement with soil loss
rates for gravel surfaced roads in Washington State, U.S.A.
Inclusion of such a factor, called the B-factor, for the portion
of the surface which is not covered by stones or dead wood, i.e.,
the percent of the surface which is available for erosion, could
be useful in predicting erosion rates for Kenyan hillslopes.
This is also suggested in a study of the effects of woodfuel
harvest on soil erosion by Dunne et al., (1981). In this report
it was suggested that 'the fraction of the soil surface covered
by immobile gravel or large pieces of wood could be altered due
to woodfuel harvest or by the emergence of a gravelly subsoil

on severely eroded sites.'

Rill Studies

Experiments on plots with rill heads have been started
on the lower portions of the slope. As they have just begun
they will not be discussed here in detail. The rill studied
was approximately 9 cm deep, 30 cm wide, and extended half way
up the plot where it died out in several directions in a finger-
ing pattern. The persistence of rills seems to be controlled
by the relative importance of rain splash degradation of surface
irregularities vs. sheet wash incision, a notion suggested by
Meyer (1975), Walker et al., (1978), and Dunne (1980).
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The most striking feature of experiments on rills is
the enormity of the increase in soil loss. Efficiency of erosion
increases tremendously as water becomes channelized. Our preli-
minary experiments have shown that soil loss increased 10 to 20
times for similar rainfall intensities and runoff volumes for
the rill plot as compared to unrilled plots. Sand and gravel
are easily moved downslope when the channel is filled to the bank-
full stage. Cobbles of 3 cm size have been seen to move sporadi-
cally.

CONCLUSION

This paper has introduced an improved system of rain-
fall simulation for soil erosion studies which is cheap, portable,
and suited for use in remote areas. The equipment offers a
technique for work in tropical areas where more information on
local controls and processes of soil erosion is needed for effec-
tive decision making management. It also offers a workable
method of evaluating in the field the effectiveness of various
solil conservation measures and for predicting accelerated soil
erosion in response to changes in land use. For example, plans
for assessing the impact of wood-fuel harvesting using artificial
rainfall experiments are planned for the near future. This will
allow direct observation of the nature of changes following

woodfuel harvest.

Preliminary data from the semi-arid regions have shown
that infiltration rates can vary spatially by as much as five
times, and seems to be controlled by local soil characteristics.
Runoff is generated non-uniformly downslope and also laterally.
Vegetal cover and surficial sand lags act similarly to keep
erosion at relatively low values. Disturbance of the sand lag
by moderate to high levels of trampling increases erosion.by 2
to 3 times, although the sand lag is quickly re-established as
fine particles are washed out. Rill formation increases erosion
in the study area tremendously, depending upon the drainage

density.
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THE ROLE OF SOIL SURVEYS AND LAND EVALUATION IN
ASSESSING SOIL EROSION HAZARD

By

F.N. Muchena

Kenya Soil Survey

National Agricultural Laboratories
Nairobi.

INTRODUCTION

Soil survey is the practical wing of pedology which is
the study of the genesis of soils. It indicates the location
and extent of each kind of soil. From the soil map, interpretations
can be made to show the various alternatives for safe use of the
soil. Soil mapping can enable comparison to be made between
results gained in different areas of survey. It can also enable
extrapolation of the results and experiences gained from one area
to similar areas where no conservation measures have been carried
out and thus ensure that the available knowledge is used without

unnecessary duplication.

Land evaluation is the process of collating and interpret-
ing basic inventories of soil, vegetation, climate and other aspects
of land in order to identify and make a comparison of promising
land-use alternatives in terms applicable to .the objectives of the
evaluation. It is the purpose of this paper to outline the role
of soil surveys and land evaluation in assessing erosion hazard and
also to give a qualitative assessment of susceptibility to erosion

of some of the major soils of Kenya.

RESOURCE INVENTORY AND ASSESSMENT

Since 1972 the Kenya Soil Survey embarked upon a programme
of systematic inventory of the soil and land resources of the country,
by mapping them per quarter-degree topographical sheet at.reconnais-
sance level; reconnaissance soil surveys (scale 1:100,000 for the
high-and medium-potential areas; 1:250,000 for the low potential areas).
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These surveys are carried out to serve multi-purpose land use

planning.

In addition to reconnaissance soil surveys other soil
surveys are being conducted at various levels of details. These
levels involve site evaluations, exploratory, semi-detailed and
detailed mapping. The level of mapping depends on the purpose
of investigation but all soil maps are interpreted to provide
the information that is also relevant to the need of the land
user., Thus the exploratory soil map of the country at scale
1:1,000,000 can be utilized in assessing the degradation hazard
of the major soils of the country at the national level. The
reconnaissance soil surveys (scale 1:100,000 or 1:250,000) can
be used to assess soil degradation hazards at the regional
level or per major catchment areas. Where no information exists
at reconnaissance level, site evaluations can be carried out.
These are short period investigations which depend largely on
aerial photo interpretations and are primarily aimed at a
preliminary assessment of the situation for a project formul-

atdon.

For all the areas covered by the reconnaissance soil

surveys a land evaluation is carried out. This involves the

assessment of essential land characteristics to provide ratings
of relative suitability of the land for physically possible

and socially and economically promising forms of land use with
minimum land degradation hazard. Tor each survey area, back-
ground studies are carried out to define the relevant land use
alternatives. The rating of the suitability of the different
tracts of land in a survey area for any particular land utiliz-

ation type is done largely in a relative, qualitative way.

The comprehensive aspect of the land evaluation on
the basis of reconnaissance soil survey implies that not only the
soils themselves are studied but also topography (including
gullying), the climate, the vegetative cover, the present-day
land use and the erosion susceptibility. All land suitability
assessments carried out presuppose stable and sustained agricul-

tural use ie. land degradation through soil erosion, including
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soil fertility loss, is precluded if a tract of land is grouped
with any of the classes of suitability. Erosion susceptibility
receives particular attention during the surveys. A soil
erosion hazard map is normally included in the soils report.

The estimation of the soil erosion hazard per mapping unit

takes into account: slope (percent and length), climate (espe-
cially rainfall characteristics) and susceptibility to sealing/
capping of bare soil surface. The latter is based on an
empirical combination of data on topsoil structure, structure
stability, grain size distribution (especially silt/clay ratio),
bulk densities, infiltration measurements and visual observations.
Figure. 1 gives the location of areas where reconnaissance soil
surveys with a comprehensive land evaluation have been carried
out.

GENERAL OBSERVATIONS ON SUSCEPTIBILITY TO SOIL EROSION OF SOME
MAJOR SOILS OF KENYA

All sloping lands are exposed to erosion if not properly
managed and protected. Depending on the soil type, particularly
on soil texture and structure, the grade of erosion will differ
from place to place on different slopes and under different levels

of management.

During the course of soil surveys some observations can
be made on the susceptibility of soils to erosion by observing
splash, sheet, rill and gully erosion and also wind erosion
prior to carrying out experiments or measurements to determine
the magnitude of erosion. In this paper a brief qualitative
statement is made on the susceptibility to erosion of some of
the major soils of Kenya. The observations noted have been made
during the course of the exploratory and reconnaissance soil

mapping.

Luvisols and Acrisols . oodo i T S O 3 NI

Luvisols and Acrisols are.soils with an ABC sequence
of horizons, of which the A-horizon is relatively low in organic

matter and/or is acid. The B-horizon is argillic and is



characterised by illuviation of silicate clay minerals. The
illuviation usually shows a distinct increase of texture over
relatively short distance. The structure of the B-horizon is
usually angular blocky. Luvisols have a base saturation deter-
mined by NH,0AC at pH 7.0 of more than 50% whereas Acrisols have

a base saturation of less than 50%.

The subsoil of these soils often has low porosity and
has relatively high bulk densities. This results in relatively
low water storage capacity. These soils have a poor structural
stability of the topsoil resulting in a tendency to form a
strong seal on the surface. This again leads to low infiltration
rates and hence a lot of run-off. As a result of this, these
soils are easily eroded and the erosion can be severe even on
gentle slopes. Luvisols and Acrisols are widespread in Kenya,

the bulk of them being found in the semi-arid areas.

Nitosols

These are very deep, often dark red, dusky red or dark
reddish brown clay soils. They usually have a moderate to strong
subangular blocky topsoil which is underlain by a moderate angular
blocky subsoil. The; soils are friable or very friable and are

porous throughout.

They are developed on base-rich rocks and occur on undul-
ating to rolling uplands in moister climates than the Luvisols
and Acrisols. They have a favourable moisture storage capacity
and aeration conditions. They show a marked structure stability
which enables them to be cultivated even on moderately steep

gradients with minimum degradation hazard.

Ferralsols and Intergrades

Ferralsols are strongly weathered and strongly leached
soils with indistinct soil horizon differentiation. They have a
texture of sandy loam or finer. The are friable, highly porous

and permeable. The structure is weakly coherent massive to
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subangular blocky and is characteristically stable. Some of
the Ferralsols have high infiltration rates and hence are
relatively resistant to erosion. However, associated with
Ferralsols are intergrades between Ferralsols and Luvisols or
intergrades between Ferralsols and Acrisols. These intergrades,
like the Acrisols and Luvisols, have a tendency to form a
strong seal on the surface. This leads to low infiltration
rates and hence run-off. These intergrading soils are there-

fore easily eroded.

The Ferralsols and intergrades are often found occuring
on old geomorphic surfaces in Machakos, Kitui, Kajiado, Kwale,

Embu, Trans Nzoia, Busia, Siaya and Kisii Districts.

Vertisols

These are mainly dark, cracking clay soils lacking
distinct horizons in their profile. They are fine in texture
and the clay minerals are of the montmorillonite type. During
the dry season they shrink markedly and large cracks develop
whilst during the wet season the soil swells. The infiltration
rates of the dry soil is very high because of the many cracks.
The permeability drops to very low values once the soil is
saturated. Under this condition the soil is very susceptible

to erosion.

Vertisols are widespread in Kenya. They are found in
the Kano Plains, Athi Plains, Mwea Plain, Laikipia District,

Yatta, Masinga and Bura East.

Solonetz

These are soils that contain little soluble salts but
much exchangeable sodium on the exchange complex. A high level
of exchangeable sodium causes the clay to disperse. The dis-
persed clay subsequently moves from the A to the B horizon,
and forms a natric horizon. The texture of the A-horizon is

usually lighter than that of the B-horizon. It has been noted
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in the Marsabit-Kulala area that where the yegetation coyer

has been removed on these soils due to over-grazing, the soils
have been subjected to wvery severe scil erosion both by wind
and water action. This has left exposed the natric B horizon
which can barely support plant growth due to its high exchange-
able sodium content and associated poor physical properties.
Solonetz are found in association with Solonchaks mainly in

the semi-arid and arid parts of Kenya.

Arenosols

These are coarse textured soils containing less than
15% clay. They commonly occur on quartz-rich crystalline or
sedimentary rocks or unconsolidated sediments derived from them
They have a low moisture storage capacity per unit volume. Some
Arenosols have a tendency for the surface horizon to harden when
the soil dries out at the end of the rainy season. This may
decrease the porosity of the tecpsoil and hence result in run-off
and erosion. It has also been noted that Arenosols are suscept-

ible to gully erosion.

Arenosols are common in the coastal area and North

Eastern Kenya.

Lithosolﬁ

These are shallow soils which have a continuous coherent
and hard rock within 10 cm of the surface. Most of the Lithosols
usually occur on slopes with excessive and often erosive run-off.
They are therefore very susceptible to erosion. They are often
found in the hilly and mountainous areas in association with

Cambisols and Regosols.

Andosols

These are soils that are formed from recent volcanic
material. They have a thick, loose, granular dark grey to black
A horizon over a yellowish brown or brownish C horizon. They

may be coarse or fine textured but have usually a high silt
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content. Although Andosols have good physical characteristics
and a high water storage capacity erosion may be a serious
problem as they consist of rather loose material and often

occur on steep slopes of the volcanic areas.

Andosols are found in Nyandarua District. Longonot
and Naivasha areas, Chyulu Range, Kinale Forest and Mau Escarp-

ment areas.
Planosols

These are imperfectly drained soils with a pronounced
and abrupt transition between a relatively light textured top-
soil and a heavy textured, compact and hard B-horizon. They
are found on flat or slightly depressional old land surfaces
and are subject to very little actual erosion. However, their
susceptibility to erosion is very high in areas where the

vegetation cover has been reduced by over-grazing.
They are extensively found in the Kinangop plateau and

Sotik plateau. They are also found in association with other

soils in Laikipia District, Kajiado District and Kwale District.

REFERENCES

For the references the reader is referred to the 'Kenya Soil
Survey List of Publications, February 1981'.
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SUSCEPTIBILITY AT KALOLENI, KILIFT

DISTRICT

By
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Kenya Soil Survey and Department

of Soil Science, University of
Nairobi

INTRODUCTION

It is interesting to note that the soil forming
factors - climate, parent material, topography, vegetation,
time and man - are very similar to those factors determining
soil erosion. This relationship suggests that a soil survey
forms a reasonable basis for an erosion survey. Although
abundant soil surveys have been carried out in many parts of
the world, relatively few attempts have been made at mapping
soil erosion susceptibility or erosion hazard especially at
a detailed scale. Many research workers are now realizing
the need for simultaneously combining soil survey work with
erosion susceptibility or erosion hazard mapping since similar

data are required for both exercises.

Definitions

Soil erosion hazard is a measure of the degree of

soil erosion that is likely to occur when soil erosion has
already begun (Bergsma, 1973). Thus when erosion is already
in evidence, the erosion hazard reflects the combined effects
of all those factors influencing erosion, namely climate, soil

type, topography, land use and management practices.
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hazard, which depends only on relatively permanent environmental
factors, of climate, topography and soil properties (Bergsma,
1973; Morgan, 1978). Thus the relatively unstable factors

such as present natural vegetation, land use and management
practises are excluded, and so the erosion susceptibility will
not, in general, change with time, in contrast to the erosion
hazard which can be greatly affected by changes in land use

and conservation practices.

Erosion susceptibility data and maps are of greatest
value in delineating areas which differ in their degree of
erosion susceptibility, and therefore help to identify those
areas which are most in need of erosion control measures.
Such data can also serve as a starting point to evaluate the
expected risk of erosion under alternative land utilization
types, and what practices may be required to provide for a
sustained use of the land under these alternative uses.
Consequently soil erosion susceptibility is an important,

factor in land evaluation studies.

Various research workers have mapped soil erosion
susceptibility or hazard in the field using qualitative methods
in which slope length, gradient, soil erodibility, climatic
erosivity, crop and management practices are rated by a
scoring system (Morgan, 1978; Arnoldus, 1974). In such
systems, each of these factors is rated on a scale where the
lowest number, normally taken as 1, i1s assoclated with a low
risk of erosion and the highest number with a high risk. The
factor scores are multiplied to give a product score which
is compared with a chosen classification system to indentify
areas of low, moderate and high erosion risk. The scores are
mapped, and areas of similar risk are delineated to give a
soil erosion susceptibility/hazard map. In Kenya, the Kenya
Soil Survey (KSS) has developed a method of evaluating soil
erosion 'hazard' at a reconnaissance level (Braun and van de
Weg, 1977; Braun and Muchena, 1978, Mbuvi and van de Weg,
1975; Gelens et al, 1976, and Michieka et al, 1978). In the

KSS method, an evaluation of the soil erosion 'hazard' is
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mapped on the basis of slope length, climate, slope class

and soil erodibility. These factors are rated and the
ratings are added up. The final rating is classified to

give a measure of the soill erosion 'hazard'. However,
according to the definitions given by Bergsma (1973), the

KSS is actually mapping soll erosion susceptibility and not
soil erosion hazard. Bergsma (date unknown) carried out a
reconnalssance survey of erosion hazard near Merida, Spain.
He made a qualitative evaluation of slope steepness. Slope
length, relative position, soil erodibility, vegetative cover
and land management. Where conservation practices were being
practiced, he reduced the hazard by one class. Elwell(1981)
used the percentage seasonal rainfall energy intercepted by
the vegetative canopy, rainfall energy, soil erodibility and
a topographic ratio to estimate the soil erosion hazard in
Zimbabwe. Morgan (1978) conducted reconnaissance, semi-
detailed and detailed erosion surveys in Malaysia, Peninsular.
At a reconnaissance level, Morgan considered only climate.

He did not introduce any category of low erosion risk, for he
argued that at least a moderate risk of erosion exists in any
humid tropical environment. Arnoldus (1974) has argued on
similar lines. At a semi-detailed level, Morgan took into
account the influence of soils, drainage density, slopes

and landuse. At a detailed level, the catchment was observed
regularly for a period of 8 months which enabled Morgan to monitor
the frequency of overland flow and hence to distinguish
between past and present erosion features. Morgan criticises
additive rating systems where each factor is given equal
weight and each factor is treated independently, whereas as
many authors have shown, there is interaction between the
factors. Consequently it would be more appropriate to combine

them by multiplication.

The aim of this paper is to present the provisional
findings of an M.Sc. project undertaken by the senior author
to evaluate and map, at a detailed scale, the erosion
susceptibility of a small area of 185 ha at Kaloleni, Kilifi
District, Kenya. The approach used was a quantitative parametric

method based on the universal soil loss equation (USLE)
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(Wischmeier and Smith, 1965), and similar, in some respects,
to the method proposed by FAO (1979) for assessing the risk
of soil degradation by water. This approach is rather tedious
and time consuming but is assumed to give the most accurate
assessment of the comparative erosion susceptibility of land.
The second part of the study attempted to evaluate how well
some qualitative rating methods, which have the advantage of
being simpler and quicker to carry out, compare with the
erosion susceptibility map obtained, by the quantitave
parametric approach, particularly with respect to the modal
slopes within the landscape. In this paper, only one
qualitative rating method will be considered. It is also
hoped that this detailed study may prove to be of wvalue in
developing improved procedures for erosion susceptibility

mapping at smaller scales.

METHODOLOGY

The area in which the survey was carried out occupied
185 ha at Kaloleni, Kilifi District. The underlying geology
was mainly Mariakani sandstones of Triassic age and the slopes

were predominantly uniform or convex in shape.

a) Evaluation and Mapping of the Erosion Susceptibility by the

Erosivity Evaluation

The erosivity R factors in ft tons in/acre per year
were calculated from the following regression on kinetic
energy (KE), where KE is the kinetic energy of rain falling
at intensities greater than 25 mm/h for 15 minute periods
(Moore, 1979)

R = 0.029 KE - 26.0 r = 0.95
The KE values for coastal areas, within which Kaloleni

occurs, were obtained from the following regression on mean

annual rainfall (x) in mm/yr (Moore, 1979)
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R = 0.029 KE - 26.0 r = 0.95

The KE values for coastal areas, within which Kaloleni
occurs, were obtained from the following regression on mean

annual rainfall (x) in mm/yr (Moore, 1979)

KE = 22.82 x - 15795 r = 0.84

This index of climatic erosivity 1s different to that
used by KSS for reconnailssance scales surveys where the erosivity
1s based on the ratio of rainfall to potential evapotranspiration

values (Braun and van de Weg, 1977).

Erodibility Evaluation

A regression equation developed by Gachene (1981) for
predicting the erodibility of well drained, non-swelling soils
has been used. This regression, between dispersion ratic, clay,
organic matter, bulk density and soil loss, appeared to be
superior to Wischmeier's nomograph (Wischmeier et al (1971) and
to the KSS method (Braun and van de Weg, 1977). This part of the
study is sti1ll being written up (Gachene 1981) and is not
considered: in this paper. The estimated erodibility factors
however, do not give realistic values for socil erodibility
factor in the Universal Soil loss Eguation Dbecause they are
based on soil losses from single storme (simulated) on small
disturbed samples. Nevertheless the relative values between

soils should be valaid.

Topography Evaluation

This 1s based on measurements of slope gradients and
slope length (L) where L is defined as the distance between
the point of origin of overland flow and the point where the
gradient is shallow enough for deposition to begin, or where

runoff enters a drainage channel. The LS factor was evaluated

for each slope segment, delineated by a change in soil type, a
break in slope, or a change in slope category, by the method

of Foster and Wischmeier (1974;. For slope segment 'j' in a
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sequence of segments from crest line to drainage line or the
lowest point of a slope length (as defined above), the LS

factor is given by the following relationship;

m+1 m+1
LS, = S, (x 3a- j=1)

J J
22,1™ (Aj- A j-1)

Where Sj is the slope factor for segment 'j!' given by

S = (0.0345% + 0.305+0.45)
6.613
Where 'S = % slope
Aj = distance from crest line to bottom of segment 'j' (m)
A j-1 = distance from crest line to bottom of segment !'j-1!

(m)

m exponent, assumed = 0.5

In this evaluation procedure, soil loss increases
logarithmically with both increasing slope gradient and slope
length,

Mapping Procedure

A detailed soil map at a scale of 1:10,000 was produced
by an interpretation of 1:6,250 aerial photographs of the area,
combined with a grid system ground survey where auger samples
were described to 120 cm depth on a grid spacing of 200 x 100 m,.
The soil observation density was one per hectare, The distribution
of the soils is shown in Fig. 1. Soil profile pits
representative of each of the main soil mapping units were
described and analysed to provide the data for evaluating
the erodibility factors. Soil mapping took 2% man months to

complete,

Simultaneously with the mapping of the soils, slope
lengths, using a 100 m tape, and slope gradients, using an
Abney level, were measured. Slope lengths and slope gradients
were measured from crest lines down-slope at right angles to

the contours for each slope segment to the point where the
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gradient became sufficiently shallow for sediments deposition
to occur, or to a drainage channel. Slope segments were
delineated by a change in soil type, a break in slope, or a
change in the slope category. Five slope categories were
selected of 0-1°, 1.1-3°, 3.1-5°, 5.1-8° and more than 8°

The slope gradient map is shown in Fig. 2.

Erosion Susceptibility Evaluation

The slope gradient map was combined with the soil
map to produce a slope gradient -~ soil map, The LS factors
were then evaluated fep eaeh seil/slepe..segment.unit in a
series of 'traverses', selected to cover the whole of the
area, from ridge tops to valley bottoms at right angles to
the contour lines. The LS, K and R factors were multiplied
together to obtain the erosion susceptibility values. These
values were then assigned to five erosion susceptibility

classes as shown in Fig. 3.

b) Evaluation and Mapping of the Erosion Susceptibility by
the Qualitative Rating Method

In this method, the erodibility and slope length
parameters are all rated on a 1 to 5 basis, with 1 representing
a very low risk and 5 a very high risk of erosion. The - -slope
gradient parameter was given a higher rating of 1 to 9 because
of the greater influence slope gradient is believed to exert
on soil erosion (Wischmeier and Smith, 1978). This is also
in agreement with Braun's (Braun and van de Weg, 1977) method

of rating the slope gradient.

Erosivity Evaluation

The erosivity R factor was calculated by the regression
given by Moore (1979) and was rated at 3 for the Kaloleni area

according to the following rating system.
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Sub-rating Erosivity (English units)
1 < 100
2 101- 200
3 201- 300
4 301- 400
5 > 400

Erodibility evaluation

The erodibility K factor values obtained by Gachene
(1981) were rated from 1 to 5.

Sub-rating Erodibility (English units)
1 2 0.12
2 ‘0.13-0.24
3 0.25-0.36
4 0.37-0.48
5 > 0.48

Topography Evaluation

The slope gradients used in the evaluation are the
modal slope gradients for the whole slope length. The slopes
were not divided into slope segments. Rating of the slope

gradients is as follows:

Sub-rating Modal slope gradient (%)
1 0-5
3 5-8
5 8-16
7 16-30
9 >30

The slope length parameters are rated:-

Sub-rating Slope length (m)
1 250
2 51-100
3 101-200
4 201-300
5 300
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Erosion Susceptibility Evaluation

The sub-ratings for erosivity, erodibility, slope
gradient and slope length were multiplied together to give

a product score which is then rated from 1 to 5 as follows:

Rating Erosion susceptibility Sub-ratings product
very low 0-50
2 low - 50-100
3 moderate 100-150
4 high 150-200
5 very high > 200

The erosion susceptibility map by this qualitative

rating method is given in Fig. 4.

DISCUSSION

Although surface so0ill properties such as texture,
depth of A, horizonsstoniness etc were examined so that the
soils could be mapped at the type or phase level, the soils
appeared to be remarkably uniform in their top soil as well
as subsoil characteristics. Therefore the soils could have
been classified at a low category level compatible with the
detailed scale of mapping. However due to the lack of lower
level categories in the FAO system, the soils were only

classified here at the subgroup level.

It has been assumed that the quantitative method
gives the best index of erosion susceptibility since it is
a detailed slope segment analysis based on the product of R,
K and LS factors. We believe the R factor used is the best
index of erosivity presently available in Kenya. The K
factors, though unreliable in absolute terms are probably
reasonably valid in relative terms. The LS factors are
presumably valid, as there is no reason to believe the LS
relationship established in one country, such as USA, should
be different in another country (Foster et al 1979), since

the LS factor merely reflects the influence of slope and
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relief on the detaching and transporting capacity of overland

flow which is basically determined by energy-force relationships.

When comparing the soil and slope maps with the
quantitative erosion susceptibility map, it can be seen that
most of the least susceptible areas are associated with the
luvic arenosols and the plinthic Luvisols in the most gently
sloping areas, generally less than 30. On the other hand
most of the areas with a very high erosion susceptibility
are associated with chromic luvisols and chromic luvisols
with pockets of lithosols which occur on slopes ranging from
30 to llo. In some areas, where the chromic luvisols were
associated with slopes of 3—50, the erosion susceptibility
was moderate to high. Thus slope gradient appears to have
an important influence on the erosion susceptibility as

would be expected.

The quantitative erosion susceptibility map also
reflects the importance of slope position as shown in Fig. 3.
i.e. there is a trend of increasing erosion susceptibility
from crest line to drainage channel. The vast majority of
the slopes in this area, with the exception of the concave
slopes associated with the cambic arenosols and the luvic
arenosols in the north east are uniform, or more commonly
convex in shape. Thus it is the slope segments occupying
the lowest position in convex sloping areas and hence with
the steepest slopes, often 5—110, which were generally
most susceptible to erosion. The other factor giving high
erosion susceptibility values was the long slope length
often in excess of 300 m, which encouraged the accumulation

of increasing volumes of runoff in a downslope direction.

Field observation supported in general the erosion
susceptibility rating map produced by this method. Thus on
the steep lower convex slope positions, there were frequent
signs of tree root exposures and gully erosion. Stout
(1965), Morgan (1978) and Bergsma (1973) have also observed
that on uniform or convex slopes, more soil is lost from
the lower lying slope segments than from upper-lying

segments.
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Although this method is presummed to have given a
reasonably detailed and accurate indication of the relative
erosion susceptibility of the area, the method is tedious
and time consuming. It does however pin point the critical
or most erosion sensitive areas namely the valley sides
with steep slopes at the foot of long convex or uniform
slopes. Thus great attention should be paid to these areas
when advising farmers on the need for conservation measures.
Alternatively, or preferably, these areas should be left

under pasture, bush or woodland.

The soil erosion susceptibility map produced by the
rating method cannot be expected to give such a detailed or
accurate assessment of erosion susceptibility since total
slope lengths were considered instead of subdividing the
slopes into segments. Thus the best that can be hoped for
is a reasonably good correlation with the gquantitative

method for the modal slopes within the catenary sequence.

The erosion susceptibility map (Fig. 4), based on
the qualitative rating method shows that, susceptibility
to erosion generally increases from crest line downslope
and in some places then decreases before the drainage
channel is reached, even though slope gradient is
increasing with slope length. This suggests that either
deposition is occurring on the valley side slopes (where
signs of gully erosion were observed!) or that the lower
slope segments were not influenced by overland flow from
the upper segments. The distribution of erosion
susceptibility ratings especially in the south west part
of the area is rather contradictory to field observations
since the chromic Luvisols with pockets of Lithosols
showed signs of gully erosion where these signs were not
visible on the chromic Luvisols occurring upslope.
Nevertheless, in many areas the classification of the
modal slopes by the qualitative rating method coincided
fairly well with the quantitative parametric method. This
is mainly in the north eastern part of the map having
slopes 5 to 8o and along the crest lines. Clearly however,

there is room for improvement in this method.
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The main deficiences in this approach appear to be the
inability of this method to indicate the existence of, albeit
relatively short, but highly erosion susceptible lower slope
sites. Perhaps this could be overcome to some extent by
including slope shape and slope position as additional
parameters within the rating method. Thus landscapes with
pronounced convex or concave slopes would be expected, other
factors being constant, tTo be characterized by relatively
higher and lower erosion susceptible lower slope positions
respectively, compared to the upper slopes. Moreover these
differences would be further accentuated in situations with

very long slopes.

It is hoped that the qualitative rating method
reported here can be further improved but even if it can be
developed to give a reasonably good evaluation of the erosion
susceptibility of this small area, there is no guarantee that
it will prove to be adequate in other areas. Nevertheless,
it is felt that some of the evaluation procedures and concepts
introduced here will help in developing better, more generally
applicable methods of evaluating and mapping erosion suscepti-

bility at both detailed and smaller mapping scales.
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Severe soill erosion was recognized as a problem in
Machakos District in the 1920's, and since then a variety of
measures have been implemented to try to control the erosion.
With a history of 60 years of soil conservation measures in effect
and a continuing erosion problem, it would be useful to: 1) evaluate
the effectiveness of measures already implemented; 2) identify
areas needing further conservation work; 3) identify those sediment
sources which should be controlled; and 4) determine which soil

conservation measures should be implemented in a given situation.

In order to address any one of these problems, it is
necessary to have an understanding of the sediment sources. Erosion
rates must be defined in terms of both the types of sources
contributing sediment and the spatial distribution of those sources.
In addition, if the factors controlling erosion rates are known
and if erosion rates can be calculated for various combinations
and values of the controlling factors, then &rosion rates at
specific sites and for proposed_ conservation measures can be
estimated given measurements of the controlling factors. This
procedure requires the construction of a partial sediment budget
for the area of interest. To do so,

1. The significant sources of sediment in the area

must be identified.

2. The spatial distribution of each erosion process
must be determined.

3. The sediment production rate from each source must
be estimated as a function of the rate-controlling
variables such as local slope, soil type, and
rainfall intensity. Measurements should thus be made
over a long enough time period that a representative
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distribution of weather conditions may be sampled,
and over a wide enough area that a variety of
physical parameters may be controlled for.

A complete sediment budget would account for the movement of
sediment both before and after its initial dislodgement from the
soil surface, providing quantitative measures of soil formation,
weathering, and creep rates, and describing rates of sediment

transport through the catchment (Dietrich et al., in press).

During 1981 a partial sediment budget was constructed
for Machakos District by request of the Machakos Integrated Develop-
ment Programme and with funding from the Euyropean Develcopment
Fund. Maehakog Distriet is an area of lH,OQO.ka located direetly
east of Nairobi (see Figure 1), which contains a variety of
topographic, geologic, and climatic conditions. The central
part of the district is hilly. Here the bedrock is pre-Cambrian
schist and gnesiss of the Basement Complex, and the soils derived
from it are sandy and often shallow. To the west are Tertiary
volcanic plains with vertisolic soils, and further .south. the
Chyulu Hills, a series of Quaternary cinder cones and lava flows.
Average annual precipitation correlates closely with altitude,
ranging from about 400 mm in the southeast plains to over mm in
the central hills. Population density, cultivation intensity, and
natural vegetation type are largely controlled by the precepitation
gradient: the densest settlement and most intense cultivation are
in the once-forested central hills, while the lower, drier

grassland plains are sparsely settled and are mainly for grazing.

Evaluation of erosion processes over this large, diverse
area was possible using the Systematic Reconnaissance Flight (SRF)
survey technique described in a companion paper in this volume
(Norton-Griffiths 1982). Such a survey is conducted using a
single-engine airplane which flies systematic transects- across
the area of interest. Observers on each side of the plane count
livestock within 150-m wide strips, and at fixed intervals vertical
photographs are taken for later analysis of the percent of area
cultivated under various crops, conservation methods employed,

housing density, frequency of 'erosion events' such ag gullies,
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and similar parameters. The survey thus provides information

on the distribution and frequency of various erosion processes

as well as providing comparable information on the land use
characteristics which influence the occurrence of the erosion
processes. Because the sample sites may be located precisely,
ancillary data such as local hillslope angle, slope aspect,

and annual precipitation may also be identified for each site
from published sources. In Machakos, the SRF survey was flown

in February and March, 1981. Transects were spaced at 1.5 or

3.0 km, depending upon the intensity of land use, and photographs
were taken at about 1 km intervals from an average height of 120 m.
Each photograph covers a 4-ha area and was analyzed at a scale of
1:750.

Time and budgetary constraints prevented the establish-
ment of a monitoring program to measure process rates, so this
part of the analysis depended upon published measurements from
similar areas. Reconnaissance-level field work was carried out
in the study area to provide a means of::assessing the applicability
of the published or computed rates. In addition, some measure-
ments have been made by other workers in the district (see,
for example, Edwards 1977, Moore 1979, Thomas 1974, and Thomas et al
1981).

Preliminary examination of the SRF photographs disclosed
three major sources of sediment: gullying, sheet erosion and
eroding stream banks. Of these, sheet erosion and gullying were
seen to be the most significant in terms of the constraints they
put upon land use and were thus concentrated upon during the

study.

Gully Erosion

Gullying is the most evident of the processes considered
and was easily identified on the SRF photographs. Gullies were
counted on each photograph and the resulting values transformed
to densities, which were then mapped over the study area. As
expected, the area of most intensive gullying is in the central

hills (see Figure Y4a), which is also the area of highest rainfall,
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steepest slopes, densest population, and most intense cultivation.
Because gully frequency may be expected to be positively correlated
to any one of these variables and none is independent of the
others, it will be necessary to hold the values of all but one
constant if the relationship between gully frequency and that
variable is to be examined. O0Of particular concern were the
association of gully frequency with hillslope gradient, land use
(grazing or cultivation), and conservation methods; the study alsc
outlined asscciations with soil type and agro-climatie zone, but

these will not be described here.

It should be stressed that the identification of an
association between gully frequency and a particular variable
does not imply a causal relation between the two, and even if a
causal relation is present, the direction of causality is not
always evident. The issue is further clouded in this case because
many of the gullies in Machakos District are essentially fossilized,
having shown little or no headward growth since the 1940's (Thomas
1974), Associations valid today may not have been significant
when gullies were actively forming 50 years ago. Despite these
problems, the identification of associations is useful both in
providing a description of the current distribution of gullies
with respect to land use and in identifying relationships which

further work may prove toc be causal.

Of primary concern was the characterization of the type
of land use with which gullies are associated. A general classi-
fication of gully type demonstrates that very few of the identified
gullies are located on cultivated land (see Table 1). Most
are on grazing land, while a lower percentage is asscciated with
roads or paths. It is probable that this association is actually
stronger than indicated, because the growth of a gully tends to
obliterate evidence of the path on which it started growing, and
in the following calculations road-related gullies are classified
as occurring either on cultivated or on grazing land; streambank
gullies are subdivided in the same way. In addition, it cultiva-
tion appears in the same SRF photograph as the gully, the. gully
is considered to be asociated with cultivation. This change

was made because farmers tend to shift the margins of their- fields
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to exclude gullies. The relatively high frequency of gullies on
grazed land persists despite these redefinitions. The relationship
was further tested while holding soil type, agroclimatic zone,

and slope constant, and in each case remains valid (see Figure 2,
for example). As pointed out above, a causal relation may not

be inferred from this evidence alone, and even if it could its
nature is ambiguous. Gullies may be most frequent on grazed

land, for example, because farmers tend to abandon gullied fields.

A second relationship, however, tends to support a direct
causal relation between grazing and gully formation: gully
frequency increases with stocking rate on grazed lands (see
Figure 3). Although the small sample set (each point represents
an average of 8 gullies) means that the lines are not significantly
different from each other at the 95% confidence level, the
pattern is consistent and suggestive. Further work 1is necessary
to evaluate the reasons for this association, but the high fre-
quency of track-related gullies and the high density of paths on
heavily-grazed lands suggests that the lowered infiltration rate
on compacted soils and the subsequent channelling of the excess
runoff on the path surface may play an important role in gully
initiation. In addition, rainfall simulation experiments conducted
on grazed lands in Kajiado District demonstrate that trampling
increases the erodibility of the soil by destroying its structure
(Dunne 1977).

Data from the SRF survey were also used to evaluate
the effectiveness of terracing in preventing gully formation.
A simple regression of gully frequency versus slope for terraced
and non-terraced fields does not work in this case because farmers
tend to build terraces in areas that already have erosion problems.
Instead, the four crop types for which adequate data exist were
ranked by frequency of gullying associated with those fields.
Gully frequency in each case was normalized with respect to hill-
slope angle by dividing through by the average frequency of gullies
on all crops on a given hillslope angle to account for the fact
that some crops are likely to be grown on steeper slopes than others.
The crop types were then ranked a second time according to frequency

of terracing, again normalized by slope, and a Spearman rank corre-
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Table 1. Gully distribution by type in Machakos District, Kenya

Gully type Percent of total
Grazed land 45
Road-related 28
Streambank 24
Cultivated land 3
Source: Own compilations.
lation performed on the two sets of rankings. The result is

a perfect negative correlation: those crops which are most
conscilentiously terraced have the lowest gully frequencies

(see Table 2). In this ranking, gully frequency is lowest and
terrace frequency highest on coffee fields, which are always

grown commercially. Single-cropped maize is second in terrace
frequency, and represents a.crop which is dominantly commercial;
single-cropping implies the use of mechanical cultivation, which
is rarely available to subsistence-level farmers. The third
category, fallow fields, occurs both in commercial and sub-
sistence farms, while intercropped maize fields generally represent
subsistence-level farming. Thus, once again, the causal relation
is elusive: the association of gullies with unterraced fields

may just reflect the dual effect of the greater availability of
capital with which to construct terraces on commercial farms,

and the tendency of commercial farmers to avoid gullied land.

Rates of sediment production from gullying were difficult
to determine from the SRF photographs because the current state
of activity of the fullies could not always be recognized. Work
by Thomas (1974) suggests that many of the gullies in central
Machakos were initiated in the 1930's and had reached their
maximum extent by about 1948; since then the gullies have only-
been widening. A maximum current rate of sediment production was
thus estimated by dividing total gully volume by the age of the
gullies, estimated to be 50 years. Field measurements were
used to define a relationship between gully width and depth,

which could then be applied to gully dimensions measured on the
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SRF photographs to calculate an average gully volume. It was felt
that the quality of the data did not justify a more precise defini-
tion of sediment production rates and their spatial variation, so
the average gully volume was multiplied by the measured gully
densities to produce a map of estimated sediment production

rate from gullies (see Figure 4a). Direct measurement of rates

of back-wasting on gully walls would be easy to make using measure-
ments of root exposure; some such approach would be necessary to

define the present erosion rates more accurately.

Table 2. Rankings by gully frequency and by frequency of soil

conservation structures among different crop types

Frequency of soil

Gully frequency conservation structures~¥®
Crop type observed/expected~ rank observed/expected~ rank
Coffee 0 4 1.43 1
Single-crop maize .87 3 1.03 2
Fallow ~ .97 2 .96 3
Inter-crop maize 1.15 1 .90 4

* expected value is the average for all crop types, as normalized
by slope

**% data for slopes of less than 2% are not included.

Sheet Erosion

The second erosional process of major concern in Machakos

District is sheet erosion, the gradual washing away of the soil
surface by overland flow. This process 1s most active on areas
devoid of vegetation cover, such as roads or paths, cultivated
land, and heavily grazed land. The presence of the sheet erosion
was not always evident on the SRF photographs, although in the
field the presence of lag deposits of sand on the soil surface,
erosion pedestals around plants, and small-scale rilling showed

it to be active at all sites visited. Rates and distribution of
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sheet erosion were thus calculated using the Universal Soil
Loss Equation (USLE). A similar approach has been used by Daines
et al. (1978), Moore (1979a), and Thomas et al. (1981) at

various sites in Machakos District.

The USLE 1is an empirically defined relationship
between the rate of sheet and rill erosion and the physical and
biological factors controlling that rate, and is based on over
10,000 plot-years of data collected in North America. Calibration
experiments in East Africa, however, are few, and critics of the
technique numerous. Workers in Zimbabwe, for example, suggest
that the North America data do not adequately account for the
erosion caused by short, high intensity tropical rains, and that
some clay-rich tropical scils have no counterparts in the United
States (Wendelaar 1978). In addition, many of the local tillage
methods, crops, and cropping patterns are unknown in the States,

and thus have not been calibrated.

For the current purposes, however, determining the precise
value of the sediment production rate at a site is not important.
Rather, the relative significance of different sources of sheet
erosion and the relative severity of erosion at various sites 1is
of greatest interest, and for this the USLE is quite adequate.

Dunne et al. (1981) have demonstrated that the USLE predicts the
ranking of erosion severity to the 0.05 level of confidence

among the very erosion plots on which the Zimbabwe critique 1is
based. In addition, conditions in Machakos District are favorable
for the application of the equation. The character of the rainfall
is relatively uniform over the area, so ilnaccuracles in its descrip-
tion will not affect the relative values of calculated erosion
rates. Furthermore, the most important soll types in the most
severely eroded area are loamy to sandy soils formed on Basement
Complex rocks; not only are these textures ones for which the

USLE has been shown to be accurate (Wischmeier and Smith 1978),

but many of the soils fall into general classifications which have
been tested in the United States. Representative tropical soils

of other classes such as vertisols and oxisols have now been
calibrated under field conditions (Wischmeier and Smith 1978),

and these data were used where applicable. TFinally, the range in
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tillage methods and crop types present in Machakos District provides
only minor perturbations in the general patterns of erosion
severity; its effect is overshadowed by other more significant

influences on erosion rate in the area.

A full description of the USLE is presented in Wischmeier
and Smith (1978); Wenner (1980) describes its application to
soil conservation in Kenya.
The equation, A = RKLSCP
relates the rate of sheet and rill erosion (A, tons/acre) to an
index of rainfall character (R, here calculated using the method
presented in Moore 1979b), an index of soil character (K, here
calculated from soil analyses presented in Sketchley et al. 1978;
calculated values agree closely with measured values for similar
soils presented in Wischmeier and Smith 1978), a hillslope length
factor (L, here calculated from measurements of drainage density),
a factor reflecting hillslope gradient (S, here measured from
1:50,000 scale topographic maps), a cropping factor (C, here
evaluated using tables in Wischmeier and Smith 1978, and estimates
of ground cover presented in Dunne et al. 1981), and a management
index (P, evaluated for terraces using tables in Wischmeier and
Smith 1978).

The study area was divided into 5 km by 5 km grid cells,
and the SRF data were used to estimate the proportion of each
cell under forest, grazing land, and a variety of crop types.
An average value for each of the parameters described above was
measured for each grid cell, and the results used to calculate the
total amount of sediment eroded from land in each classification
in each grid square. Values for the various crop types were summed
to provide a value for cultivated land (see Figure-ic); the

distribution of sheet erosion on grazed lands is shown in Figure
4d.

Comparison of field measurements and calculated erosion
rates on unpaved roads in north-western North America shows
that the USLE provides reasonable estimates of sheet erosion on
roads which are not heavily armored with lag deposits of gravel
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(Reid 1981). On this basis the USLE was also used to calculate
erosion rates on the Machakos road surfaces. Road and path
densities were measured on 1:20,000 scale aerial photographs for
representative grid cells. Slope lengths along the road surfaces
were then measured using a stereoscope, and average gradients
measured on topographic maps. Application of the USLE then

produced the map shown in Figure ub.

Figure 4 demonstrates that in each case the highest
erosion rates are found in the central hill region. The figure
also shows that the single most significant source of sediment 1is
sheet erosion on grazing lands. However, on average only 15%
of Machakos District is cultivated; grazing lands dominate
sediment production only because they are areally dominant. In
addition, the calculations for cultivated land were made assuming
the fields to be terraced, as the majority in Machakos District
are. Were terracing not present, values for erosion from

cultivated land would be about 10 times higher than those shown.

Discussion

If the data from a single grid cell are re-examined 1in
terms of sediment yield per unit area of a given land use, the
difference between the dominant source and that undergoing the
most severe erosion becomes clear (see Table 3). Although
grazing lands are the dominant of the three sources of sheet
erosion in the grid square (the average of 73% of each ha of
grid square which 1is occupied by grazing land produces 12 t/yr),
the rate of sheet erosion per unit area of the land use in
question (in this case, 18 t/yr per ha or grazing land) is not
the highest of those considered. The most severe erosion, on the
other hand, is on the road surfaces, despite the fact that their
average gradient is only half that of the surrounding cultivated
and grazed lands. These values may be compared with a loss rate
of 0.6 t/ha-yr calculated using the USLE for the same area under

the natural forest vegetation that was present before settlement.

In areas of over 13° average gradient and relatively high

annual precipitation, erosion rates on well-terraced maize fields



are higher than those on grazed slopes. These conditions are

common in the central Machakos hills. Here ground cover density

is high on grazed lands even at the end of the dry season;

measured values in the area ranged between 30% and 50% in September,
1981. TIf loss rates significantly higher than the calculated

18 t/ha-yr occurred, then erosion pedestals would be visible even
on annual grasses and herbs. No such pedestals were observed, except
on gully walls and in association with paths. In drier areas

with lower minimum cover densities on grazed lands, the intensity
of sheet erosion on grazed lands is expected to increase relative
to that on maize fields. In addition, gullies are generally

associated with grazed lands and must be taken into account if an

Table 3. Calculated sheet erosion from different types of land

use in the central Machakos hills, and corresponding

erosion rates per unit area of the given land use.

Values are subject to rounding error.

Loss rate, with Erosion rate

Type of Percent of given distribution of per unit area of
sheet area 1in use land use in area- given land use

erosion category (t/ha/yr) (t’/ha/yr)
Road sur-

face 2 3 310
Cultivated

land 23 3 12
Grazed land 73 12 18

*A value of 3 t/ha/yr for cultivated land thus implies that the
0.23 ha of cultivated land per ha of land in the area produces

3 t/yr.

overall comparison of sediment production from grazed and

cultivated land is to be made.

The difference between the dominant sediment source and
the most severely eroded source leads to the necessity of defining
the 'significance' of a sediment source in terms of a specific

type of land use. For example, if the rate of sedimentation in
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local reservoirs is of concern, then the most important source
of sediment is clearly sheet erosion on grazed lands. On

the other hand, if concern is focused upon an abnormally high
rate of soil thinning of a maize field in central Machakos, then
it might make sense to convert that site to grazing land.

And if structural damage caused by erosion i1s a topic of worry,
then the most significant erosion process is gullying, despite
the fact that gullying contributes the least amount of sediment
of the sources considered.

This study was described as a reconnaissance survey,
and as such, it has covered an extremely wide area rather
superficially. The major value of such a study is not the
estimates of erosion rates which it produces; these numbers
are useful only in indicating the order of the actual loss rates
and in providing a means of comparing the effects of different
sediment sources. Rather, the study's value lies in its ability
to expose large-scale patterns in the distribution of erosional
processes, both spatially and in terms of the association of
process with land use and physical parameters. The study thus
provides the basis for designing long-term monitoring programs
by 1) indicating which processes are in need of monitoring, 2)

showing where these processes occur, and 3) defining associations
which may, with further study, illuminate the specific causes

of the erosion problems. Even if further studies are not carried
out, reconnaissance surveys are a useful means of determining
where erosion control measures are most needed and which sources

are in most need of control.
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Fig. 3 Gully frequency versus hillslope gradient for various
stocking rates on grazing lands - Curves fitted by eye
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APPLICATION OF LOW LEVEL AERIAL
SURVEY TO STUDIES OF SOIL EROSION

By

M. Norton-Griffiths
EcoSystems Ltd., Nairobi

INTRODUCTION

The rate at which soil erodes is a function of many
interrelated factors, including the nature of the soil itself,
the nature of the topography, the intensity, duration and

amount of rainfall, and the cover of the natural vegetation.

The impact of human use on the land is to modify
these controlling factors so that erosion rates become
accelerated. Cultivation strips off the protective vegetative
cover and exposes bare soil to the first rains of the season.
Felling of woodlands similarly exposes solil to the erosive
influences of rainfall, while heavy grazing pressure from
stock denudes natural cover. Bare tracks made by people
and their stock concentrate run off so that gullies form,

as do poorly maintained road networks.

However, the impact of human land use on erosion
rates can be minimised by careful land husbandry. Thus
terraces reduce slope angles and therefore the speed with
which water runs off. Contour ploughing (as opposed to
ploughing up and down slopes), ridging, tied ridging and
contour bunding all reduce slope lengths and therefore also
the speed with which water runs off. Careful stock management
can maintain high stocking levels and good plant cover. Well
designed and maintained roads, culverts and drainways will
minimise damage from gullying. And a judicious selection
of crop types, including tree crops, can, with careful

management, maintain some plant cover throughout the year.

The aim of soill conservation programme is to
modify human land use so that their impacts on soil erosion

are reduced. However, to do this, information is needed on
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the sources of soil loss, on the processes causing the soil

loss, and on the associated land use parameters,

Although field measurements can provide accurate and
precise data on the rates of soil loss through different
processes (sheetwash, gullying etc.) and from different
sources (cultivated land, rangeland, roads etc.), it is
extremely difficult to obtain good data from ground surveys
on the proportion of land taken up by different land uses.
To quantify land use parameters we need to know within a

spatial framework the proportion of land taken up by:-

Cultivation broken down by type of cultivation
(e.g. terracing, flat fields,
ridged fields etc.) and by crop

type and crop combination.

Rangeland broken down by areas under different

stocking densities.

Vegetation Cover broken down by woody, bush and
herbaceous.
Infrastructure : broken down by roads and tracks,

compounds, and bare areas around

settlements.

Armed with such information, and with field measurements
of the sediment yields associated with each of these parameters,
it is possible to calculate a sediment budget for an area. And,
as Leslie Reid explains in her contribution to this workshop,
the sediment budget is the first step in designing and

implementing soil conservation strategies.
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THE SYSTEMATIC RECONNAISSANCE FLIGHT

Over the past few years, we have developed and refined
a method for quantifying the spatial distribution of land use
parameters by a combination of visual observations and vertical
photography from low flying, light aircraft. Known as the
Systematic Reconnaissance Flight (SRF), the method had its
origins in the study of the seasonal migrations of wildebeest in
the Serengeti ecosystem, Tanzania, and the associated changes

in range quality, water availability and fire.

The SRF is a sampling method whereby an aircraft flies
parallel transects across a study area at a ground speed of
around 160 kilometres per hour and at a height of some 400
feet above ground level. Visual observations are recorded
continuously along the length of each transect, but are
divided into successive 'sub-units' on the basis of elapsed
time (e.g. 30 seconds) or elapsed distance (e.g. five kilometres).
One or more vertical, sample photographs are taken within each
sub-unit, and all data recorded during the survey are cross

referenced to an individual transect/sub-unit.

The sampling intensity is set by the spacing of the
transect which is itself a compromise between the amount of
money available for the survey, the size of the study area
and the desired precision of the survey estimates. Typically,
a ten kilometre spacing will be used for large areas and a

tighter spacing for smaller areas.

The survey height is also a compromise between the
requirement for the observers to be able to locate and count
objects accurately and the area that can be photographed
from a vertically mounted camera. A height of 400 feet above
ground level is a widely accepted compromise. At this height
counting bias is acceptably low (and can be corrected for)
while a super wide angle lens photographs a sample area of
around 4 hectares. The pilot controls height along the
transects by reference to a radar altimeter which gives a

continuous read out of height above ground level.
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The survey speed is yet another compromise between
cost and observer counting bias. A ground speed of 160
kilometres per hour is widely used, and experienced
observers have no difficulty in locating and counting

objects at this speed.

The key to the SRF method is the accurate navigation
of the aircraft along the selected transects. Although
navigation is always carried out by reference to maps and
ground features, sophisticated navigation systems now
provide the capability to maintain very accurate spatial
orientation. We use the GNS500A navigation computer which
tunes into a worldwide network of sixteen very low frequency
radio beacons (the OMEGA/VLF network). The system has an
operational accuracy of 0.1l nautical miles (185 metres) and
provides the pilot with continuous position information in

addition to other important data such as ground speed.

By controlling both flight line orientation and ground
speed accurately, each sub-unit along the transect can be
accurately located in space. The SRF therefore yields a
set of data points each of which can be accurately

georeferenced.

An SRF survey is almost always carried out within
the framework of a sampling grid, and each data point
(sub-unit) is assigned to an individual grid cell. The (UTM)
Universal Transverse Mercator is widely used for such
sampling frames, for it is a world wide standard grid system
which 1s projected onto many maps, and which can be projected
easily onto aerial photographs or other cartographic/thematic

data sources.

Figure 1 shows the eastern part of Shinyanga Region,
Tanzania, which was surveyed in October 1981 using the SRF
method. The 10 kilometre UTM grid system has been projected
onto this base map. Figure 2 shows the orientation of the
transects on this SRF survey. The transects were spaced

at 10 kilometre intervals across the whole of the 24,000
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square kilometre study area, and each sub-unit was 1.3
kilometres in length (30 seconds of flying time at

160 kph). Sampling was more intensive over the areas

of excessive soil erosion, the transects being spaced at 5
kilometre intervals. 62% of the study area was therefore
sampled with transects spaced ten kilometres apart and
38% was sampled with transects spaced five kilometres

apart.

VISUAL OBSERVATIONS

Observers sitting in the rear seats of the aircraft
continuously scan a sampling strip which is demarcated by
rods attached to the aircraft wing struts. The width of the
sampling strip is once more a compromise between obtaining
as large a sample as possible whilst minimising observer
counting bias. Experienced observers can scan a strip of
150 m width at a height of four hundred feet and at a
ground speed of 160 kph.

The observers record all their observations onto tape
for later transcription, along with time pulses to distinguish

between successive sub-units.

Experienced observers are capable of recording a wide
range of information on land use patterns, domestic stock,
wildlife and erosion. In the SRF survey of Shinyanga
referred to above, the observers primarily concentrated

on stock, wildlife and erosion.

Cattle, sheep and goats, donkeys and eighteen
species of wildlife were tallied on a sub-unit basis, any
large herd of animals being photographed for accurate
recounting at a later date. Sheep and goats were counted
as a combined category due to the difficulty of discriminating

each type of animal within their mixed herds.
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A wide range of erosion phenomena were also counted
within the 150 m sampling strips either side of the aircraft.
Sheetwash, gully incidence and character, streambed and stream-
bank conditions, and the presence of rilling on roads, fields

and open rangeland were all quantified.

Sheetwash erosion was recognised to be active on areas
without vegetation or with only sparse vegetative cover, and
which showed evidence either of armouring by coarse sediment
or of flow concentrations on non-channelled slopes. The
relative severity of the erosion was noted, as was its
association with rangeland, cultivated land or towns. Rilling
was frequently seen in areas of extreme sheetwash, and the
number of rill systems in each sub-unit were counted. Here,

too, associations with land use were noted.

Whereas rills were defined as narrow hillslope
channels of less than 1 metre in width, showing either signs
of recent headward erosion or fine digitate form, gullies
were identified as wide channels of more than 1 metre with
distinct headwalls. The gullies were further divided into
those showing signs of recent erosion (e.g. those having
steep, non-vegetated walls) and those which were partially
healed (e.g. vegetated). Gullies too, were classified
according to the land use with which they were associated,
rangeland, cultivated land or roads. Where gullies existed
as individual, linear features their numbers were counted;
where larger areas were affected by gullying, for example
a series of gully systems along a footslope of a hill, the
count was given a value of 10; and where such a situation
persisted for more than half of a sub-unit the count was

given a value of 20,

The number of roads falling within the sample strips
were counted, and each road was classified according to
whether rills or gullies were present on, or were parallel
to, the road alignment. Roads parallel to but within the

sampling strips were counted only once per sub-unit.
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Finally, eroding streambanks were evaluated using
much the same technique as with roads. Streams in the
sample strips were counted and were classified as non-
eroding (over 75% of the bank length vegetated or at
a low angle) or eroding (over 25% of the bank length

near-vertical and bare of vegetation).

VERTICAL AERIAL PHOTOGRAPHY

Vertical colour photographs, taken along the
length of each transect, provide the bulk of the data
on land use. Typically, one sample photograph is taken
in each sub-unit, although the frequency can be increased

over areas of particular interest.

We use an Olympus OM-2 35mm camera equipped with
250 exposure cassettes and an 18mm lens. The field of
view covers approximately four hectares at a flying
height of four hundred feet above ground level, at a
film scale of approximately 1/7500. The radar altimeter
reading is recorded at the time of every exposure so that
scale and areas calculations can be controlled for each

frame individually.

The colour diapositives are analysed by projecting
them vertically onto a desk top 'dot-grid', at a 10 x
enlargement to give an interpretation scale of 1/750. The
semi-random dot grids contain 640 dots over the area of
the frame, each dot having an equivalent diameter on the

ground of approximately one metre.

A wide range of land use data can be quantified from
these vertical, colour transparancies, including information
on the area under cultivation, the methods of land management,
the types of crops being grown (this is obviously very
dependent upon the timing of the survey), the nature of
settlements, the ground cover of vegetation, the nature and
extensiveness of erosion phenomena, and the amount of land

taken up by infrastructure and support activities.
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In the Shinyanga SRF survey already referred to,
each photograph was analysed in four different ways.
First, counts of buildings were made, separating those
with mabati*roofs. from those of traditional style roofs.

Second, dot counts were obtained for a variety of
land use types in order to calculate the proportional area
of each. Agricultural fields were divided into- actively
cultivated and currently unused fields. The active fields
were further sub-divided into flat fields, ridged fields and
rice paddies, and each of these were measured to determine if
the field in question was larger or smaller than one hectare.
The areas of public transportation arteries, pathways,
buildings and yards, hedges and thorn fences, rock outcrops
and drainage ways were all evaluated. Woody canopy cover
was measured by counting the number of dots which intercepted

the crowns of woody vegetation.

The third analysis involved the quantification of a
number of erosion phenomena, in particular the area affected
by gullies. This was evaluated by counting the number of
dot-grid squares into which gullies intruded, each frame
containing 160 squares. This gave a better measure of
gully area influence than counting the semi-random dots on
such a digitate and dynamic feature. Each gully was also
classified by its association with roads and paths,

streambanks, cultivated land or open rangeland.

Lastly, the predominant soil type of each four hectare

sample was classified into one of ten soil categories.

ANCILLARY DATA

The SRF survey technique can, as we have seen,
quantify the abundance and distribution of a wide range of
land use parameters and erosion phenomena. However,
ancillary data is almost always required to interpret the
land use patterns and their associations with erosion
phenomena and to interpret the causes of the erosion phenomena

themselves.

*Galvanised iron roof.
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This ancillary data can be obtained from a variety of
sources, including topographic maps, soil maps, rainfall
maps, satellite imagery, conventional aerial photography,
demographic censuses and detailed field surveys. One of
the most powerful aspects of the SRF survey method is that
it is quite straightforward to integrate such ancillary data
into the SRF data set.

In the Shinyanga SRF survey we made use of the following
range of ancillary data. Mean elevation, stream density and
mean slope angles were obtained from 1/50,000 and 1/250,000
scale topographic map sheets. Data on precipitation, evapo-
ration, livestock occupation history and cattle dips were
obtained from previous consulting reports from the area, as
were data on soil types and characteristics. Administrative
boundaries of Districts, Divisions and Wards were obtained
from the Shinyanga regional authorities, along with data on
human population densities. Landsat images were used to
define areas of excessive land use pressure and high erosion
potential, and areas in which land degradation had intensified
during the eight year span of the satellite image record.
Conventional black and white aerial photographs at
approximately 1/40,000 scale and dating from 1964 and 1976
were used to quantify changes in agricultural land use,
woody canopy cover and areas affected by gullies. Finally,
field studies were carried out to measure the rates of
erosion associated with the land use parameters and erosion

phenomena quantified by the SRF survey.

DATA COMPILATION AND INTEGRATION

In general terms, the data collected in the course
of an SRF survey, including the ancillary data, are in either
'point' form or in 'grid' form. Point data are individual
samples or observations collected at a precisely determined
point in space. Examples of point data include:

the number of livestock counted by observers on the
SRF survey in a defined sub-unit of a transect;

the area of cultivated land measured from an
individual vertical photograph taken in a defined
sub-unit;



ground measurements of the rates -of soil loss
from sheetwash erosion;

an individual farmer interview; and

soil type identified on an individual 35mm sample
photograph.

Grid data is much more coarse and involves classifying
an individual UTM grid square on some particular attribute.
Examples of grid data include:

rainfall : each grid cell is assigned a value for

mean annual precipitation, taken from
a rainfall map:

- slope : each grid cell is assigned a mean slope
angle, measured from topographic map
sheets;

- drainage : each grid cell is given a mean value for

drainage density, measured from topographic
map sheets;

- elevation : each grid cell is given a mean. elevation,
measured off topographic map sheets; and

- previous
cultivation: each grid cell is given a % cultivation
area measured from existing black and
white aerial photographs (note that the
UTM grid must be first projected onto
the airphotos).

Every sample point is assigned to a particular grid cell,
and every grid cell contains a precisely determined set of
sample points. Data are therefore freely transferable between
points and grids, and vice versa., Thus, a grid cell can be
characterised on the basis of some attribute measured at all
the sample points falling within it, such as the average
density of livestock, the average area of cultivated land or
the dominant soil type. Similarly, all the points assigned to
a grid cell can be characterised by any attribute defined for
the grid cell as a whole, such as mean elevation or average

annual precipitation.

Although some data types do not fall naturally into the
point/grid classification, they can still be accomodated in

the data set. For example : -
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Administrative

Boundaries Each point is classified according
to the District/Division/Ward into
which it falls.

Landsat Image

Strata : Each point is classified according
to the Landsat image interpreta-
tion strata into which it falls.

Population Data : Population census data on a
Division or Ward level are entered
into the data set by assigning the
relevant density figures to those
points already classified on a
Division or Ward basis.

Once the data are compiled into point or grid form, new
data variables can be calculated from any combination of original
variables. Thus, the total density of livestock units can be
calculated at each point and in each grid cell from the surveyed
densities of cattle, sheep, goats and donkeys. Similarly, the
relative change in agricultural land use can be derived from
measurements off existing sets of aerial photographs. Further-
more, indices of erosion 'severity' can be created by combining

all the erosion data. Figs 3-9 show how data 1s presented.

There are two main advantages to using a matrix of points
and grid cells for the storage and presentation of data. First,
the grid cell matrix lends itself to efficient mapping of data
variables. The cell format provides the simultaneous depiction
of both overall spatial patterns and the underlying local

variations.

The second advantage of the point/grid system lies in
their ease of manipulation and flexibility for computer
analysis. Once the points are classified into the appropriate
administrative unit or erosion category, the associated land
uses within each can be analysed. Furthermore, the finer
texture of the point data permits the analysis of survey
data at the local scale as well as at the coarser, subregional
scale of the UTM grid cell.

APPLICATION OF THE SRF SURVEY METHOD

The SRF survey is a powerful method for quantifying

the abundance and distribution of resources, land use and
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erosion phenomena, and for integrating a wide range of data,
including ground survey data, to interpret land use patterns

and the relationships between such patterns and soil erosion.

It must, however, be clearly recognised that the SRF survey

is only one aspect of an integrated approach to soil erosion.
The advantage of the SRF method is that it can quantity land
use parameters and erosion phenomena over large areas relatively
quickly and at relatively low cost. The data provided by an

SRF survey are effectively impossible to acquire through

ground survey methods, but they cannot be interpreted in a

meaningful manner without field measurements.

In our recently completed study of soil erosion
in southeast Shinyanga Region, Tanzania, the SRF survey

fulfilled the following important roles.

(a) Inventory
The SRF data provided an inventory of resource

abundance, resource use, land use and erosion
phenomena for each District and Division in the
study area, including thematic maps of each
surveyed attribute. These inventories provide
up-to-date information on which future develop-

ment and soil conservation plans can be based.

(b) Field Studies

Study Units were defined from an assessment of

the regional patterns of land use and erosion.
The field team was provided with both a
comprehensive inventory of the patterns of land
use and erosion within each study unit and a
preliminary assessment of their interrelationship
The field studies were planned and implemented

within these study units.

(c) Extrapolation of Field Results

The results of the field studies were extrapo-
lated on the basis of the SRF data ‘to interpret

the regional patterns of land use and erosion.
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(d) Recommendation Areas
Recommendation Areas were. defined.by integrating

all information from regional sources, the SRF
survey and-the field studies. The recommendation
areas were homogeneous for environmental attributes,
for land use patterns and farming.systems, and for
the nature, extent and underlying causes of

erosion. Programmes for soll conservation and
rehabilitation were designed within the framework

of these recommendation areas.

COSTS

The costs of an SRF survey are affected by many
factors, including the size of the study area, the intensity
of the sampling, the logistic difficulties and the amount of
ancillary data to be accessed and integrated into the SRF survey
data set. An average cost over five SRF- surveys in Sudan,
Kenya and Tanzania, in areas ranging from 120,000 square kilo-
metres to 14,000 square kilometres, is US $5.0 per square
kilometre. This figure. includes the survey, logistic support,
data analysis and reporting, but does not include the costs of

any associated ground surveys.

Conventional aerial photography currently costs about
twice this on a per square kilometre basis, before any analysis
or photointerpretation is carried out. The SRF survey method

is therefore very cost effective.
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LIST OF FIGURES

Figure 1 South East Shinyanga, Tanzania. A base map of
the 24,000 square kilometre study area with the
10 kilometre UTM grid system overlaid,

Figure 2 Flight lines were run east-west across the study
area to cut across the major environmental and
land use gradients, Flight lines were spaced
at 10 kilometre intervals over the study area, and
at five kilometre intervals in areas of excessive
erosion,

Figure 3 Administrative reporting units within the study

o

area, District, Division and Ward boundaries

are shown.

Figure 4

o

Relative change in population between 1967 and

1978, derived from population census data.

Relative change in agricultural area (active
cultivation) between 1964 and 1976, derived
from an interpretation of 1/40,000 scale black

Figure 5

o

and white air photocoverages.

o

Figure 6 Relative change in wooded area between 1964

and 1976, derived from same photocoverages,

o

Figure 7 Gully erosion index, derived from visual

observations on the 1981 SRF survey.

Sheetwash erosion index derived from same data
source.

Figure 8

o

Figure 9 Total cultivated land in hectares per square

o

kilometre, derived from the 35mm sample, colour

photographs taken during the 1981 SRF survey.

Figure 10 : Livestock unit density per square kilometre,
derived from the visual counts of livestock during
the 1981 SRF survey.
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Figure II : Woody cznopy cover as hectares per square kilometre,

derived from the 35mm sample photograph, 1981 SRF
survey .

Figure 12 : Total wildlife density per square kilometre, derived
from visual observations of eighteen wildlife species,
1981 SRF survey.
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LANDSAT DATA FOR RESOURCE ANALYSIS

By
Barry N. Haack

Regional Remote Sensing Facility
Nairobi.

INTRODUCTION

A major problem for many decision makers and resource
scientists i1s the lack of current reliable information on which
to base decisions or conduct scientific investigations. This is
particularly true for the extent and location as well as changes
in such natural resources as forests, rangeland, agricultural
fields, soil types, and water features. A very useful data source
in providing such information, especially in a regional context,
1s the Landsat orbiting satellites. These satellites have been
repetitively collecting images of essentially the entire earth's
surface since 1872. The purpose of this paper 1s to describe the
Landsat satellite system, the data collected by this system,
some applications of this data to soil and water resources, and
the availability of this data and services provided by the Regional

Remote Sensing Facility in Nairobi.
LANDSAT

The Landsat satellites are part of the rapidly growing
techniques of remote sensing. Remote sensing is the collection
of information without direct contact, by use of such instruments
as cameras, radar systems, acoustic sensors, seismogrphs,
magnetometers and sonar. A narrower but more conventional difini-
tion of remote sensing is the practice of data collection without

direct contact between the sensor and subject area in ultrayiolet
to radio regions of the electromagnetic spectrum thus neglecting

acoustic, seismic, and some other sensors. Remote sensing has
an extensive history in aerial photo-interpretation, a data source

still extremeley important in current remote sensing techniques.

Remote sensing techniques have changed greatly in the
past twenty years with (1) the use of new sensors such as thermal
infrared and radar; (2) the use of new platforms, particularly

satellites, to collect data; and (3) the use of computers to
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analyse the data. The Landsat satellites oncorporate all of

these techniques. The first Landsat was launched by the United
States National Aeronautics and Space Administration (NASA) in July
1872. 1Its purpose was to demonstrate the value of continuous,
worldwide data gathering from an orbital platform. Landsat 1,

with an expected lifespan of one year, functioned until January,
18978. Landsat 2 was launced in January 1975 and Landsat 3 was

put into orbit in March 1978. To maintain continuity of data all
three of these satellites have carried essentially the same in-
strumentation. The fourth satellite in this series, Landsat D,

1s expected to be launced in 1982. Landsat D will have some

different sensors than its predecessors.

The satellites in the Landsat series orbit the earth
at an altitude of approximately 930 km. From this altitude the
satellites view a swath of the earth's surface 185 km wide. Each
day the satellite makes 14 orbits of the earth, and on the 18th
day the orbit pattern repeats. Therefore, every 18 days, Landsat
views the entire earth's surface between 81°N and 81°S. The
systems on board the satellites do not penetrate clouds. Most
places are cloud free on two or more occasions each year and since
the launch of the first Landsat satellite the whole of the Eastern
African region has been viewed by the satellite on at least two
cloud-free occasions. The overall average of cloud-free images

per area is six.

There are two sensor systems on board, a return beam
vidicon (RBV) system, which is basically a television sensor
collecting essentially black and white images with a 40m re-
solution, and a multispectral scanner (MSS) which records
differences in sun reflectance from earth surface features. The
RBV system functioned only briefly on Landsat 1 and 2; however,
it is being more thoroughly utilized in Landsat 3. The images
gathered by the satellite MSS are made up of individual measurements

of reflected energy for 0.4 hectare areas of the earth's surface.
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These measurements are gathered row by row in a scanning system

and transmitted to earth where they are received at ground stations,
recorded and then reassembled to make 'pictures' of the earth's
surface. A standard Landsat image views approximately 35,000 sg

km of the surface of the earth. The measurements collected

to make these images are taken in four parts of the electroma-
gnetic spectrum and are measurements of green-yellow light (re-
ferred to as band 4), orange-red light (band 5) invisible infra-

red energy (band 6), and a further step in infra-red energy (band

7). Precise definition of these bands is as follows:

Band 4 500 - 600 nanometers wavelength
Band 5 600 - 700 nanometers wavelength
Band 6 700 - 800 nanometers wavelength
Band 7 800 -1100 nanometers wavelength

The images are generally available as prints or trans-
parencies in several sizes but most frequently obtained as 18.5 cm
by 18.5 cm products at a scale of 1:1,000,000. Portions of these
images can generally be enlarged to a scale of 1:100,000. The
images may be obtained in black and white for the RBV data
or individual MSS bands. Individual MSS bands can be projected
through color filters and registered to produce false color
composites (FCC's). The FCC's can be obtained in several band
and color filter combinations but most typically produce an image
very similar to one obtained by use of color infrared film where

vegetation appears red.

The procedures for visual examination of Landsat images
are almost identical to those used for interpreting conventional
aerial photographs. Landsat's much smaller scale, making objects
appear smaller than on aerial photos, is the principal difference.
As with aerial photo interpretation the materials needed can
range from nothing more than a pencil and transparent paper to

expensive, sophisticated optical instruments.
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Landsat i1s not intended to be a substitute for aerial
photography and its inability to provide the same type of in-
formation as aerial photography should not be cited as a deficiency.
This system was primarily intended to provide thematic maps at
scales of 1:100,000 or 1:250,000 (Morley, 1977). The spatial
extent and frequency of coverage provide advantages of Landsat
data over that obtained from aerial photography. The data from
these satellites is often complimentary to that from aerial
photography and the combination of these data types in multistage

sampling is often very effective in resource ané&ysis tasks.

There are several Landsat data characteristics which
make it a valuable tool for resource inventory and analysis.
Some of these important characteristics are the following:

1. Worldwide Coverage. There is existing Landsat data for

essentially all habitable land surfaces and in some areas of
the world this is the only reasonably current or accurate data
available.

2. Repetitive Coverage. Repetitive data is important for the

analysis of features only observable at specific times such as
seasonal fluctuations in lake or reservoir water levels.
Multitemporal data is also important to monitor crop growth and

other dynamic features.

3. Synoptic View. The extensive area covered by one Landsat

scene provides an examination of large features or regional

patterns difficult if not impossible by other means.

4. Uniformity Over Time. Each system satellite passes over a

given latitude on the earth's surface at approximately the same

local time. This uniformity of sun illumination eases data inter-
pretation.
5. Uniformity Over Large Areas. Mosaics of national, sub-

continental, or even continental areas can be created using

Landsat images.

6. Multispectral. Data are acquired simultaneously in four bands

through the same optical system. Some features can be better

observed on individual bands or specific combinations of bands.
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Burned grasslands or forests can be best seen on MSS Band 7
while turbid water or shallow water features can be best seen

on MSS Band 4.

7. Planimetric. Landsat's high altitude and the narrow of

land scanned produces near orthographic images. This means
that shapes, dimensions, and relative locations of individual

features remain almost constant over the entire image.

8. Readily Available. There are no restrictions on the
availability of the Landsat data. For East Africa all Landsat

images with less than 30 per cent cloud cover are available to
examine or purchase at the Regional Remote Sensing Facility in

Nairobi.

9. Easily Usable. A great amount of information can be

obtained from Landsat data by persons with limited training
and without extensive equipment. Many of the basic techniques
of aerial photography interpretation can be applied to the
imagery. More sophisticated equipment and extensive training
can enhance the utility of this data source but are not always
required.

10.  Inexpensive. The cost of purchasing Landsat images is

extremely minimal on a cost per unit area basis. Current,
13982, costs for a 18.5 cm by 18.5 cm color print covering
34,000 square kilometers is 180 Kshs.

The Landsat system has many useful attributes for
national or regional resource assessments. There are many
Situations where this is a very appropriate data source and
others where it is not appropriate. Landsat data, as most
remotely sensed data, is most useful when combined with other

information such as topographic, soils, or geologic maps.

HYDROLOGY APPLICATIONS

In the Eastern Africa region Landsat data provide an
important source of information about water resources. The
repetitive coverage of Landsat is ideally suited to provide

seasonal images of surface waters from which changes in the
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areal extent, presence of vegetation, and degree of turbidity
may be correlated with contemporary or previous field studies
of actual conditions. Data derived from the analyses of such
images can provide a rational basis for planning the economic
utilization (salt or water extraction and agriculture) and
engineering development (roads and airfields) of these hydro-

logic features.

Simple location of surface water can be done very
effectively with Landsat. Surface areas greater than five
hectares can be identified with 99 per cent accuracy. Mapping
of floods and water courses or water body changes for map

updates can also be done very effectively.

Repetitive coverage of Landsat may determine if a
stream i1s in continous or intermittent flow. Landsat has
proved effective in providing data on stream networks for

drainage maps in Lesotho.

It has provided reconnaissance-level data needed
for the development and operation of large irrigation projects
as in Swaziland. Such data may alsoc be used for the design of
major impoundment structures and their impact can be Landsat
monitored. Landsat data have in some situations provided input
to water-demand or ground-water-flow models for irrigation
projects.

) Landsat data are used to assess major watershed character-
istics that affect runoff. It may be possible in the semi-arid
and arid watersheds of East Africa to develop information on
runoff prediction based on data from Landsat and available

meterological satellites (Haack and Falconer 1981).

Interpretation of a photographic print of Landsat data
also reveals features associated with ground-water occurence
such as landforms and landform patterns, drainage characteristics,
vegetation types and associations, outcrop patterns, solil tones,
lake patterns, and landuse or landcover characteristics. Some

detected features directly imply the presence of shallow sands
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and gravels; other features indicate rock types or the presence
of folds and fractures. There is often a good correlation
between lineaments detected on aerial photographs or satellite
images and the occurence of ground water in dense, fractured
limestones. There is good reason to believe that many linea-
ments are related to ground-water occurence in other types of
dense, fractured rocks. Another application of Landsat can be
the delineation of zones of potential recharge for ground-
water supplies. Delineation of such recharge zones could aid
in more efficient management of water quantity and quality
(Moore, 1978).

In one area of the Sahel, no surface drainage ways of
any substance were found on Landsat, indicating very poor
soils for that region. The absence of surface drainage ways
may suggest the presence of shallow aquifers which could be
developed for livestock watering points for nomadic herds
(Macleod, 1973). The regional distribution of existing water-
ing points may also be associated with regional patterns of
geology revealed by the Landsat data. Thus for the development
of regional hydrology plans Landsat data can play a useful role,
as in Tanzania where satellite data have been used by the Bureau
of Resource Assessment and Land Use Planning (BRALUP) in compiling

data for regional planning purposes (Haack and Falconer 1981).

PEDOLOGY APPLICATIONS

Aerial photography has been an important tool to the
soil scientist to plan and operate field activities as well as
to delineate soil boundaries. The Landsat data attribute of
importance to the soil scientist include 1) availability for
some areas where no other data exists, 2) synoptic coverage to
identify regional soil patterns, 3) repetitive coverage to
provide data under wet or dry soil conditions and when vegetation
cover is minimal, and 4) multispectral capabilities because
different spectral regions have different functions in soil
analysis. Perhaps the greatest utility of Landsat data for the
soil conservationist is not the direct examination of soils but
the examination of the coverage and condition of vegetation

communites which are often indicators of soil differences.
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The usefulness of reflectance data from surface
features as provided by Landsat for soil mapping is limited because
conventional soil series are differentiated by both surface
and subsurface properties. Landsat cannot discriminate between
solls which are differentiated only by subsurface features.

The ability to delineate soil characteristics from this data is
a function of the correlation between the spectral properties
and important physical or chemical properties of the soils.
Soil color is obviously important in soil reflectance, but
variations in soil moisture, surface roughness, crusting, or
cultural practices also affect reflectance. This data can
frequently identify variations in organic content, salinity,
and soil moisture. An ability to identify soil moisture will
most likely improve by use of a thermal MSS band. The inter-
ference of surface vegetation in directly examining soils is
often a problem. In some cases this problem can be minimized
by use of temporal data when the vegetation interference is
minimal. In other situations, the relationship between soil
and vegetation is such that an identification of vegetation
types or densities is an indicator of soil type. Satellite
data is seldom sufficient to identify the same spatial and
functional detail as traditional soil mapping but may be very
effective in determining broad soil characteristics and soil
patterns over wide areas in a short time particularly for
reconnaisance surveys. In areas of severe soil erosion creating
greater exposure of the subsoil causes a changing of the spectral

reflectance which can be seen on Landsat data (Davis, 1975).

REGTIONAL REMOTE SENSING FACILITY

Because of the value of remote sensing in natural
resources studies and the need for such studies in Africa, the
Regional Center for Services in Surveying and Mapping included
a remote sensing division in its plans. The Regional Centre,
set up under the auspices of the U.N. Economic Commission for
Africa, is designed to provide specialized services In survey-
ing and mapping under the motto 'mapping for development'. The
United States Agency for International Development (USAID)
entered into an agreement with the Regional Centre, which provides

support for the remote sensing division.
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The Regional Remote Sensing Facility is the remote
sensing division of the Mapping Centre. It provides advice, services
services and support for users in the Eastern Africa. The
Facility produces copiles of satellite images from an extensive
library of photographic transparencies and can create scaled
enlargements, map overlays and photographically enhanced images
to meet user requirements. There are charges based on a cost-
recovery policy for the photographic products. The Facility
also provides a programme of subsidized training courses in
remote sensing and a subsidized consultant service for investi-
gators wishing to utilize remote sensing data. Work is also
done on a co-operative basis with natural resources projects in

the region.

SUMMARY

Improved natural resource utilization without excessive
environmental damage is a priority task for many managers and
decision makers. Good management decisions concerning resource
utilization necessitate accurate and current information on the
location, quantity, and condition of the resources-information
not available to many decision makers. The United States Landsat
series of satellites for the collection of natural resource data
can often provide information needed by decision makers and

natural resource scientists.

The Landsat data is available for essentially all
habitable land areas of the earth, collected very frequently,
readily available, easily utilized, and inexpensive. It has
been demonstrated to be applicable to many resource areas.
Landsat cannot be useful in all situations and has limitations
but individuals involved in the acquisition of resource informa-
tion should be aware of the existence and possible utilization
of this data source. In East Africa Landsat imagery, training,
and technical advice is available from the Regional Remote

Sensing Facility in Nairobi.
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A CASE STUDY OF THE APPLICATION OF
LANDSAT DATA FOR SOIL AND VEGETATION
ANALYSIS IN THE RIFT VALLEY WEST OF NAIROBI

By

Luka Atonya Isavwa
Regional Remote Sensing Facility Nairobi

INTRODUCTION

Background Information

(a) Study Area

The Study area is located in the Rift Valley west of
Nairobi mostly along Nairobi-Magadi road which starts near Bomas

of Kenya on Langata Road.

The Rift Valley has been faulted giving rise to steep
escarpments up to 1000 metres high. Due to the faulting
together with volcanic activities, many varied landforms have
been produced. These landforms have various soils including
shallow stony reddish soils with frequent surface stones, boulders
or rock outcrops. Also due to volcanic activity, ash derived
solls of little to moderate profile development have resulted on
moderately to gently sloping landforms. These soils mainly

support dwarf vegetation.

A number of closed lakes have evolved due to the volcanic
activity. Lake Magadi is a good example. It is suggested that
many of the lakes were extensive in the past and many of the
plains have brown calcareous clays or loam or black cracking
clay soils derived from lacustrine deposits (Scott, et al, 1971).
The differences in rainfall between Nairobi and Magadi is reflected
in the differences in vegetation. Nairobi has an annual rainfall
of 907mm (35.7 inches) wherexs Magadi has an average of 370mm
(14.6 inches). Nairobi has an elevation of 1661 metres above

sea level and Magadil is 604 metres above sea level.
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Due to a high evaporation loss, Lake Magadi is primarily
a thick crust of soda ash at the surface and a highly concentrated

solution of sodium sesquicarbonate (trona) below this.

(b) Remotely Sensed Data

Recent developments of high altitude photography and the
use of multispectral sensors to identify natural formations are
being introduced in the developing world. New mapping and moni-
toring infrastructure have hence to be created by developing
countries in 1line . .. with the introduction of this space tech-

nology in surveying.

Remotely sensed data can be used qualitatively by visual
interpretation or by computers to assist in surveys of soils
and vegetation cover. Thematic maps which are produced using
Multispectral Scanner (MSS) data in addition to aerial photo-
graphs can provide data on managing rangelands, estimating carry-
ing capacity of the land, developing environmental indicators

as well as evaluating environmental impacts.

Landsat imagery exist in black and white as well as colour
composites. In this study colour composites enlarged to a scale
of 1:250,000 have been used. The satellite image of Nairobi
region which also extends up to Lake Magadi provides a view of the
Rift Valley with its major faults and volcanic features as well

as indications of the diversified soils and vegetation cover.

METHODOLOGY

The main method used was the visual interpretation of
False (olour Composite (FCC) and other imageries. Colour and tone

were employed, supplemented with field checks.

The image interpretation is mainly qualitative which
is satisfactory provided field work is added. Consistent colour
and tone will give a precise indication that the soil (which is
a stable matter) is the same or it is the one which has given the

changes. Likewise vegetation or other cover will modify the
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the colour and tone of the soil. The combination of soil and
vegetation analysis appears to be linked due to the influences

that each feature renders to the other.

Classification of soil types has been attempted based
on land systems which were described by Scott et al (1971).
However, classification of land use from imagery will remain
a personal task for an indefinite period of time (Odenyo and
Pettry 1977).

Land resources express themselves on colour imagery in
different colours and tones indicating the amount of electro-
magnetic radiation (EMR) reflected from the earth surfacial
materials. This also depends on the spectral distribution and
intensity of incident energy, the angle of incidence of incoming
radiation, the orientation of the topography, the roughness of the
topography and the absorptive characteristics of the materials.
Understanding the reflection of the electromagnetic energy is
a prerequisite in classification of the natural resources.
Recognition of tonal and textural differences comes with experience
(Blair-Rains 1971).

RESULTS AND DISCUSSIONS

Results

The results of the classification of soils and
vegetation analysis are given in Table 1. Recognition has been
given to the landsystem described for Western Kenya (Scott et al,
1971). The land system approach has been used as a base for

classifying the soils and vegetation in addition to image colour.

The present sensor's resolution i1s adequate only for
identification of broad categories of soil and vegetation types.
Table 2 is an attempt to use reflectance to classify the soils
and vegetation. What is shown in the table is the colour of the
images identified followed in the second column by suggested

objects that give these colours and the third column suggests the
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reflections that are involved. It is suggested that different

image dates would give a more complete understanding.

The use of aerial photographs or other forms of remote
sensing techniques does not relieve the investigator of the need
for fieldwork. The fieldwork revealed a lot of variations which

made the present classification possible.

Discussions and Applications

Volcanic Hills

Most of the hills in this area are volcanic in nature
and include Q1 Esayeti, Ol Esakut, an old volcanic complex, as

well as Olorgesaillie.

The hills are complex enough as to have many valleys,
infilled basins and valley floors. All these different

variations give different colours and tones on the Landsat imagery.

The soils on the ridges are shallow reddish brown
clay loams which are generally less than 30 cm deep and overlie
lava rock. The valley floors have dark reddish brown friable
loams to clay loams up to 5m deep. Surface stones are frequent
so that from a distance the tops of the hills appear dark grey.
Most of the hills described are in the Esakut land system re-

flecting a lot of variations.

The ridges and valleys support different vegetation types.
Mostly they have little herbaceous cover and the rest of the
area is nearly covered by rock. Those hills on the eastern side
after Olorgesaillie have more herbaceous growth than those west

of the Olorgesaillie hills. Acacia tortilis is found in the valley

floors while Sporobolus spp is found on the slopes of these hills.

Sansevieria spp 1s also present amongst the stones. Image colour

is a mixture of red for trees, yellowish blue for grass which

is dry and whitish patches for exposed soil and rock and plains.
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Fault Scarps

The numerous fault scarps are represented by north-
south black signatures on the imagery. This is due to the fact
that during the time the sensor was over the area,the western side

of the scarp was in shadow while the eastern side was illuminated.

The surfaces of the fault scarps are covered by large

numerous stones of volcanic origin. The soil 1s generally
shallow mixed with sand and gravel. The colour is generally
brown supporting stunted vegetation. The common species are

those of the Acacia genus such as Acacia mellifera and A.

brevispica which, together with Boscia angustifolia, make up

the large percentage of the tree and shrub cover. The grasses
are mainly drought resistant such as Sporobolus spp as well as

needle grass (Aristida kenuiensis) with very thin leaves to

minimize evapotranspiration. The illuminated sides of the

fault scarp show a mixture of red, blue and yellow tones.

Foot Slopes

These slopes are characterised by very shallow stony
reddish brown loams or sandy loam, with frequent surface stones
and lava outcrop, whose depth is variable up to 50 cm. In some
places the dark reddish brown fine sandy loams are found with
a depth of about 75cm.

The dominant trees are Acacia xanthophloea and

A. tortilis. Shorter trees and shrubs such as A. mellifera,

Boscia sp. Grewia bicolor and G. villosa are also present.

Herbaceous cover is sparse. Sporobolus spp and Aristida kenuiensis

are found. The image colour is complex including red, blue,
yellow and black tones.

Plains

The plains in this area are suggested to be old lake
beds the evidence of which are calcareous soils as well as

diatomaceous earths. Oltepesi trading area is situated on one



such lake. The other one is Lake Olorgesaillie on the shores of
which was the famous settlement of early man discovered and
described by Dr. Leakey. The Losinyai plain is extensive east

of River Ewaso Ngiro while Ewaso Ngiro is on the west of the river.

The Esonorca, Ongata ol Kulul and Oltepesi appear pale
bluish with red tints. During the dry season the colour changes
to bluish yellow. This 1s due to the strong weak reflection of

infra red (I-R) wavelength.

Olorgesaillie prehistoric site area shows white due to
the fact that there is strong radiation from all the bands. The
same happens to Losinyai and 0l Kematian plains. When the soil
is dry 1t can assist in the reflection of all the wavelengths

since the herbaceous layer is sparse.

Lake Magadi

Lake Magadi appears to be at such a low point that
groundwater table reaches the surface. The groundwater 1s so
highly charged with sodium sesquicarbonate that in the hot dry
atmosphere of Magadi the lake water evaporates leaving a thick
crust of soda ash at the surface and a highly concentrated

solution of sodium sesquicarbonate (trona) below this.
The image colour for the lake is white due to the strong

reflection in all wavelengths. There are socme patches which

are black due to change in water content.

CONCLUSION

A False Color Composite displays many different colours
and tones which can be used for the analysis of soils and
vegetation cover. On the basis of 10 different colours and tones
a description of soil types and vegetation can be done since

there is a strong relationship between them.
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It can be concluded that deep red indicate green living
forests while pink represents grass usually short and some
scattered shrubs. White is the color of those features and objects
which reflect strongly in all bands. Other colour combinations
are due to the heterogeneity of the landscape and materials which

are present.

Thematic maps for inventory and development can be drawn
from Landsat data. It is recommended that more multidata analysis

be undertaken to add to the foregoing description.
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Table 1, Results

Land Soil type Vegetation cover Image colour

System

Karen Dark reddish Highland forest Found on Dark red to
brown fri- edge of Nairobi National red
able clays Park and extending towards
to clay loam Karen and Ngong

Trees: Croton megalocarpus
Eucalyptus spp, Grevillea
spp. Acacia drepanolobium
Shrubs: Rhus natalensis,
Euclea spp, Solanum incanum
Grass: Themeda triandra,
Pennisetum mezianum

Forbs Leonotis, Vernonia
spps; Aspilia mossambicensis

Embakasi Dark grey Open grassland Area has Pink
black crack- grasslands with scattered
ing clays Acacia drepanolobium.

(Black " Balanites aegyptiaca and
cotton soils) Croton spp. The common
grasses are Themeda,
triandra Pennisetum mezianum,
Setaria phleoides, Ischaemum
sp. and Hyparrhenia spp.
Shallow, Riverine forest mainly Acacia @ Dark red
yellowish xanthophloea lining river
red channels. Others Acacia
friable tortilis, Croton sp.

Ngong Dark brown Highland forest red to
sandy clay Main trees are as described pink
loam over for Karen. Grassland also
yellow red to occurs on the mountain.
reddish brown
sandy clay
loams.

Hanning- Dark reddish Bushland:

ton brown sandy Mainly bushy shrubs of the Red/black/
clay loam. Acacia genus on shallow soils blue/Yellow

Trees and shrubs: Acacia mottles

tortilis, A. Dbrevispica, A.
mellifera, A. gerradii
Grass: Pennisetum mezianum,
Cynodon plectoctachyum
Forbs: Sansevieria, Leonotis

SDPp.. .




Greyish
yellowish
brown clay
loam
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Bushed grassland:
Mainly Acacia nubica which
is leafless. Other trees
include Boscia angustifolia

Greyish-Yellow

Grass: Sporobolus spp
covers less than 1%. Bare
ground covers about 80%.

Yellowish
greyish soils

Bushed grassland.

The vegetation surrounds the Greyish-Yellow
Lake (L. Magadi). Common

speclies are those of the

Acacia genus.

Grass: Mostly absent.
Bareground: covers more than
90%.

Black cotton
soils

Bushed grassland Blackish blue
The most dominant bush
is Acacia drepanolobium
(whistling thorn) common
on black cotton soils.
other bushes are Rhus
natalensis, Solanum incanum
Maytennus spp.

Grass: Themeda triandra,
Setaria phleoides, Sporobulus
Spp. Pennisetum mezilanum
Forbs: Aspilia mossambicensis
Heliotropium spp.

The

Reddish dark
brown clay
loam with
surface
stones.

Red/Blue/Black
yellow mottles

Bushed grassland.

Trees: Acacia tortilis,
Acacia gerardii Tarconathus
camphoratus (Leleshwa),
Albizzia spp. Combretum spp.
Cover about 1%

Shrubs: Grewia sp. Acacia
drepanolobium A. mellifera,
Solanum incanum cover about 1
Grass: Themeda triandra,
Hyparrhenia spp., Sporobolus
spp. , Aristida keniensis covers
about 20%.

Forbs: Leonotis, Bare ground
and rock 70%.

o

Yellowish
brown clay
loams covered
by stones

and gravel.

Bushed (grassland). White
The vegetation is made up of

Acacia mellifera, A. tortilis,

A. nilotica, Bose¢ia angustifolia.
Grass: Almost none

Bareground: covered by rock

mainly of volcanic origin and
brownish in colour.
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Land Soil type Vegetation cover Image colour
System
Yellowish Bushland: Pale bluish
brown clay Trees: Acacia green
loams tortilis™A. mellifera
however they cover Iless
than 5%.
Grass: Some grass inc.
Sporobolus sp. In some

cases dry.

The ground is covered by
stones of volcanic origin

Losinyai Dark yellow- Forest Deep red to
ish grey to This 1s Sfound at base of red
dark brown the Nguruman escarpment.
silty loam.

Trees: Acacia tortilis,

Ficus sycomoris, Boscia

angustifolia, Tamarindus
indica.

Shrubs: Profusion of
forest undergrowth but.
the most prominent are the
following: Acacia
nilotica, A. seyal, Cordia
Spp. Solanum incanum,
Harrisonia sp. Hibiscus
flavifolius.

Grass: Pennisetum
clandestinum, Giant
Sporobolus, Eragrostis,
tenuifolia, Hyparrhenia
spp-, Themeda triandra.

Forbs: Aspilia
mossambicensis,
Sansivieria Vernonia sp.,
Glycine sp. Settlements
and food crops found

also.
Dark red- Open grassland Pale bluish
dish brown Trees: cover less than with red
to greyish 3% made up of Acacia tints.
yellowish tortilis Boscia
brown clay angustifolia Balanites
loams. aegyptiaca

Shrubs: A. mellifera,
Aerva spp., Sericocomo-
psis hilderbrantiil

Grass: Pennisetun mezia-
num, Aristida keniensis,
Seteria phleoides,
Ischaemum afrum.

Most of the grass is dry.
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Land Soil Type Vegetation cover Image Colour

System
Diatomite Open grassland White
yellowish Plant species as the
brown clay foregoing Fossil
loam. (Dia- landscape with the
tomaceous above named plants.
earths) Others are Pennisetum

coloratum. Shrublike
Grewia 1s found.

Losinyai Light greyish Open (grassland) White
yellowish clay Very little cover with
loam. scattered tree and

shrub cover. Surface

is full of volcanic

rocks.

Trees theat are present

are very sparse. Acacia
tortilis is common.

Grasses such as Pennisetum
mezianum and Sporobolus

spp are found but widely
separated on the ground.

Esakut Shallow Shrubland or Bushed Red/blue/
reddish grassland. black and
brown clay Mainly on hilly terrain yellow tones
loam and the vegetation is a

misture.

Trees: Acacia xanthoph-
loea, A. tortilis,

Shrubs: A. mellifera, A.
nilotica, Tarchonanthus
camphoratus.

Grass: Pennisetum mezia-
num, Cenchrus ciliaris,

Black cotton
soil

Open Grassland Yellowish
Plains area surrounded by green -or
volcanic hills. Most of greenish
the soil is transported yellow

to this area.

Trees: Acacia xanthophloea
A. tortilis.

Grass: Pennisetum mezia-

num, Ischaemum afrum.
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Reflectance

Image colour

Deep red

Deep red - red

Pink

Greenish-Yellow
Greyish-green

Pale blue

Pale bluish
green

Pale bluish
with red tints.

White

Red/Blue/Black/
Yellow

Black

Object

Indigenous close forest

usually on hills.

Dense vegetation and
broad leaf trees.

Sparse grass,
swamps.

tea,

Bare red soil.

Dry grass and trees.

Buildings and.some
lake surfaces.

Dry grass leaf,
vegetation

sparse

Dry grass, some trees

on plain

Exposed carbonate on
surface of lake.
Exposed carbonacious
soil light toned rock.

Mixed

Shaddows on ridges.
clear water bodies.

Observation

Very strong I-R and
fairly strong green
reflectance but poor

reflectance of red
wavelength which 1is
absorbed in photosyn-
thesis.

I-R reflectance
strong.

I-R reflectance less
strong than reflectance
in visible light bands
of spectrum.

Strong reflectance in
all bands.

Reflection mixed.

Less or no reflection.

Dry grass and leafless
greyish green and this
light.

Also when light passes

and bushes like Acacia

trees may appear pale bluish green or

is due to increased reflectance of red

through the leafless canopy of trees

nubica to the ground it is absorbed and

reflected differently.



~ 173 -

REFERENCES

Blair-Rains, A. (1971). The Evaluation of African Rangeland
using Aerial Photographs, Land Resources Division,
Directorate of Overseas Surveys, Surbiton England.

Pratt, D.G., Greenway, P.J. and Gwynne, M.D., (1966). A
Classification of East African Rangelands with Appendix
on terminology. J. appl. Ecology 3: 369 - 382.

Norton-Griffiths, M. 1981. Grass fires in Serengeti National
Park, Tanzania. Remote Sensing Facility, Nairobi.

Odenyo, V.A.O0. and Pettry, D.E. (1977). Land Use mapping by
Machine Processing of Landsat-1 Data. Photogrammetric
Engineering and Remote Sensing 43, 515-523.

Orr, D.G. (Undated). Image forming process. Lecture notes,
Eros Data Centre Sioux Falls, South Dakata.

Taranik, J.V. and Trantwein, C.M. (1976) Integration of
Geological Remote Sensing techniques in subsurface
analysis. U.S. Geological Survey open file Report
No. 76 - 402 Sioux Falls, South Dakota.

Taranik, J.V. (1978). Characteristics of the Landsat multi-
spectral data system. U.S. Geological Survey,
Report No. 78 - 187 Sioux Falls, South Dakota.

Williams, D.L. and Stanffer, M.L. (1979). What can the Forestry
community expect from Landsat-D Thematic Mapper Data.
In the Proceedings of the Symposium on 'Remote Sensing
of Natural Resources'. University of Idaho, Moscow,
Idaho, Sept. 10-14, 1979.

Scott, R.N.; Webster, R., and Lawrence, C.J., (1971). A Land
system Atlas of Western Kenya.

Falconer, A. and Isavwa, L.A. Nairobi - Magadi Field trip
Kenya Museum Society Sunday 19th July, 1981. Unpublished,
Remote Sensing Facility, Nairobi.



- 174 -

"SOIL AND WATER CONSERVATION EXTENSION:
THE KENYA EXPERIENCE

By

S.N.J Njoroge
Soil Conservation Extension Unit, Ministry of
Agriculture, Nairobi.

A, PREAMBLE

Resource conservation is an important aspect of
nationhood. This aspect was realised in Kenya and the
Kenyan Government charged the Ministry of Agriculture
through 1ts Land Resources Development Division with the
task of carrying out the functions ef Soii and Water
Conservation in the country. In the Land Resources
Development Division there is the Soil and Water
Conservation Branch whose entire staff are involved in
National Soil and Water Conservation activities. Also
in the same division, there is an Agricultural Mechani-
zation Branch which oversees the activities of mechanized
aspect of soil and water conservation through its machinery
services section. The two branches in the division aim at
serving the farmer to achieve his objective of conserving

both the soil and water on his farm.

B. POLICY.

Soil Conservation is carried out through two
methods namely:

a) Labour Intensive Approach

b) Mechanized method.

The labour intensive approach involves carrying
out soil conservation on steep slopes where mechanization
would not be possible due to the steepness of the land.
Here, human labour is utilized completely hence the name

Labour Intensive Approach.

On land where the slope allows the use of machinery
and the farmers can afford to pay the Government subsidized
rates, then heavy machines are used to carry out soil and

water conservation activities. These activities involve
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terracing, levelling, water hole and dam construction, and
drainage works. The essential services in soil and water
conservation are subsidized while the non-essential services
are not subsidized. These aspects of essential and non-

essential services will be discussed later in the paper.

C. LABOUR INTENSIVE APPROACH IN SOIL AND WATER CONSERVATION

1. The Policy

The policy of the labour intensive approach to soil
and water conservation is to tackle the problems of soil and
water conservation especially in steep land where mechanization
is not possible. The human labour is employed to lay and
construct cut-off drains i.e. diversion ditches that prevent
water from an upper catchment from destroying farm land in the
lower slope. The Government pays for both layout and
construction of the cut-off drains which protect more than
one farm per cut-off drain from water caused erosion. Also
artificial waterways are laid and constructed at Government
subsidy as in the case of cut-off drains. The artificial
waterways are constructed where the cut-off drains cannot

empty into a natural waterway, grassland, or stony drain.

Laying of terraces, grass strips and trash lines
is also a subsidized aspect. The farmers are expected to
construct the terraces once the agricultural staff have
laid out the terraces. Similarly as in the case of
terraces, the farmers are expected to plant grass strips
and lay trash lines as pegged out by the agricultural
extension staff. No Government subsidy is involved in
terrace construction.planting and laying out of grass

stripsand trash lines respectively.

2. High Medium Potential Areas

In most high potential areas, the main problem
is the highepopulation pressure resulting into fragrmentation
of farm holdings and spilling over of the excess population

into the medium or marginal lands for cultivation. This
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pressure results in misuse of available land in both the
high and medium potential areas. In the high potential
areas, the farmers have cultivated their farms in areas

even where slopes exceed 80%. According to the Agricultural
Act Cap. 318, no cultivation of land is permissable on
slopes exceeding 35%. But these farmers cultivating

slopes exceeding 80% have no other pieces of land to
cultivate. What should the agricultural extension staff

do to such farmers? Should such farmers be stopped from
cultivating their only piece of land? Or should the staff
devise soil conservation measures that can allow the farmer
to cultivate his piece of land without causing soil erosion?
These are some of the dilemmas the extension staff face
during their daily work in the high potential areas with
high population like Kisii or Central Province. In some

of these high potential areas, some farmers are practising
strip cropping on slopes up to 80%. They start with a
woodlot at the top of the hill followed by the homestead

and a pasture. Below the pasture is the food crop plot
with a strip of bananas and/or sugarcane and another woodlot
followed by valley bottom cultivation with sugar canes,
vegetables, arrowroots, etc. In such situations, erosion

is not serious. But, where strip cropping is not practised,
then the acute problem of soil erosion is serious and demands

full attention.

The medium or marginal area 1into which the excess
population spills from the high potential area has the
problem of land abuse through inappropriate cultivation
and indiscriminate grazing. The problem here is the paradox
of too little water and too much water at different times of
the year. When rains come, these areas have more water than
they need and the problem is water conservation. These rains
come with heavy downpour when the land is bare due to either
land preparation or overgrazing. Ministry of Agriculture
staff are involved in advising the farmers to carry out
contour ploughing and terrace construction to facilitate
water retention on the ground and to allow infiltration

of water into the ground as much as possible. This will
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increase the water available to the crop. On grazing land,
the ideal situation of proper stocking rate is still a
major problem as most farmers still want to have a big
number of livestock on their farms. This has, and 1is,
still causing the biggest problem of soil erosion in

marginal areas of our country.

Water harvesting is another large part of water
conservation in marginal lands for both cultivation and
tree plarting. More of this aspect will be covered by
one of my colleagues in the Ministry currently working

in Baringo Semi-Arid Areas Pilot Project.

3. Components Involved in the Labour Intensive Approach to
Soil and Water Conservation

There are four major components involved in the
labour intensive approach to soil and water conservation.
These are training, routine soil conservation, gully
control and rehabilitation of eroded land and agroforestry

nursery development.

These are discussed below.

3.1 . Training

The Soll and Water Conservation Branch carries
out training of the extension staff of the Ministry of
Agriculture and other departments within the Government
who are involved in soil conservation extension apart
from the Ministry itself. The training is carried out

as follows:

a) Senior officers

These are Agricultural Officers and Assistant
Agricultural Officers. A one week seminar is held at
Kenya Institute of Administration (KIA) Kahete for the
senior officers with one day's excursion usually to

Machakos District. The Seminar involves coverage of
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both the theory of soil conservation and practical training

in handling of instruments used in soil and water conservation.
These instruments include line level, clinometer, quick set
level and pocket stereoscope. The participants use the
instruments during the practical training and similar
instruments are provided to the field officers for their

use in soil conservation.

b) Technical Assistants

The Technical Assistants are the graduates of the
Agricultural Institutes who obtain a Certificate in Agriculture
after two years training. These officers are trained for two
and a half weeks in the theory of soil conservation together
with practical training in use of line level, quick set,
clinometer and pocket stereoscope in carrying out soil
conservation works like terracing, cut-off drain laying and
also laying of grass strips and trash lines. Also during
the same period, an excursion within the district of training
is taken to let the participants see for themselves the
practical aspects of soil conservation successes and failures
in the field.

c¢) Provincial Administration Staff

The Provincial Administration staff involved in
the training are the District Officers, Chiefs and Assistant
Chiefs. These cadres of staff are trained at different
times and their training involves the policy issues and their
role in soil conservation activities in the field. The
duration of training is 3-days with one full day devoted to an
excursion in the field to discuss the successes and failures
of so0il conservation due to various reasons During the
training period, the Provincial Administration staff are
instructed about their role in causing either the failure or
success of soil and water conservation in their respective

positions in the civil service.
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d) Local Leaders

This category covers teachers, church elders,
councillors and KANU officials. These people have a
seminar for two days with one day devoted to a field
excursion. One day, similarly to the Provincial Admini-
stration course, is devoted to policy issues and their
respective role in enhancing soil conservation activities
in their local areas. The excursion may be done within

their district or outside their district.

e) Farmers

The farmers, though 1listed last, are the most
important element in the training programme. In the field,
several field days are held at the local level when the

farmers are invited to discuss soil conservation aspects.

In our Farmer Training Centres (FTCs), farmers are
taught aspects of soil conservation irrespective of the course
attended. Two slide collections are available to show the
farmers aspects of good and bad farm management resulting in

good and bad land use respectively.

Apart from these types of training which are part
of soil conservation extension, the Ministry of Agriculture
also sponsors students to the University of Nairobi for
post graduate training in soil conservation and Egerton
College for soil and water engineering. The Institutes of
Agriculture namely Bukura, Embu, and Eldoret are producing
graduates with soil and water conservation background who
are absorbed into the Ministry of Agriculture extension

service.

3.2 Routine Soil Conservation

Routine soil conservation involves laying out of
terraces, grass strips, trash lines and construction of

both the cut-off drains and artificial waterways. As
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outlined in the policy point above, the Government only
subsidizes laying out of terraces, grass strips and trash
lines but does not pay for their construction, planting, or
maintenance. The laying and construction of cut-off drains
and artificial waterways are paid for by the Government. The
farmers are expected to carry out conservation measures in
the plots below the cut-off drains by constructing terraces
and/or grass strips and trash lines. The Agricultural staff
have at present little problem in carrying out routine soil
conservation measures in the field. The only problem noticed
in the field is improper design of artificial waterways,
especially on very steep slopes where these waterways

sometimes result in gullies.

3.3 Gully control and Rehabilitation of Eroded/Overgrazed land

Gully control is one of the areas where little practical
experience is available in African conditions. In Kenya,
little information is available on methods successfully applied
in gully control. With this problem of lack of successful
techniques, the Ministry of Agriculture, through the Soil and
Water Conservation Branch started gully control measures at a
cautious speed. The aim was to give the extension staff. (a)
a training ground and (b) an experimental position in which
various methods of gully control have been tried and have
shown their failures and successes. Gully control has been
done using vegetative strips (grass, sisal, euphorbia, etc.),
wooden check dams,loose rock check dams, gabion check dams
and a combination of two or all of the three types of check
dams. In cases where the design has been done correctly
and maintenance has followed, especially after heavy rains
before the gully has stabilized, successful results have
been obtained. However, this excercise has not been without
failure, especially where wrong designs of check dams, incomplete
work, and poor maintenance after heavy rains have been
persistent. But all in all, some experience has been gained
by the extension staff who are at present controlling especially

small size gullies with little problems.
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Rehabilitation of eroded/overgrazed land is done as
a demonstration to the farmers to show them that with proper
land management, overgrazing can be stopped and more can be
obtained from the same piece of land even with the animals
present but at a controlled stocking rate. The demonstrations

have been done in two ways.

a) Closing an area from grazing and allowing the
natural vegetation to regenerate without any

assistance.

b) Closing an area from grazing, reseeding it with
grasses and planting of trees and sometimes
ploughing at 1-3 m. iIntervals to allow water

to infiltrate quickly into the soil.

Results have shown that an area under treatment

(a) takes a longer period than treatment (b) before
it can be economically utilized by the farmers.
These demonstrations have given good results and
farmers are taking these demonstrations into

practise in their farms.

3.4 Agro-Forestry: Nursery Development

Agro-forestry has been incorporated into soil
conservation. In the Ministry extension service there are
53 nurseries operated by the Ministry to give the farmers
both fruit tree and forest tree seedlings. The fruit
seedlings are sold to the farmer at a price of k.shs. 5

while forest seedlings are given free to the farmers.

Fruit tree seedlings are mostly the citrus spp.,
avocado and bananas (though not a tree). Forest tree

seedlings are mostly Grevillea robusta, Cuppressus

lusitanica, Pinus spp, Cassia siamea_Acacia spp especially

Acacia albida, Leucaena spp., Prosopis juliflora and many

local trees which are suitable to various local situations.
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Nursery development has some problems, namely:-

(a) Water for seedlings. Sometimes, despite the nearness
to a water source, nurseries cannot get water due to

lack of pumping facilities.

(b) Seeds: The availability of some seeds is poor, especially
of forest tree seeds. The shortages have resulted in

importation of seed which sometimes, lack viability.

The two problems are being looked into seriously and
currently the Ministry is seeking ways and means of having
pumping facilities where needed. On seed viabilility, more
stress is now being emphasized on collection of local seeds
which have known viability and are less expensive to collect

and raise than the imported seeds.

D, MECHANIZED SOIL AND WATER CONSERVATION ACTIVITIES

Mechanized Soil Conservation activities are carried
out on slopes where the heavy machinery can work with the
limitations being the slope of the land and funds a farmer
has for the work. The soil conservation work is classified

into two main categories:

a) Essential soil conservation work.

b) Non-essential soil conservation work.

The essential soil and water conservation work involves

the following:

i) Terracing work of all types.
ii) Farm planning, layout, and subsequent construction.
iii) Drainage work including any reclamation
iv) Water conservation which includes dams and water
hole construction.
v) Fire break survey, layout and construction.
vi) All works for land utilization which are conserva-

tional in nature.
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The non-essential activities are:
i) Bush clearing
ii) Destumping including ripping
iii) Land levelling.
iv) Trees and ant-hills bull dozing.

v) Road surveys, layout, and construction.

All essential services carry a Government subsidy

while non-essential services do not.

The mechanized soil and water conservation services
are supervised by the Agricultural Mechanization Branch within
the Land Resources Development Division. At present there are
16 Agricultural Mechanization stations spread out in the
country which assist in carrying out mechnized activities
of so0ll and water conservation., The stations are namely
Nakuru, Eldoret, Kitale, Kipkelion, Ruiru, Mariakani, (old
stations) Machanga,Ciakariga, Marigat, Narok, Migori, Bumala,

Garsen, and Garissa (new stations).

E. COOPERATION WITH OTHER GOVERNMENT DEPARTMENTS

The Ministry of Agriculture is cooperating with other
Government Departments in carrying out soil and water conserva-
tion: the Ministry of Livestock Development, especially in
rangeland; the Department of Prisons in raising both the
fruit and forest tree seedlings for the farmers in their
respective prisons in the country; the Department of
Forestry in seed procurement and technical assistance during th
training of our nursery assistants; and the Ministry of Energy
in woodlot development centres where the Ministry of Agricul-
ture will give all the assistance needed to get the project
off the ground.

The Permanent Presidential Commission on Soil
Conservation and Afforestation has of late become another
Government organ to cooperate in solving the problems of

solil erosion.
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Last but not least, the Ministry of Culture and
Social Services and the Provincial Administration have given
the Ministry of Agriculture all the support it needs in
carrying out soil and water conservation activities in the
field and through the Ministry of Information and Broadcasting
getting many messages through the radio and T.V. on the needs
and measures required to achieve the desired goals in soil

and water conservation.

However, we have had problems with the Ministry of
Transport and Communication, especially where new roads are
constructed. At present, no soil conservation measures are
taken to ensure that water from both the road and road reserves
does not cause any erosion on the farm land. Water is usually
diverted through culverts into farmland and no precautions are
taken to ensure that the water is safely taken down the slope
to the natural waterways without causing any adverse effects

on the farmland.

F. CONCLUSION

Resource conservation, especially of soil and water,
is of paramount importance to any nation. This calls for a
concerted effort by all to see that our dear mother soil
does not get into the rivers and end up in oceans and lakes
to be used no more by our future generations in Kenya. The
Government through the Ministry of Agriculture has emphasized
the need of this resource conservation and the Ministry of
Agriculture extension service is out to achieve this. It
is hoped that the University of Nairobi and other institutions
of learning will keep the extension service informed of their
findings in soil and water conservation for dissemination to

the field for the farmers' benefit.



- 185 -

THE ROLE OF THE PERMANENT PRESIDENTIAL
COMMISSION ON SOIL CONSERVATION AND
AFFORESTATION IN PROMOTING SOIL
AND WATER CONSERVATION

By

George K. Mburathi,

I INTRODUCTION

There could not be a better time for a seminar like
this to take place in Kenya. Soil erosion everywhere in
Kenya has reached a critical and worrying proportion.

Hunger for water, particularly in Arid and Semi-Arid areas

in Kenya has also reached a worrying situation.

The agents for soill erosion are obvious to all the
participants in a workshop like this. They include, inter-
alia, overgrazing, deforestation, indiscriminate destruction
of catchment areas, etc. However, they all point to land use
practices being incompatible with proper conservation

measures or practices.

The situation in Kenya, as all of us know, has been
exacerbated by:

1) Population pressure,

2) Scarcity of good fertile farming land,

3) Socio-political and socio-—-economic problems
in certain areas of Kenya resulting in immobility
of population.

4) At times non-systematic and irrational land use

practices.

1T GOVERNMENT AND NON-GOVERNMENTAL EFFECTS TO CONQUER SOIL
EROSION

The problems of soil erosion and any related solutions
are very much multifaceted and multidisciplinary. In addition
there are strong linkages between soil and water conservation
and land use management practices. Hence a large number of
Ministries and Institutions and Non-Governmental Organisa-

tions have been involved in activities related to the overall
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conservation of soil and water. They include, inter-alia:

1) The Ministry of Agriculture which is charged

with land use and development.

2) The Ministry of Livestock Development which is

responsible for range management and development.

3) Ministry of Water Development which is charged
with the responsibility of promoting water catch-

ment and water quality control,.

4) The Ministry of Environment and Natural Resources

which oversees forest and forest development.

5) The Provincial Administration which is involved

in enforcing certain Acts.

6) The Ministry of Energy which is involved in

promoting wood fuel conservation.

7) The Ministry of Transport and Communications

whose responsibilities is to construct roads.

8) University of Nairobi which is engaged in research
related to soil and water conservation and forestry
and other training institutions like Egerton

College.

9) Ministry of Tourism and Wildlife which controls

Wildlife population.

ITI THE CHALLENGE

Despite all of these efforts, the problem does not
seem to be getting less. Instead it has been getting worse and
worse. It is therefore imperative that a workshop like this

should pay more attention to why this has been the case.
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Many of the participants have done a lot of research
ot 801l and water conservation. ALY least, one could say that
most of the methods of controlling erosion have been well
documented, and indeed, tested and found to be practical.

The biggest challenge to all of us now, in my view, is
'How do we make these methods work in Kenya's situation'.

Iv CONSTRAINTS IN THE PAST NATIONAL EFFORTS

It is difficult to pinpoint specific shortcomings
comprehensively because of the complexity of the problem.

However, the following few could give indicative pointers.

A) Inadequate coordination in planning and
implementation.

B) Organization duplication and gaps in responsibilities.

C) Insufficient manpower output and unproductive
manpower development.

D) Lack of national coordinated and farm level
oriented research programmes.

E) Financial constraints.

F) 1Inadequacies in relevant legislation and enforcement.

It is my conviction that we have resources, we
have the manpower, and we have the capacity to tackle most
of the soil erosion related problems. What we are probably
missing is a proper organizational setup, efficiency, will,
and commitment to tackle the problem from all angles. We
need to generate all these factors through creation of
awareness of the problem right across all sections of our
community in Kenyan. We need to impress in everybody's
mind, children and adults, that every single soul in the
population has a part to play in nclving this problem. It
1s not the concern of the Government alone. Everybody must
Join hands if we are to avoid the disaster our future
generation may exvesrience if the soil is carried away and
the forests are depleted. It is against all this background
that H.E. the President established the Permanent Presidential
Commission on Soil Conservation and Afforestation, and it is
now opportune that I briefly mention the terms of reference

and functions of the Commission.
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\ PERMANENT PRESIDENTIAL COMMISSION ON SOIL CONSERVATION AND

ATFORESTATION

A. BROAD TERMS OF REFERENCE

1)

2)

3)

4)

5)

To review the present legislation on Soil Conservation,
Afforestation and Flood Control, and to advise on its

adequacy and effectiveness.

To advise in consultation with other relevant agencies
on areas that should be declared 'Protected Catchment
Areas' and to recommend on the measures to be taken to

regulate the management of such protected areas.

To advise on the measures to be taken to protect water

courses with a view to preventing river silting.

To submit specific recommendations at every stage after

deliberating on specific items.

To continually evaluate the performance of the Government
agencies charged with the responsibility of implementing
soll conservation, afforestation, and flood control prog-
rammes and advise on the adequacy or otherwise of Govern-
ment machinery for planning and implementation of programmes

in the area.

B. FUNCTIONS OF THE COMMISSION

The Commission has the following functions:

i)

2)

3)

To co-ordinate and monitor government planning efforts and
projects in soil and water conservation and afforestation
and to initiate the promulgation of national land use policy
as a cardinal prerequisite in the implementation of such

projects.

To review, evaluate, and identify gaps in performance of
Government Ministries and to encourage private and voluntary
efforts in carrying out conservation and afforestation

programmes and projects.

To promote effective liaison between government bodies
and the private sector and to encourage private and volun-
tary efforts in carrying out conservation and afforestation

programmes and projects.
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5)

6)

7)

8)

9)

10)

1)
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To establish criteria for the design and implemen-
tation of conservation and afforestation programmes

and projects.

To co-ordinate donor efforts to provide financial
and technical assistance to the nation's conser-
vation and afforestation efforts, particularly
those which the Commission identifies as high

priority.

To review existing conservation and flood control
legislation, identifying gaps, overlaps, enforce-
ment and other problems, and to initiate new

legislation or amendments as appropriate.

To identify farming, livestock, and other commercial
activities that are incompatible with sound conser-

vation practices and initiate corrective measures.

To initiate and to review such scientific and
social research and studies as are necessary for
the efficient promotion of the conservation of the
nation's natural resource base and setting up

research priorities.

To prepare and disseminate scientific and
popular publications and to promote educational
efforts that reach all levels of the population
and all regions of the country particularly-as
regards their environment and soil conservation

and afforestation needs.

To coordinate government efforts as well as volun-
tary efforts in liason with the District Develop-
ment Committees to ensure that they give proper
attention to conservation and afforestation

problems and activities.

To ensure that all dams are designed, constructed,
and operated in conformity with sound conservation

practices.
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12) To view the various settlement and irrigation
programmes and projects to ensure that land use
designs and practices follow sound conservation

principles.

13) To promote protection of forests, particularly
in important water catchment areas, and to effect

forest fire control activities.

14) To promote the rehabilitation of all degraded
forests and eroded lands, including the resto-
ration of land ruined by mining, siltation, and

flooding.

VI CONCLUSION

While the Commission will be executing its functions,
it will be adopting or adjusting to any new ideas and approaches
to the problem of soil erosion and deforestation. Therefore
any ideas that may emanate from this seminar and similar
gatherings in future are welcomed by the Commission and guaran-

teed of consequent evaluation and possible adoption.

In this connection it is the Commission's long term
commitment to ensure effective soil conservation measures based

ons:

A) The best and most up-to date technical
information (small secretariat of well
qualified personnel to evaluate and

monitor) ;

B)- - Co-ordination point feor research and
development projects in the area of
501l conservation (I.e. Identification
of gaps, mobilization of necessary
organizations and funding) to be used
by the Commission in designing national

priorities for soil loss control;
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General population mobilization for
effective so0il conservation methods
at the individual farm level.

This will involve high-level govern-
ment coordination, companies and non-

governmental organizations.
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STRATEG ITES' AND CONSTRAINTS IN PLANNING OF SOIL AND
WATER MANAGEMENT PROGRAMMES ON THE CATCHMENT BASIS
IN WESTERN KENYA

By

P.A.M. Misiko
Department of Agricultural Engineering
Egerton College

Introduction:

With increasing population, more and more land is being
opened up for crops and animal production, the problem of
floods has become increasingly serious and that of control
complex. The range of disasters is wide; from the vast and
recurring catastrophic flooding like those of Ahero to the

occasional floods of Nairobi city.

Although the campaign against environmental deteroriation,
and in particular against soil erosion as potentially the most
serious threat to agricultural development is an old story;
there is a new concern - the concern of survival. Every man and
woman has heagped the effects of soil erosion preached and yet
tonnes and tonnes of top soil continues to disappear into the

Oceans and lakes year after year.

In Kenya, inspite of the bitter experience in soil depletion
and inspite of advances in technology, the record of progress in
effective soil and water management is still generally poor in
relation to the needs of many diverse areas. The background of
soil and water management is one of long neglect coupled with
a general assumption of unlimited land resources. The depressing
peint is that despite the fact that there is a long record of
waste and depletion of watershed resources, land cover, soil and
moisture, awareness of the problems, and of the dangers and the
necessity for soil and water conservation, has only grown slowly an
no real practical advances have been made in control of erosion.
Does this mean that those who are in a position to control erosion

do not have means and techniques to do so? A recent survey of



- 195 -

Western Kenya has revealed that means and techniques are
available but are not used for many reasons - mainly economic
but also including inappropriate technologies which cannot

be applied where their need is greatest.

Owing to the fact that agriculture is the mainstay
of the economy of Kenya, it is the government's policy to
encourage farming with the hope that this will lead to
increased income, foreign exchange earnings, employment
opportunities and improvements in standard of living
especially in the rural sector. But it is through farming
that much of the soil loss is being encouraged. There is
therefore a fundamental dilemma, a solution to which must be
found if there is to be any lasting advance in agricultural

development in Kenya.

Table 1 Accomplished Measures in Soil Conservation by Districts

KAKAMEGA BUSIA BUNGOMA
Cut off drains_j_Km lllllll - 20 7 35,715
Waterways - m * - 1,178
Grass strips =- Km * 0.764 264
Stone terraces - m * ;BOO 625
Fanya Juu Terraces - m * 18.6 39
Controlled gullies numbers * 2 2
Bench Terraces - Km * 4.672
Trash lines - m * 4,821

Data still being collected by field officers.



The Present Situation and Trends on Soil and Water Management

Although there is enough evidence that there has been
some progress in soil and water management in the recent years,
the rate of advance still falls short of adequate in relation
to soil loss in view of the expansion and intensification of land

use.

Table 1 indicates that some conservation work is already
being carried out. Nevertherless it is necessary o intensify
the basic research and development work, to plan cooperative
programmes in land use and water conservation and to coordinate
activities aimed at rehabilitation, improvement and management

of the catchment areas.

In addition, the rocles of various instituticns from state
to farm level seem to be not well defined. There is sometimes
total lack of technical knowhow as to where some of the structures,
such as cut off drains, are supposed to be located. At other
times there may be a total lack ¢f incentive by the farmers.
Hence the farmer may look to the Ministry of Agriculture to provide

all needed inputs for measures *to conserve soil and water.

Could it be that there is lack of sufficient technical
staff to cope with the demand or is the problem that neither
the farmer nor the technical officer feel responsible for

identifying needs.

The present situation is characterised by on-going
conservation movements in certain parts of the ccuntry through
self help groups. In all this however, there is much room for
extension, improvement and co-ordination. The principles and
technology of watershed improvement and management on agricultural,
range, pasture, and crop lands are moving ahead. But there are
serious lags in investment, in rehabilitaticn and improvement
programmes and outlays is good management, inspite of the
desirability, economic feasibility and generally excellent

economic returns.
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Theoretical River Basin Considerations

In the river-basin situation, watershed lands are under
various jurisdictions, viz, state, local and private. These
are under various uses e.g. forest, range, agricultural, and

multiple combinations.

These conditions stress, naturally the need for wide
participation, co-operation and overall support for soil and
water management programmes. Problem areas with severe or
moderate erosion, local floods, forest encroachment or misuse of
agricultural land, exist in nearly 2ll of our river basins.

The answers to these problems vary widely with consideration of
soil, topography, climate, precipitation and other physical and
economic factors. There is no single formula for watershed

protection, type of cover or type of structural water-retarding

measures.

Although the problems of soil and water management are
legion, . in the river basin context, the planner is concerned
particularly with those requiring coordination in a comprehensive
plan. These include of course, soil protection, runoff retardation
and storage on the land and in the small streams, and siltation
abatement. In matters of land cover, there are additional
problems of water economy related to forest. use ,grazing management
and crop prcduction. A specialisell problem in this field is
that of replacement of water wasting, non-economic cover such as
certain types of vegetation °.-\ found in arid and semi-arid

basins.

Some confusion in the public mind has resulted from frequent
representation of soil and water management and small headwater
works on one hand, and main stream flood control structures on
the other, as alternatives. Many claims have been made by over
zealous friends of soil and water management that would make the
larger works completely unnecessary. However, the generalized
conditions are that no more than the first few centimetres of
a major flood producing precipitation will be held back in cover
and soil, and that a sufficient number of small reservoirs cannot
be provided to hold the remaining runoff from heavy precipitation

in a drainage basin of any size. The headwater measures can, under



such conditicns. only spread the discharge somewhat over time and
reduce the extreme peak of flood flows in small drainage areas.
However, the primary benefits of watershed treatment stand upon
their own merits, and their place as complementary to a main-
control, river system plan are not to be discounted. The
exaggerated claims for river system planning ignore the very
substantial value of soil and moisture conservation in situ

and of local flow retardation, with resulting benefits in’
production from the soil and in mitigation of reservoir and other
downstream silting. In this connection it should be added that
the watershed may sometimes have only a minor effect when compared
with bank and channel scouring in contributing to the total volume

of alluvial materials shifted down the river to the plains.

Derived Benefits of Soil and Water Management

Soil and water management is a field in which there is
often no tangible and saleable product. Public investment is
generally not directly reimbursed. The purpose is to prevent
wastage and-to enhance national resources of soil and water. In
this sense the investment is a necessary one with feasibility
projects and programmes resting upon enhanced wealth and prcduction

in and from those resources.

The benefits of the programmes in soil and water conservation
and increased production are both direct and indirect.and are
generally difficult to assess by individual land owners or local
entities, although a degree of equity in cost-sharing is attained
through the cooperation at local or district level. A great deal
of the needed work is, however, economically -beyond the private
farmer on a private investment - and - return basis. This is
particularly true of lands denuded of top soil which cannot be
rehabilitated and operated commercially but whose protection
and usage are of public interest in general.:. The essential
general tasks of survey, research and development, demcnstration
and education in soil and water management are also generally

beyond private and local capabilities.
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Objectives, Policies and Issues in Soil and Water Management

Essentially there are two main objectives of a national
programme of effective soil and water management. The first
is the sustained and increased usefulness and production of
the land. The second is the conservation and use of waters from
the hills, the lakes and rivers. The deeper aims naturally, are
those of conservation and development in general, the enhancement
of human productivity and well being and the welfare of the
environment., These are particularly well served by good land and
water management.,

The central and direct issue in carrying out such objectives
is that .of re-invigpration, extension, and improvement of current
programmes and of their closer coordination in a purposeful and
viable whole, designed, to meet the pace of growing land deteriora-
tion and expanding material need. From the national aspect a
major issue is the coordination of two important parts of water
control - a well - rounded watershed management plan and an overall
Plan for the development of the land and the water resources of

the river basin.

In its pioneering view of the problems of soil and water
management, the Ministry of Agriculture, Land and Farm Management
Division brought out a'Position paper on Soil Conservation' that
seeks and stresses the need of public participation from agencies
and private owners and operators in common efforts; recognition
of government responsibility for leadership, planning, admini-
stration and liberal financial support; recognition of regional
responsibilities in the organization of the obligation of private
ownership to use preventive measures in erosion control with
liberal public help; and coordination of policy in this field
with that in other related fields.

In the first soil and water conservation workshop in 1977,
the issue of erosion control was seen in very similar terms. Soil
deterioration through erosion and its causes were noted as the
country's most acute problem of land use. The workshop emphasised
the need of protection of the land against all forms of erosion and
in its very broad review of soil and water conservation progress

and issues, the workshop saw desirable policies as follows:-
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1. Soil and water conservation should be a principle
objective in basic programmes to bring economically
controllable deterioration of land under control

within a reasonable time.

2. Government policies and activities - agricultural
conservation, land adjudication etc, should be

adjusted to strengthen the soil and water conservation.

3. In addition to providing sound technical information
and advice, the need to have a National Soil and Water
Conservation Committee was seen as an obvious body
which could look into the problem of land reclamation
in Kenya. (This has been achieved already as the
Permanent Presidential Commission on Soil

Conservation rand afforestation.)

Planning Soil and Water Management

The discussion above indicates how goll and water management
programmes should be planned. A key to an effective soil and water
management programme is, in the long run. as in so many other
instances, a strengthened programme of basic research and the
evaluation of development in the field. A review of development
and controlling practices and policies over recent years, and of
the present situation in specific terms, is relevant to present

day policy and plan formation.

Flood control, with conservation of water through storage
in the soil and in underground and surface waters in upper reaches,
should be recognized as a principal factor in soil and water
management planning and development. Consistent with other aspects
reservoir storage should be designed for greatest possible use and
re-use of flood waters. All measures of flood protection works,
flood-plain zoning, flood forecasting, release of sediment-loaded
water on land, combinations of reservoirs and other works, should

be considered in soil and water management planning.
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The need for the inventory and reappraisal is essential,
for new goals to be defined and greater progress on a broad
front.

Conclusion

In summary, today's need is for a comprehensive reappraisal
of existing policies, plans and programmes, and progress if Western
Kenya is to forge ahead in soil and water conservation for sustained

agricultural production.

On the national scene, there is a need of stepping up the
pace and coverage of survey, research and development, and of
extended cooperative effort in soil and water conservation work
in damaged and threatened areas. In this, time limits should be
set for definite stages of accomplishments in the various aspects
of area organization or acquisition, rehabilitation, development

and management.

In the river-basin areas generally, there is definite need
for more closely tying together in complementary fashion the
planning and programming for watershed and headwater area develop-
ment and that for tributary and mainstream development. Both of
these should be included as primary elements in a comprehensive

river-basin plan.
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PRACTICAL FARMERS' TRAINING IN CONSERVATION TECHNIQUES:
— OBSERVATIONS AND EXPERIENCES IN MACHAKOS DISTRICT -

By

Michael A. Zobisch
Machakos Integrated Development Programme.

Machakos.

1. INTRODUCTION

Misuse and depletion of agricultural resources by
farmers necessitates an increased effort to speed up the appli-
cation of appropriate soil and water conservation techniques.
It was observed by the author that during the last two to three
years, the awareness of farmers in Machakos District of the
current erosion problem and its consequences for the future
has multiplied, resulting in a constantly increasing demand
for professional advice and assistance from the appropriate
institutions. However, governmental and non-governmental
resources (financially and staff-wise) are limited and are not
the only means to solve erosion problems everywhere in the
country. This implies that farmers should take more responsibility
and make a greater effort themselves to improve their land

management.

A majority of farmers are still exclusively dependent
on agricultural extension staff for advice and practical aid
on very simple conservation techniques. Because of the large
number of farmers in widespread operational areas (administratative
locations and sub-locations) and the diverse characteristic
of the extension staff's duties which cover the whole field of
agriculture, this staff cannot cater for the increased demand

of farmers seeking help.

These constraints define the need to enable more
farmers to apply simple conservation techniques themselves
through a specially designed training programme, so as to make
them more independent from the locational extension staff and

to relieve the latter from mass routvtine work.
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2. THE MIDP FARMERS' TRAINING PROGRAMME

The Machakos Integrated Development Programme (MIDP)
has therefore started a trial training programme for farmers which
is meant to cover all aspects of soil conservation which can be
carried out by them. This need made it necessary to simplify -
a number of techniques and to present them in a way the farmers
can understand them. In order to achieve long term success, a
programme like this must be continuous, and, if necessary re-
petitive. The following reflects methods and experiences of

MIDP during its trial courses.

2.1. Training Units

The whole programme is divided into sections which

serve as training units. They are:

design and layout of terrace systems,

improved soil tillage,

set-up and management of self-help nurseries,
pasture improvement (improved fodder production),
rural afforestation (tree planting on farms),

improvement of rural roads and footpaths,

o H ©0 Q O T ®

construction of simple gully structure (sediment

traps, check dams, inlet structures, etc.)

Each unit represents a course on its own. The units
are equally important for the farmers and experience has shown
that the farmers are not yet convinced of this. They all know,
that, for instance, terracing benefits them and they are ready
to invest a lot of effort into this activity. But they do not
yet believe that pasture improvement,, rural afforestation and

road maintenance are as important in the long run.

2.2. BSelection of Training Units

The training programme has to start with the component
(unit) in which the farmers have the greatest confidence. In
our case, this is terracing techniques. Experience has shown

that once farmers realize that they can successfully design and
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lay out terraces for themselves and discover that they are
effective they will be ready to attempt other techniques they
previously had shunned due to their prior misgivings. This is

the time to start with the training of such techniques.

2,3, Selection of Course Participants

Realizing the number of farmers in the District
(approximately 200,000 families according to the 1979 census)
and thelr demand for training, it is unrealistic to believe
that each individual farmer could and should be trained., With
more emphasis and effort being put on the development of self-
help groups, there is an opportunity to build up and organize
pools of trained farmers within these groups. Once the existence
of farmers' training courses is known (through chiefs' barazas),
there 1s generally great demand for participation. This 1is

the stage to involve the groups.

Each group gets the option to select two to four
members, depending on the size of the group, and to delegate
them to the courses. This group selection process serves two
purposes, Since all farmers organized within a group have
usually known each other very well for a long time, the group
is likely to select farmers who are intelligent and educated
enough to follow the courses successfully and at the same time
will be cooperative and ready to help the other members of the
group, This process largely eliminates the possibility of
selecting farmers who will be uncooperative with their neigh-
bours or fail to share their newly acquired skills. It will
also, to some extent, aid in the formation of new action;
although this was rarely observed in Machakos District, an area

with traditional self-help groups.

2.4, Principles of Course Implementation

Several important principles have to be observed when

organizing farmers' courses of this type.
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The courses must be oriented towards practical
exercises, with the number of participants limited to enable
the instructor to effectively teach the course. Classroom situa-
tions should be avoided as it has proven to hamper the retention
of information by the farmers. They are generally unfamiliar
with proper classroom-type teaching, i.e. lectures, the use of
blackboards, and are uncomfortable sitting for long periods of

time. This impairs their ability to concentrate.

The most convenient course size for this sort of
activity was twelve participants forming three groups of four
farmers each. This gave the instructor the chance to allocate
sufficient time to each group and to thoroughly discuss questions

and problems arising during the exercises.

The courses should be as short as possible and contain
a minimum of necessary theory, enough to enable the participants
to understand why certain practical steps have to be taken.
For example, the course concerning terrace system design and
lay out, using the line level, usually took one full day. A
short presentation of information and demonstration of the
instrument was introduced at the beginning of the course, field
exercises practised during the remainder of the morning session
and most of the afternoon session; and a complete terrace
system laid out at the end of the day. This was to be con-

structed by the farmers later as their first project.

The course sessions should be conducted, if possible,
in the local language because in many cases the farmers' know-
ledge of Swahili was not enough. Most of our courses were held
in a mixture of Swahili and Kikamba, depending on the participants
and the instructors.

The courses should be organized and conducted as locally
as possible. This reduces travelling time and cost for the
farmers. It was found that a distance of about eight to ten
kilometres was the maximum a farmer could walk without being too
exhausted to follow the course.
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The participants would normally gather in the nearest
village and use a field of a nearby participating farmer as the

training ground.

The farmers would normally cater for themselves with
food although MIDP has sometimes provided a snack available at
a local restaurant or shop. But providing food was not observed

to be any significance concerning the attendance of the farmers.

2.5. Post-Course Considerations

It is very important that the farmers are able to actually
apply the obtained skills in the field. Therefore, at least
each group, or where possible, each participant, should be given
the necessary instruments or inputs. This makes them really
independent in their work and avoids building up a potential
of educated, but inactive farmers. This especially applies to
situations where the acquisition of tools is beyond the farmer's
financial limits. For terrace design, each course participant
in Machakos was issued with a set of line 1levels. For pasture
and fodder improvement, a basic supply of grass seeds and tree

seedlings was given.

It is vital, for a long term success of any  farmers'
training programme, that a follow up on the post-course
activities and performances of the participating fa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>