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Abstract

The Ngong Hills represent a natural resource of significant importance to Kenya. The hills contain
valuable agricultural, vegetational, hydrological, visual, recreational and wildliferesources. These
support & number of land uses and a sizeable and quickly growing population. Settlement
expansion and often inappropriate use of the resource base has threatened sustainability of
production. The study undertakes to determine the degree to which existing land uses are
destabilizing the environment and what changes in either land use or inputs are required. In
addition, existing habitats and landscape elements are evalvated to ascertain their role in
safeguarding desired functions with particular emphasis on the factors affecting primary

production.

The study argues that an integrated approach to landscape planning; that is, holistically examining
and responding to the biological, physical, cultural, and economic aspects of the environment, is
necessary for truly sustainable rural development. In this way both conservation and development
objectives may be achieved. A methodology is put forward that spatially relates information from
various disciplines in order to design a course of action that is directed towards the optimum vse of
theland, consistent withthe highest state of landscape integrity and economic and social feasibility.
Agroforestry figures prominentlyin the plan.
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Figure 1, The Location of the Ngong Hills




1. INTRODUCTION

" The most urgent global problem today isto ensure the habitability of
the earth's surface for man and his fellow species. With the present
pressure of Ipcpulation this can only be achieved if men act as
guardians of the earth in a role combining conservation and
creation.....concerned equally with the conservation of naturat life and
thecreation of environments where men can realize their potential fora
full life in which beauty canbe added to mere survival.”
DameSylvia
Crowe (1982)

There are few hill slopes that have not been touched by the problems of man induced ecological
degradation. In developing countries particularly, the combined effects of growing populations,
competition for scarce resources, and inappropriate land use, has led, all too commonly, to a
downward spiral of decreasing environmental stability and diminishing levels of development.

With expanding populations, agricultural development hasoccurred in areas previously not subject
to intensive cultivation. Land has been subdivided into plots, often with little regard for quality of
soil, water availability, topography, existing vegetation, and susceptibility to erosion, with the
result that plot size and fertility are ofteninadequate or marginal. Increasing numbers of inhabitants
are attempting to extract their most basic needs of food, shelter, and fuel from environments whose
balance, stability and equilibrium are threatened by those very attempts. Agrarian reform and
adaptation to local physical and social conditions have not adequately followed the rapid increases
in population and intensity of land use. A new ecological stability, responsive to this dynamic
situation, is required, if the level and diversity of current development is to be sustained or
improved.

Sustainablerural development will only be attained if planning efforts are in concert with the sociat,
cultural, bio-physical, and economic forces at play in the environment. Human ecosystems are &
complex web of various elements and the cause and effect of each must be considered in & holistic
manner, if fullyreasoned and comprehensive development proposals are to be made. Each element
is inextricably woven with the cthers, and must be considered if the harmony and balance of the
overall system isto be maintained. Therefore, an integrated approach to planning isrequired if the
complexity inherent in the ecosystem isto be adequately addressed.

This approach is particulearly applicable tothe field of landscape planning which is " a hierarchial
complex of a number of investigations leading to formulations in a mumber of disciplines "
(Hills,1974) and is necessarily concerned with the integration of man and his activities with natural
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processes and elements. Landscape isthus seen, not as purely natural space, but as the result of the
manipulation of aatural conditions by the work of man. It is the spatial expression of a particular
social order. John Brinckerhoff Jackson has put it the following way:
“ A landscape is not & natural feature of the
environment but a synthetic space, aman made system
of spaces superimposed on the face of the land,
functioning and evolving notaccmﬁng tonatural laws
but to serve a community..... for the collective
character of the landscape is one thing that all
generations and points of view have agreed upon. A

landscape is tims a igace deliberately created to
up or slow down of nature. As Eliade

sses it, it represents man taking upon himself the
ralwgf time." (Jackson 1984)

It follows the understanding of this concept, that landscape planning seeks to understand and
respond to the existing spatial organization of a locality, it's history, and the motivation for that
structure (the formal political infrastructure, and the needs and aspirations of the inhabitants). A
thorough comprehension of the bio-physical context is, of course, fundamental. In additiontothis,
the planner must evaluate the often conflicting demands placed upon the land and suggest ways of
reshaping the landscape in such a way that itis more responsive to the requirements of the society.
As sustainability of production is essential, the plan must be synchronized with the natural
ecological prcéessesthal supportit.

Itispartly through an integrated approach to landscape planning; that is, holistically examining and
responding to the biological, physical, social, cultural and economic aspects of the environment;
that truly sustainable rural development may occur. Such a strategy should yield a landscape
framework or infrastructure that both provides favorable environments for suitable land uses, and,
is in accord with ecological processes that support them. In this way both conservation and
development objectives may be achieved. This project seeks to apply this approach in the
development of alandscape planfor the Ngong Hills of Kenys.




1.1 PURPOSE

The general purpose of the study isto evaluate the facts and processes that formed the landscape of
the Ngong Hills, and to design a framework and course of action that is directed towards the
optimum use of the land, consistent with the highest state of iandscape integrity and economic and
sociaffeasibility. ’

1.2 PROBLEM STATEMENT

The Ngong Hills represent a natural resource of significant importance to Kenys. The area contains
valuable agricultural, vegetational, hydrological, visual, recreational and witdliferesources. These
support & aumber of land uses and a sizeable and quickly growing population. The threat to the
natural resource base posed by recent settlement expansion and often conflicting and inappropriate
land wse, is serious, and, if left vnanswered, may preclude sustainsbility of production.
Conversion tosmall scale agricultural holdings and subsequent deforestation, hasledto adeclinein
species diversity, visual quality, wildlife habitat, and water availability. Increased runoff, soil
erosion, and declining fertility, associated with poor cultivation techniques and overgrazing, are
further worsening the difficulties facing local farmers. Low income ievels and under employment
are common and the provision of basic human requirements is difficult for many families.
Furthermore, the area is faced with the additional pressure of the urban expansion and population
spill over of nearby Nairobi.

In light of these conditions, studies are required to determine the degree to which existing land uses
are destabilizing the environment and what changes in either land vse or inputs are necessary. In
addition, an evaluation of existing habitats and landscape components is necessary to ascertain
their role in compensating for the negative effects of the land usesin the area.

If more serious future problems are to be averted, measures must be taken which improve the
stability and long term maintenance of the landscape by promoting practices which reflectagreater
stewardship of the land.




1.3 PREVIOUS WORK & LITERATURE REVIEW

Landscape planning is a relatively new professional field and there are few comprehensive
examples (in terms of & percentage of total land reiated planning efforts). The most notable work
has been in Germany, the United States, Canada, the Netherlands, the British Isles and Israel
(Weddle,1978) and has occurred in the last thirty five years. In addition there have been some
outstanding recent examplesin developing countries.

Certainly, enlightened land planning and design has occurred in the more distant past, with such
notable examples as the 18th and 19th century creation of the romantic English landscape by
Brown, Repton and others. The work of Puckler-Muskau in 19th century Germany, although
mostly confined to his estates, demonstrated " his profound grasp of a total ecology that included
the human organism" (Newton,1971). Fredrick Law Olmstead's work, particularly that of the
Back Bay Fens and the Riverway in Boston, were significant in their ecologically sensitive
treaiment of degradedlands, notto mentiontheir aestheticimportance.

Charfes Elliot (1859-1897) made important contributionstothe field of landscape architecture and
planning, notably, his work on the Boston Metropolitan Parks system in which he demonstrated a
site selection process based upon analysis of the historical and physical geography of the area.
Elliot repeatedly called for "comprehensive studies" and "general plans” when dealing with land
related development proposals (Elliot, 1896). In addition, his papers were among the first in the
field of "Iandscape forestry" and indicated the requirement for advance planning in forestry

operationsto preservescenicquality.

Other examples of early landscape planning are the efforts of the United States Soil Conservation
Service which has done much to rehabilitate lands devastated by inappropriate agricultural
practices. The establishment of conservation districts and the derivation of policies to guide land
use in those areas was particularly significant. The Tennesee Valley Authority, formed in 1933,
resulted in comprehensive plaaning for a large land area that was sensitive to the natural
environment. The Resettlement Adminisiration, established by President Roosevelt in 1935,
combined agriculture and land conservation programs. The national park systems of both the
United States and Canada and their subsequent planning efforts, have been outstanding in their
aitempt to conserve large tracts of publi¢ " unimpaired forthe enjoyment of future generations “.

Altfoogh the importance of this historical work is undeniable, the details of the methodologies
employed were often lacking or were rudimentary in nature. Planners and designers, although
drawing on abroad range of disciplines, often worked intuitively and or neglected to be explicit in




the descriptions of their analytical processes. As the problems and conflicts relating to land use
increased in both number and complexity, the need for & comprehensive and defensible
environmental planning process became more urgent. However, most of the environmental
planning that has taken placeto date has been directed towards problem resclution in a single field,
ie. conservation, visual resources, forestry, hydrology etc. and only rarely have there been
attempts to integrate the broad range of issues related to the use of land. Social and cultural
influencesareexamined evenlessfrequently.

Developments in the 1960's and early 1970's concentrated on the formulation of a systems model
of planning (McLoughlin, 1969; Chadwick,1971; Wilson,1972). This model postulates that it is
possible to understand a system to such a degree as to formulate control mechanisms, and that the
direct and indirect effects of such interventions can be forecasted, atleast in the general sense of the
impact on the entire system, it's people and their activities, (Hall,1979). The systems approach
adopted a scientific, objective position in which the planner derived some of the goals and
objectives from politicians and clients, as well asformulating objectives for the society by virtue of
histraining and examination of “the facts”. Althoughthe early systems planning models were often
narrow in terms of the scope of issues under consideration, they indicated the value of analyzing
the consequences, in both the short and long term, of existing and planned actions. Examples of
landscape planning during this period that adopted a systematic and comprehensive approach
include the seminal work of McHarg, 1969; as well as that of Weddle, 1967, Werkmeister, 1967,
Steinitz e72/1968; Eckbo,1969; Hills, 1961,1970,1974; and Vroom ez4/1970.

The work of A.G.Hills was particularly outstanding and is presented as it has influenced the
methodology of the present study. It establishes a hierarchal framework for the ecological
classification and interpretation of land units that allow for the identification of resources and
patterns of use at different scales. The landscape planning procedure is seen to have six [evels:
Level 1 -formulation of feature properties

Level 2 - formulation of feature gradient classes and ecosystem types

Level 3 -formulation of regional ratings of ecosystem types

Level 4 -formulation oftherelativeadvantages of management alternatives

Level 5 -formulationof alternativelandscape scenarios

Level 6 - formulationof the landscape plan (Hills, 1974




Hills' methodology recognized that “all types of changes in the landscape must be considered in
selecting the optimum {andscape for any givenarea.” (Hills, 1974) Using those features thatinteract
transactionally to control production, (including social production ie. phiysical and mental health,
changes in community lifestyle etc. ) he derived his system for the classification, management and
planning of the landscape. The various interrelationships between the parts of the ecosystem are
explored. These relationships are seen not as isolated phenomena but always within the
organism-environmentsl whole, The ecosystem is seen as a transactional whole or “circular causal
system" (Hills,1974). Following this concept, the ecosystems are described in terms of their parts
or systems but in such a way that the relationships can readily be seen and explored. He classifies
ecosystems as "production systems" of the following types:

1. Biological: eg. farm, forestry or fishery ecosystems

2. Physiographic: eg. mine, aquifer, or energy developing ecosystems
3. Societal: cultural ecosystems (Hills, 1970)

The objectives in levels 1-5 in the planning process are to identify those features which contro}
production and which may form the basis for proposals in level 6.

Hills' method of landscape ecological inquiry is based on a complex of the following types of
inference, which overlaptovarying degrees: intuitive, inductive-deductive, transactional  iterative,
evaluative, normative, and consensus. These combine to yield: an ecological method for
investigating the ecosystem web, an areal organization of the system, and amethod of "determining
societal values of specific ecological relationships at two levels of landscape synthesis, viz. the
natural and cultural landscapes” (Hills, 1974)

An understanding of the production potential of the ecosystemsin the planning areais fundamental,
asis a clear concept of the feasible management options, given the limits of the particular resource
mansgers. Threetypes of evaluation were used.

1. Capability: the potential of the land for use in specified ways.

2. Swuitability: the present suitability of the land for specified land uses.

3. Feasibility:incorporatessocio-economic conditionsintothe above.




The matching of the management uaits to the needs of the society can only satisfactorily be
accomplished if there is an uaderstanding of which segment of the society is to be satisfied. Hills
noted the necessity for intensive human ecological and anthropological investigations in landscape
planning and calied for a typological approach to fruman ecosystems (although his own work did
not include it). The socio-economic and cultural information must be gathered in such & way asto
allowit'sintegration with the physiographic and bioticinformation.

The importance of Angus Hills' work rests on his holistic approach to analysis and evaluation as
well as his sound philosophical defence of the process. By gathering, analyzing, and synthesizing
information in such a way that it reflects the transactional nature of the area under investigation,
fandscape decisions can be made based vpon a matching of the societal, physiographic and natural
determinants,

Ian McHarg's planning process is concerned with the integration of ecology and natural processes
within the planning framework. Natural processes are seen to have inherent qualities which affect
the productivity and ecological balance of the ecosystem. The misuse or mismanagement of the
ecosystem has potential hazards. Accordingly, planning must respond to the implications to
development that natural processes exhibit. "The plan can be developed only when there is
adequate information on the nature of demand , it's locational and resource characteristics and,
indeed the social goals of the community............ whatever the characteristics of the demand - the
formulation of a plan....... should respond to an understanding of natural processes. It must plan
with nature. " (McHarg,1969).

McHarg employed cartographic techniques based on an overlay process in which various
combinations of maps could be superimposed and photographed to yield a composite. The
technique also allows the weighting of the various component maps. Although transparent overlay
- techniques were being used by planners and designers for both analysis and presentation after
1950, (Whittle, 1950; Lewis, 1962; Alexander et al 1962) McHarg's presentations were among the
most elaborate and had a great influence on the profession. Steintz (1976) and others have further
refined the overlay method in such & way that it is suitable for either cartographic or computer
analysis. In light of modern geographic information systems and computer assisted cartography,
the principal value of the hand drawn overiay method lies in the approach to problem solving. It
will, of course, continue to be used on small scale projects, or by those lacking access to more
sophisticatedsystems.

Frederick R. Steiner (1981, 1984) has applied ecological principles tothe planning of agricultural
landscapes. Among other achievements, he hashelped develop an agricultural land evaluation and
site assessment system in an effort to preserve valuable farmlands. .




The activity of landscape planning is well developed in Germany and there are several examples of
notable work (Werkmeister, 1967,1984; Steinert, 1985; Krinner er 4/, and others). However, that
of Auweck, Schaller and Sittard (1979)is particularly interesting asit developed a well documented
methodology that relates to the agricultural fandscape. Adopting an integrated approach to the
planning of a complex system, they sought to introduce the concerns of specialist fields. Equal
weight was given the concerns of economists and ecologists with the overall aim being the “the
stability and fong term maintenance of land uses through minimizing the pressures on the
environment{correct agricultural and forestry practices)" (Auvweck &/2/1979)

By superimposing and comparing specialist information for the planning area, they were able to
determine areas of conflict. In the overall plan a balance between the various interests was
attempted. Although there were no quantitative statements regarding the functioning of the system,
there was an attempt to qualitatively describe the value (in terms of desired function conservation)
of various elements in the landscape. These function conserving elements were matched with
existing land uses which had been ranked in terms of their impact on the function of the fand. Thus
a map of the region was produced in which all areas fall into one of three classes: resource
conserving, in equilibrium, or resource consuming. Although apparently lacking a social
component, the study was important as it attempted to integrate multidisciplinary data to provide
indicators{orthe planning of the agricultural landscape.

Although most of the preceding approaches tolandscape planning acknowledged theimportance of
including a social component in the process, few have indicated, in a precise fashion, a social
research methodofogy which responds to the {evel of detail required for design. The need for the
integration of user requirements hopes and aspirations within the planning and design process has
been recognized by a mumber of researchers (Chambers,1983; Oliver,1971; Heston,1975;
Hyden, 1983; Moore,1976; Berger ,1978; Lynch,1980; Low,1981; FAO ,1979,1981; Fortmann &
a/1985; LC.R.AF. 1983; Muller,1984; Campbeli, 1984; Rocheleau,1984; Chavangi er2/1985;
Messerschmidt, 1985).

It is only through involvement that users will be able to meaningfully participate in the decision
making processesthat affecttheir lives. It is throughactive local peoples participationthat planners
will be ableto ensurethatindigenous expertise, traditional beliefs, taboos, norms, behavior details,
alternatives, and priorities are incorporated into any development plans. As valuves are the
fundamental sources of behavior, they must be fully understood and accounted for. The
implications of changes in values, and therefore changes in behavior, must be explored if the
intentions of plans or designs are to be realized. If there is a sufficient realization of cultural values
and decisions planners can make allowancesfor them, orbetter yet, allow them toguide the plan.
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Revision of cultural beliefs and traditions is often necessitated by the reality of & changing
environment. Peopie are forced to alter their values, expectations, and priorities in light of such
imperatives as increased population,and scarcity of capital and resources. These are not simpie
changes as they often are closely connected to personal emotions and may lead to profound
changesin personality , social status, societal behaviorand satisfaction. (Petiman,1981)

One project that has adopted a culturally sensitive process is the Kenya Woodfue! Development
Programme (KWDP) in Kakemega District. I successful, it will significantly improve the
landscape of that area. The KWDP project is just getting underway, and an evaivation of it's
success is not yet possible, however, the initial indications are encouraging. Certainly, the
approach is a sensitive one that hasimplications for other development projects. A programme was
developed based on a sound understanding of the cultural makeup of the community as well as the
technical and economic considerations of the problem. In this way the requirements of the people
both in a material and cultural sense, could be met in the least socially disruptive and most
beneficial fashion. The taboos and cultural values of the people have been preventing them from
reaching their development potential, and therefore, needed modification. A programme of mass
awareness coupled with the use of local knowledge and skills, is starting to achieve this
modification in a way that does not impose an external solution, but rather, builds on existing
patteras of behavior. ‘

The tuman ecological method of planning adopts the scientific, replicable approach to the
determination of social requirements and beliefs. Anthropologists, working with planners,
sociologists, ecologists and other disciplines evaluate human values, behavior, and requirements
and analyze the cost/benefit or suffer/benefit results of varying planning approaches.
Ethnographical and social analysis is used to define groups as well as identify problems and
opportunities within the planaing area. However, little attention has been paid to “the spatial
aspects of social relationships and patterns of behavior" in African societies (Muller,1984). The
scale of investigation varies according to study objectives, but it rarely is carried out at the level of
detail required for small scale design (Low,1980). There are of course exceptions to this
(I.C.R.A.F. 1983, Rochelean, 1984) in which investigations occur at varying scales ia response to
boththe size of the management unitsand the larger comtextual influences.

Setha M. Low (1980) has indicated a social science methodology that merges well with the
landscape design and planning process. This methodology does not make a distinction between the
physical and social environments. Recognizing five stages in the landscape design procedure
(problem formulation, data collection, programme, physical design, design evaluation) , she
identified the need for a recursive model with feedback loops that allows for re-evaluation in light
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of new information gained in subsequent stages. At each stage, with the exception of the physical
design stage, social information, value decisions and interpretation is required. Social tasks
required for each design stage are identified as are possible methods and techniques for
accomplishingthetask.

A methodology that has been most successful in integrating social and cultural values with &
comprehensive and systematic planning process is that developed by the International Council for
Research in Agroforestry (I.C.R.A.F.) The "Diagnosis and Design" (D&D) methodology was
developed to identify agroforestry technologies and research priorities that were based upon &
diagnosis of the problems and potentials of land use systems. " The methodology is directed
towards meeting the needs, solving the problems, or realizing the potentials of specific land use
sysiems. The procedures .......... fead to the design of one or more agroforestry technologies
which appear to have the potential to effect realistic improvements in the target land use system. "
(I.C.R.A.F., 1983). The approach has been partially derived from Farming Systems Research
(Collinson, 1981; Hildebrand, 1981; Zanstra et al, 1981; Shanner et al, 1982) and has adopted the
rapid appraisal method (Chambers, 1931)for reasons of efﬁciency.

AstheD&D process'is thoroughly described elsewhere (1. C.R.A.F., 1983) only a brief outline
will be presented here. Utilizing a multidisciplinary problem solving approach, the methodology
may be divided into the following four stages(I.C.R.A.F.,1983):

1. Environmental description of the study area
2. Differentiation of land use systems within the study area

3. Preliminary description of the selected land use system(s)

4. Diagnostic Survey
5. Diagnosticanalysis
6. Derivationof specificationsforappropriatetechnology

Technology DesignStage:
7. Technology appraisal
8. Technology design

9. Designevaluation
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Foliow up Planping Stage:

10, Research needs

11. Topicsrequiring further D & D attention
12. Projectimplementationplan

Awide range of issues in the agricultural, social, and natural sciences are examined in & systematic
fashion and problem resojutionis based on multidisciplinary synthesis.

The D & D methodology has been employed on many projects throughout the world . It has been
combined with landscape analysis in the Kathama area of Kenya on a limited basis (Hoek e #/,
1984)

Much of the L.C.R.A.F. methodology focuses on the individual farm and the household head as
the farm manager. The logic of this approach is that, in many areas, this isthe level at which most
land management decisions are made. This emphasis on micro anatysisis similar to work in human
geography in the late 1960's and early 1970's. J. B. Jackson states: * Just as the elementary usit of
mankind is the person, the elementary unit of the landscape is the individual dwelling....... This
ordering of man's most intimate world is the prototype of how he orders his larger worid"
(Jackson, 1978). The importance of a micro level research orientation wasrecognized by othersin
theregional science profession:

" Nothing truly general can be said about aggregate regularities until it hasbeen made clear how far
theyremaininvariate with organizational differences atthe microlevel" (Hagertrand, 1970).

* Afruitful way to characterize & region is as a system of individual enterprises or organizations.
The growth or decline of a single region is & summation of the growth or decline of it's
components. Therefore the only meaningful way that any deep and perceptive understanding of
regional change can be achieved is to focus attention on the change that occurs at the level of the

individual enterprise” (Leigh, 1978).

The most most pressing need in this approach, is to integrate the micro fevel disaggregate findings
with the regional or sub-regional findings and concepts. This is particularly true in landscape
planning situations that must deal with & variety of problems or opportunities that occur at different
scalesin the landscape, but are nevertheless, transactionally related. The inventory, analysis, and
synthesis of informationmust thereforereflect theserelationships. (Rochelean, 1984)

The D & D methodology lends itself to applications at variable scales (regional, community,
ecosystem, farm intra-household).” This has been further detailed by IC.R.A.F.(
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Rocheleau,1984) and has been applied in several projects { Hoek er 2/ 1984; Vonk, 1984,
Buck,1984). Different scales are considered separately and in various combinations in order to
fully understand the operations and relationships of the systems under consideration. This sliding
scale approachisparticularly suited toregional and subregional development applicationswherethe
client group encompasses a wide range of users (Rocheleau,1984). Although the D & D
methodology was developed specifically for the development of agroforestry technologies, it's
comprehensive and problem solving approach makesit applicable to systematiclandscape analysis
and the derivation of a broad range of probiem sofutions, including options other than agroforestry.

Landscape planning has an ecological basis and is concerned with the establishment of stable
ecosystems (Hackett, 1971). Therefore an understanding of the factors affecting stability and their
implicationsto development is essential. Work on various aspects of ecological stability asitrelates
to the human use of ecosystems (particularly mouatain ecosystems) includesthat of Ives &r2/1984
; B.Messerti ,1983 ; Getahun,1984; P.Messerli,1983; Glaser er #/,1981; Gigon,1983; Winiger,
1983; and Hurni,1983. Much of this has centered on sagricultural landscapes and methods of
assessing stability with many examplesfrom developing countries.

In recent years the concern for the visual quality of the environment hasrisen. In many areasit has
become necessary to analyze the visual resource in order to provide a basisfor it's management. As
the Ngong Hills represent a valuable visual resource, both to local inhabitants and visitors, due
consideration should be givenit's management. Although there has been much work in the fietd of
visual management (Appleyard;1963; Crowe, 1966, Elsner,1979; Hizuchi, 1983;
Litton,1971,1968; United States Forest Service, 1974, 1975, 1976, U.S. Bureau of Land
Management, 1975; Zube, 1975), thereis considerable debate onthe preferred methodology.

Astland classification and evaluation areinevitableinlandscape planning, thefollowing works have
been reviewed: Marsh,1983; Dent and Young,1981; FAO 1976 ; Young,1983,1984; Mitchell,
1973; Wiken, 1979; Rowe, 1979, Duffy,1979; Friend, 1979, Gimbarzevsky,1979; Quin,1979;
Luff,1979. The work of McDonald ar2/{(1984) provides a methodology for weighting suitability
meps in terms of their degree of policy satisfaction.

An example of an approach to multiple land use that integrates the requirements for conservation
with that of other resources is the. Michiru Mountain project in Malawi.(Hough, 1984).
Government departments, local leaders, politicians and conservation volunteers, all were involved
in the formulation of a plan to rehabilitate a degraded mountain environment. The local peoples
needs were considered and a reasonable degree of success hasbeen achieved.

The Integrated Project in Aridlands (I.P.A.L.)in the Marsabit area of northern Kenya, established
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by UNES.C.O. and UN.E.P., is perhaps the most ambitious multidisciplinary study
undertaken in that country. The aim of the project was to find " direct solutions to the most urgent
environmental problems associated with desert encroachment and ecological degradation of arid
lands." In an effort to provide a scientific basis for the rehabilitation and management of the lands
in question, an integrated approach was adopted in which surveys and research were carried outin
agumber of different fields. The human ecology of the nomadic pastoralists of the area was studied
and resource management models and plans were formulated. Although the project encompassed
22500 km? a great deal of data was generated and some detailed examples were put forward. The
project is still underway under the auspices of the Kenyan government.

In terms of the broad objectives of the study, and the work accomplished in the Ngong Hills to
date, there is a large and obvious gap. The only physical planning that has been carried out in the
area 1s the Kajiado District Development Plan and this does not have an ecological or for that
malter, resource based approach. It provides only a cursory look at the district as a whole and
makes no attempt to understand it's functioning in a systematic way. The plan provides lists of
completed or intended projects in the district as well as a brief assessment of programme success. It
notes the "dismal” (Gov. of Kenya,1984) performance of both the water development and soil
conservationprogrammes.

The District Focus for Rural Development has emphasized the need for decentralized planning in
Kenya. However, this has met with varying degrees of success in Kajiado District
(Campbell, 1984, Gov. of Kenya,1984). Although there has been widespread recognition of the
need to integrate local resources, needs, and aspirations in the planning process, this has not been
seriously addressed in district plans. The substantial human resources of the local population, in
terms of agricultural expertise, and detaited knowledge of the area's problems and potentials, are
thereforaaaderutilized.

Other work in the area includesthe following:

The Mazingira Institute, together with [ C.R.A.F., has done some agroforestry diagnosis and
design work at Kibiko in the extreme northern end of the plaaning area (Buck,1984). Local
problems were identified and some possibie solutions were designed. A school mursery was
established and both public demonstration plots and on farm tests were established. This pilot
project had many problemsand met with limited success. '

The Kenya Energy Non Government Organization (KENGO) has been actively involved in
deseminating agroforestry information and is carrying out an afforestation programme in Kajiado
District. Although not operating in the Ngong Hills, K.E.N.G.O. is a valuable source of related
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The Kenyan Rangeland Ecological Monitoring Unit (K.R.E.M.U.) has examined some aspects of
forest degradation in the Ngong Hills. They have noted general trends in vegetation change from
1967 to 1981 (K.R.E.M.U.,1981) but the classification is not of sufficient detail to be used for the

present planning purposes.

The Department of Urban and Regional Planning (D.U.R.P.) did a development study of Kiserian
on the edge of the study area. This project was limited in it's scope and did not adopt an
ecologicaliyorientedmethodology. (D.U.R.P.,1975)

Beatrice Khayota has conducted the most recent botanical investigations in the area with her MSc.
work entitled "Taxonomic and Ecological Survey of the Orchid Flora of the Ngong Hills" (in

preparation).

The Ministry of Agriculture has devéloped " Land and Farm Management Guidelines for Kajiado
District" (1975)which contains some valuabieinformation.

Dr. J. M. Ole Tameno, a Ngong Town veterinary doctor, has put forward a brief paper, " Ngong
Hilts- Proposals for Future Development”(1985), to the District Development Committee. This
callsforincreased development, including tourism, water development projects and environmental
management. The paperis very generalin nature.

The Ministry of Natural Resources has been carrying out a reforestation programme in the Ngong
Hills. The University of Nairobi has contributed to this effort and & portion of the area has been
named University Forest. Detailed direction is required if these efforts are to compliment other
required strategiesforthe area.

The foregoing has discussed landscape planning and related work that has had a influence on the
development of the methodology of this study. Most of the work has occurred outside the study
area. It is not meant to be a comprehensive list of all recent work, but rather, toindicate that which
is seen to be most refevant to the present project. Within this context, thereis seento be an existing
methodological gap between any single work and the requirements of the project at hand. A
methodology is required that has a strong social and cultural input, while at the same time
maintaining an ecological and systematic stance that allows for investigation and incorporation of
information at different scales. This process must also yield priorities and details of land use that
satisfy both national and local people's objectives. In a country such as Kenya, where the economy
and well being of the people is agriculturally based, it is imperative that the planning process
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address the ecological basis of such activity. This must be done at a scale and level of detail that
yields practical examples as well as more general policies. Priortp the present study, no such work
has been done in the Ngong Hills. To accomplish this, and other study objectives, a synthesis of
the methodological aspects of several of the studies reviewed, is necessary.
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1.4, OBJECTIVES OF THE STUDY

The following are the broad objectives of the study. All are seentobe complementary.

1. To examine and analyze the characteristics and interactions of the various landscape factorsina
systematicfashion.

2. Toidentify the type and spatial distribution of existing land uses.

3. To evaluatethe suitability and environmental impact of existing and proposed land uses.

4. To identify and propose resolutions to land use conflicts.

5a. To make recommendations as to the role the Ngong landscape will play in the provision of
timber, fuel, agricultural products, water, wildlife, tourism, recreation, and human settlementsand
to suggest an orderly arrangement of the land uses that is in accord with the ecological and social
processes that sustain them,

b. To establish priorities of land use.

c. To suggest improvements in the environmental framework (eg. soil fertility, microclimate)
withinwhich appropriate new or existing technologiescan operate.

d. To examine the role appropriate production technologies can play in improving the landscape
(with particular emphasis onagroforestry).

6. To develop a planning strategy that integrates the basic needs, hopes and aspirations of the local
inhabitants withthe overall planning requirements.

7. Tocontribute tothe environmental database of the area.

8. To provide a basis for locally directed support and to advise how the planning proposals might
beimplemented withinthelocal framework.
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1.5. SCOPE AND LIMITATIONS

The study area is 72 km? and is approximately twenty kilometers west of the Nairobi city centre
and is in the Ngong Division of Kajiado District of the Rift Valley Province. It lies between
longitudes 36° 37" 6" and 36°40' 19" East and [atitudes 1°20' 49" and {°28' 9" South.

The main thrust of the project is the analysis and evaluation of the Ngong Hilis landscape with the
purpose of making reasoned recommendations for it's futere use. Accordingly, emphasis in the
study has been placed on those forces and elements that play a significant role in giving physical
form tothe{andscape. Such areasaseducation, industry, political structure, healthfacifities, credit
facilities etc. have only been investigated insofar as they contribute to form making. The town of
Ngong itself has not be investigated other than to make recommendations &S to it's peripheral
growth areas and such matters that concernthe environment outside of the town.

Due to the size of the study area, investigations have followed a hierarchal problem solving
approach. The detail of investigation has not been equal in all areas, but increased in response to
needs exposed in previous levels of inquiry. In this manner, needless accumulation of data has
beenavoided.

Perhaps the greatest limitation to the study has been the withdrawal of research clearance by the
Kenyan Government. Temporary research permits were granted for over a year and then
withdrawn with no reason given and no possibility of appeal. Although most of the field work was
completed by that time, considerable further consultation with focal farmers and officials was to
have taken place (asis explained more fully in the methodology section). Although the reasons for
the denial of research clearance remain a mystery, the fact that the work will be of less value to
Kenya, does not.
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1.6,

RESEARCH METHODOLOGY

In response to the stated problem and broad objectives, the following methodology has been
developed. It has been most influenced by the work of McHarg (1969); Hills (1974); Auweck &ra:
(1979); Low (1980); 1.C.R.AF. (1983); Rocheleau (1984); and McDonald er &/ (1984).
Conceptually, the methodology (represented on the accompanying flow chart) can be broadly
divided into the following three stages based on those in Engel's open theory of architecture :

Basicfuaction:

Criticatfanciion:

Constractivefunction:

In this phase the problems are presented, concepts
are defined, methods are formulated, andbasic

tests are carried out. In all, atentative basisis established.

In this subsequent phase previcus assumptions are
criticallyreflectedupon, problemsareanalyzed,
existing theories are assessed and evaivated. Inafl
aset of criteriaisformulated.

This phaseis concerned with application of criteria

in abroad sense. Not only are programs formulated

and theories established but also physically is decided on
form, method, design, and construction. Inall: inthis
phase all criteria are translated in a conciseform....... in
constructing atheory" (Engel, 1970)

The following chart indicates the breakdown of the functions. The importance of this conceptual
outline liesin thefact that it containsfeedback loopsto allow for continuousimprovement.
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COGNITION OBSERVATION REFLECTION DECISION

PROBLEMS PRESENTATION] § ANALYSIS

COMMUNICATION J INFO INPUT SELECTION § § EMISSION

Source: Engel, 1970

The following methodotogy is an elaboration of this process and draws heavily vpon the diagnosis
and design (D&D) procedure of 1. C.R.A.F. The prediagnostic stage belongstothe basic fuaction,
the diagnostic to the critical function, while design and recommendations are of the constructive
fuaction.

1.6.1 Predisgnostic Stage

After the generation of the initial problem statement and broad objectives of the study, previous
work in the area was explored and government policies and programmes were examined. The
study area boundary was finalized and the scale and methods of reproduction determined. A
general environmental description of the area was carried out based upon reconnaissance visits and
aninventory and examination of existing bio-physical and socio-economicinformation. The history
of the area was assembled based upon literature review, archival research and interviews with
Maasaielders.
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In the Ngong Hills, very little baseline information existed, and additional surveys were required.
Soil mapping at an appropriate scale was unavailable, and therefore, a semi-detailed soil survey
wasundertaken. The most recent available aerial photography wasflownin 1978 but as significant
changes have occurred since that time, the area was rephotographed at 1:10000 scale in 70mm.
format.

The initial investigations were directed towards an ecological classification and interpretation of
land ugits that allowed for the idemification of resources and patteras of use at different scales.
Physiographic site types (Hills, 1974) within the area were be delineated on the basis of
homogeneity of physical characteristics (exclusive of present vegetation and artifacts) ie. soils,
geology, landform, climate and hydrology. Laad use types, whichreflect the primary use of atract
of land eg. anmual crops, tree and shrub crops, etc. were recorded. Management types, (those
areas of similiar management characteristics ie. scale, social identity, labour sources, tenure,
cultivation techniques, inputs, products and services etc. ) were noted and combined with land use

types plus physiographic site typesto yield a typology of land use systems.

The management types were described interms of the details of productionie. agriculture, forestry,
livestock, agroforestry, etc. as well as the general sociological structure and function. Such
subsystems as energy, food, water, shelter, raw materials for cottage industries, and cash were




23

also examined. An ecological input - output analysis of the systems was undertaken and the
sources and uses noted and related in diagrams. Following this, a preliminary identification of
major {and use problems and potentials occurred at several scales; ie. ecosystem, land use system
and household levels. General trends were determined by an examination of statistics, aerial
photography and reconnsissance surveys. Problems related to production, resource constraints,
conservationrequirements etc. , wereinvestigated and obviouspotential solutionsnoted.

Priority systems for further attention in the following planning stage were selected from the land
use system typology based upon;

1. The degree of representation of major land use systems inthe region.
2. Amount of technical assistancerequired. (after]. C.R.AF., 1983)

In addition, a wide range of units was selected to indicate the breadth of activities in the planning
area. The identification of priority systems focuses attention where it is most required, thus

eliminatingunnecessarydateaccumulation.

Client definition was finalized at this stage with the client group (the inhabitants of the Ngong
Hills) selected on the basis of:

"1, Functional criteria: present andfuture users, client utilization hierarchy.
2. Valuebased criteria: criteriatoreflect normsand values of thelocal or regional commuaity.

3. Economic criteria: based on costs of fulfilling client requirements. "
(Low, 1980)

Detailed survey requirementsand questionnaires were prepared at this stage.

1.6.2 Diagnostic Stage

The purpose of this stage was "to arrive at a diagnosis of the problems and potentials of the
selected land use system(s) and to use this as the basis for derivation of desiga specifications for
appropriate. ....... interventions inthesystem orit's environment” {I.C.R.A.F., 1983)

Representative management units within various land use systems, selected in the previous stage,
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were examined in greater detail. Through participant observation and a series of surveys and
interviews (both structured and unstructured) with farmers and other key informants (individual
and groups) in the area, relevant diagnostic information was coliected. A total of seventy-five
randomly sampled, structured, detailed farmer interviews were conducted. This represented a
sampling intensity of approximately 10.2% (732 farms were counted on the 1986 aerial
photographs). The topics of interviews included details of system shortfalls (eg. shortage of
water, fuel wood etc.), production constraints and sustainability problems, as well as their local
solutions. Local needs and aspirations were identified and used to refine the study goals, objectives
and policy set. Larger than farm scale (ecosystem, commuanity) issues were assessed in detail with
the aid of aerial photography and field surveys, eg. watershed management problems, regional fuel
wood requirements, etc. The questionnaireresults were computerized for analysis.

Each land use system type was evaluated and assigned an ordinal rank (0 to 5) in relation to the
degree of impact on site productivity. Impact was judged by the long term effect of the land use
system on the factors governing biological primary production. Primary production wasused asan
indicator as it makes no suppositions sbout future use (other than that the vse will be related to
plant production eg. arable agriculture, grazing, forestry, agroforestry). This allows for the
uapredictability of future land use decisions. The rank was based upon the effect of the land use on
such factors as : soil fertility, erosion, water ( quantity and timing), microclimate, and species
diversity of plant communities. Different factors received greater emphasis in different fand use
systems, eg.the impact of annval cropping on soil erosion would naturally be greater on a steeply
sloping site with highly erodible soifs than on a gentle slope with more stable soils. The evaluation
was not fimited to focal specific effects but included the effects on the community or regional
ecosystems. (eg. wateravailabilitytoKajiado)

Habitat mapping also commenced during the diagnostic period and covered the entire planning
- area, Habitat is used in the broad sense of: the place of abode of a plant or other organism,
incloding man. It is an environmental niche, within which, essentials for development and
existence are present (to a greater or lesser degree), This includes man made, physical, inorganic
structures. It is the combination of the physiographic site type, the biotic site type and human
artifacts. Different habitat types were identified based uponthe existing landscape components, ie.
amoumt, type, and crown density of cropland, pastures, trees, orchards, hedges, woodland,
thickets, and water related elements. Originally the habitats were toincludethe presence orabsence
of soil conservation structures. However, due to the poor quality of the 1986 photography the
structures were not identifiabie onthe photographs and were therefore not included.

The habitats were evaluated in two ways (see habitat evaluation chart). Firstly, an attempt was
madeto ascertainthe "buffering capacity” of the various habitat types against the negative effects of
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existing uses in the area. This was based on the influence of the habitat components on the site
productivityfactors. Theseincluded soilfertility, erosion, waterquantityand timing, microclimate,
species diversity, and necessary inputs. These are the same factors used in the impact evaluation of
the fand use systems, and, as the same physiographic site types and mapping units were used, a
spatiallyrelated correlation waspossible.

Although precise quantitative results were not possible given the scope of the present study, an
ordinal scale of the compensating effect of the habitats on the negative effects of the land use
system was used. Habitats were placed within one of five groups with increasing compensating
effect. In both the land use system and habitat evaluations, type related values are obtained and
mapped. As both the habitats and the land use sysiems are, by definition, related to the
physiographic site type, the environmental conditions within which the habitat components and
land uses are operating, are accounted for. Thisis necessary as the same components and land uses
have different values for different physiographic site types. Example: The value of & stand of trees
to soil conservation would be directlyrelated to slope angle and soil erodibility.

The impact ranked land use was then combined with the ranked habitats by numerical machine
methods. [n the evaluation matrix, (based on that of Auweck ef £/ 1979) land use sysiems with
increasing impact are placed opposite habitats withincreasing conservation function(see evaluation
matrix). A" theoretical compensation optimum" (Auweck era/ 1979) is sought where the impact
of the land use system is balanced by the conservation effect of the habitat. Following the numeric
overiays (the procedure was repeated for effect on: soil erosion, soil improvement, microclimate,
water availability, and species diversity and finally the total impact which encompassed all factors)
all land unitsfatl within one of three categories:

¢ safe ing ares - fessfavorable production conditions (including agricultural
& livestock uses)

2. Compromise ares - high degree of biological compensation effect with profitable or
acceptableproduction

3. Resource consuming area - highlevel of production with negative effects

The maps resulting from this process (one foreach factor plus one aggregate map) indicate the
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spatial distribution of lands with three levels of resource stability. Changes in either habitat
components, eg. vegetation, soil conservation structures, hedgerows, crown density etc. or
changes in the land use will be necessary for those areas classified as resource consuming if long
term production stability is to be achieved. These resource stability maps are most useful for
selecting potential intervention areas. If, for instance, water availability is seen as an important
issue, then those areas which are seen as presently resource consuming, should be selected as for
improvement. The procedure helps direct scarce development funds to those areas where they are
mostaeeded,

The various intervention options were, of course, modified by the findings of the farm surveys of
problems, aeeds, and opportunities. The farm surveys indicated the degree to which particular
needs are being satisfied by the existing land use systems. Deficiencies do not necessarily imply
resource degradation eg. the existing land use system may be ecologically stable but not providing
needed materials for cottage industries and building. Thevefore, the areas classified as resource
consuming were combined with those where the present land use is not meeting needs and

objectivestoyieldthe areasrequiring replanning.

The procedure alsoindicated the consequences of maintaining the stervs guo, atleastin qualitative
terms. [t spatially delineated those areas which can be expected to degrade if modifications are not
undertaken. The model does not provide quantitative information on ecosystem functioning at this
stage. However as post project research continues it may become possible to assign quantitative
values to the various types. A separate ranking of habitat conservation requirements was also
made, This was based on an assessment of the function, form, and condition of the habitat's
components, The importance attached to the various criteria used forthe evaluation wasrelated to
the sphere of vse. In the forest area particularly, the relative and absolute area of the habitat type,
and it's rarity in the habitat spectrum, was considered. Three levels of conservation priority were

assigned:

Conservation Priority 1: Those habitats requiring conservation of form and or function which
arelocationspecific. '

Conservation Priority 2: Habitats requiring special management (eg. to avert soil erosion ore
maintainaquiferrechargecapability)

Conservation Priority 3: Common orlarge scale habitats.

All mapping units will be assigned a conservation priority. This priority were used to determine
focations of conflict in the following planning stages and partly determined exclusionary uses in
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priority one areas.

Analysis of the diagnostic survey, as well as a review of the more general regional findings from
the pre diagnostic stage, yielded the problems and potentials of the area, at scales ranging from
intra-farmstead to regional. Design specifications for solutions at various scale were then derived
which lead to land uses and technologies that "satisfy the problems and meet the potentials "
(I.C.R.AF., 1983) of the land use systems.

A four hectare (200m x 200m) grid cell was the unit to which all information wasrelated. This was
to facilitate spatial correlation and machine sorting and analysis. Utilizing Omnis 3 database
management software, ageographic database was assembiedfor the area. Information on each grid
cell is avaitable simply by specifying the grid cell mumber (the mumber is the UTM coordinate
number for the south west corner of the cell). Future managers in the area can refer tothe system to
gather information specific to the grid cell such as soil type, slope, climate classification, existing
vegetation, crown density, existence of hedgerows, potential erosion, aquiferrechargeimportance,
conservation value, land use, and management type as well asthe impact of the grid ceil's land use
system, the safeguarding effect of the habitat and an integration of the two to yield the resource
stability (see appendix for sample print out). Although the computer disks are not included in this
report, they are availablefrom the University of Manitoba, Department of Landscape Architecture.

1.6.3. Design Stage

The specifications for the design of the land use systems shown to be in need of replanning, were
derived from the diagnostic surveys. All possible technologies and solutions that closely satisfy the
specificationsforthe selected systems were assembled.

Some of the design sofutionsthat meet these specifications, were required at ascales other than that
of the problem analysis. eg. Desiccating winds, identified as & problem, in the individual farm
surveys, may have a solution in a series of windbreaks extending far beyond the individual farm
boundaries. The management and solution to this sub-regional problem may be community based,
while the detailed design of the windbreaks occurring on-farm must respond to micro level
problems and opportunities. Thisis, of course, oversimplified, but indicates that the resolution of
problems at one scale (eg. farmstead) may be dependent on opportunities and constraints occurring
within the larger system (eg. regional availability of labour, water, communal grazing lands etc. )
Theinventory, analysis, and synthesis must reflect theserelationships. (Rochelean, 1984)

Alternative land utilization types were derived from local expertise, research bodies, government
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sources, previous work etc., while preference policies (planning objectives) were obtained from
the diagnostic surveys (bio-physical and socio-economic), the district and national devefopment
plans, various concerned government bodies, groups and individuals.

Originally, it was planned that representatives of interested parties (eg. development committees,
forest and agricultural officers, chiefs, sub chiefs, local farmers and others) would be asked to
assign an importance rank to each policy, for each of the land use systems. The aggregate vote of
all individuals was to be used to assess the importance of each policy to each land use system. The
planner was not to have a vote, but rather, to facilitate a clear exchange of information so that
informed choices could be made. Unfortunately, research clearance by the Kenyan government
was withdrawn [ate in the study, and thisintegral consultation was not possible. In order totest the
model, the importance values for the policies was assigned by the author and not, gs should have
beenthe case, bythe local peoples.

The fact that all policies did not apply to all fand use systems limited the necessary evaluations.
Exclusionary policies, restricting land use on a given land unit, (derived from the conservation
ratings, existing government policies as well as judgement of the pragmatism of proposed land
uses) were assembled at this time. The alternative land uses were then evaluated in a two
dimensional matrix against the weighted preference policiesfor each land use system to determine
the degree of policy satisfaction.

The policy importance value resulting from this process was multiplied by the degree of policy
satisfaction of each land use. All policies were evaluated in this manaer and yielded the aggregate
policy satisfaction for & given land use in a given system. This portion of the methodology was
heavily influenced by the LUPLAN model (examined by McDonald(1984) and based on the work
of Ive (1980) and is presented below:

Maximizesij = Elj * ZRijk + Vi

Where: i=12......... 1 =planning parcel or mapping unit
=12, m =feasible land use options
=120 p =preference policy whose satisfactionis tobe

maximized

E(E=0or1) = exclusionary policy proscribing given uses for
someparcels

R(O<Rxl1) = policy satisfaction rating or degree

A/ = policy weight or vote for a policy by given
individuals

S | = aggregate policy satisfaction for givenuseona

givenparcel of land
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A prime suitability map was then prepared based onthe use that best satisfied the policies for each
land unit and which was not eliminated by the exclusion rules. The prime suitability map reflects
the spatial distribution of the land vses which are most socially and environmentally suitable (asthe
palicy setis derived from those issues).

An siternative to this method would to prepare suitability maps based on policy weighting by
individual interest groups eg. the Forestry Department, family farmers, landless people. The maps
could then be overlaid to indicate areas of conflict and agreement between the various interest

groups.

Detailed recommendations were then written for the major management types, based on this final
analysis, as well as some location specific proposals. Examples of the proposals are provided and
include detailed agroforestry systems, and speciesand planting recommendationsetc.
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National &
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Data Plans

Policy Set

Pi..... Pa
Policy Satifaction by Policy Importaaceto
Laad Utilization Types Land Use Systems
LUT1...LUTa LUS1...LUSa

— =

Maximize Aggregate
PolicySatisiaction

1.6.4. : Follow up

Methods of implementation through existing programmes, organizations, and groups were be
explored and animplementation strategy proposed. Areasrequiring furtherresearch wereidentified
and the final report was compiled.




34

1L6.5 Semmary

The methodology of this project provided for an evaluation of the effect of existing land uses and
habitats onthe sustainability of site productivity. Asthe same criteriaand mapping units were used,
a spatially related correlation between the negative effects of the land uses and the compensating
effect of the habitats, was possible. A conservation priority rating was given to each mapping unit
based upon it's form, function and condition. In addition a diagnostic survey of selected landuse
systems was carried out which included detailed farmer surveys. Coupled with the land use /
- habitat evaluation model, the diagnostic survey indicated areas which require replanning as well as
the problems and potentials of the land use systems.

A policy set for each land use system was assembled and ranked in importance for each land use
system. This ranking was used to weight the final selection of feasible land uses. With this process
asignificant inputby local people and egencies intoboth policy generation and land use selection is
possible. The methodological approach isintegrative, inthat it responds not only to biotogical and
physical considerations, but also, to the social, cultural and economic aspects of the environment.
lrishoped that, inthisway, both conservation and development objectives may be achieved.
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2.1 THE NATIONAL CONTEXT

The Republic of Kenya, having a total area of approximately 582,646 square kilometers, lies
astride the equator in east Africa between latitudes 4° 30' North and 4°33' South, and fongitudes
34’ East and 42° East. It is surrounded by the Indian Ocean and Somalia to east, Ethiopia and
Sudan to the north, Uganda to the west and Tanzania to the south.

West of the hot, humid, eastern coasta! area of the country, lies very dry bush land, followed by
the savanna grassiands and well watered highlands. Kenya is bisected in a north-south directionby
the Great Rift Valley. In the south west the land descends from the western rim of the valley to the
Lake Victoria basin, while in the west and northwest it is followed by the rugged Mt. Elgon and
Turkana areas, respectively. The northeastern portion of the country is desert or near desert with a
notable lack of distinctive features. Central Kenya has a mountainous core dominated by Mt.
Kenya andthe Aberdarerange.

Kenya does not possess any significant mineral resources nor is it industrialized to any great
extent. The wealth of the country therefore rests upon it's land resources and these resources are
limited. Only 17% of the total land area or 99 050 square kilometers is suitable for rainfed
agriculture and this area supports 80% of the population. Forest land covers approximately 3% of
thetotat land area or 17479 square kilometers, although it must be stressed that thisisthe total area
classed as such and does not mean that the land is actualiy productive forest. Approximately 5% of
the country has been set aside for wildlife protection and tourism in the form of nationa! parks and
reserves. Total water areais 13 396 or 2.3% of the country. The remainder of the land is dry and
and only marginally productive.

Major urban centres include the capital Nairobi ( pop. 1 500 000 ), Mombasa, Kisumu, Nakuru,
Meru, Eldoret, Thikaand Nyeri.

2.1.1, Popuiation aad Employmesnt

The population of Kenya in 1987 was estimated st 21 824 650 based on the 1979 census and the
official rate of increase of 3.8 % per year. This may be uvnderestimated as the World Bank has
estimated the rate of increase at 4. 1% making it the highestinthe world. Theincreases are duetoa
combination of declining mortality rates and increasing fertility rates. The average number of
children born to women during their reproductive years has increased from 6.8 in 1969t0 7.9in
1979 while the crude death rate has fallen from 20 per thousand population in 1969 to 14 in 1979,
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The population structure indicates 51% is below the age of 15. (Gov. of Kenya, 1983)

The population structure and alarming rate of increase is putting added burdens vpon fand and
natural resources in addition to having serious socio-economic consequences. Despite steady
increases in Gross Domestic Product there has been an actual decline in per capita income due to
population growth. Similarly, although there has been a marked growth in employment
opportunities in the past ten years, the growth in the labour force has exceeded the opportuaities,
resulting in an ever increasing proportion of the population left unemployed. This, coupled with a
high dependency rate ( 40% of the population has to support the remaining 60%), creates an
untensble situationfor manypeople.

Although the national population incresseis listed at 3.8%, vrban increases are far beyond this rate.

Nairobi's population increase has recently been estimated at 10% which is putting ar enormous
strain onavailableresources.

2.1.2. Land Tenure

Land tenure is often complex in Kenya as three different systems are utilized. These are the
traditionat or customary system, the freehold system, and the leasehold system.

The traditional system is complex and varies greatly with ethnic groups. Common to many such
groups, was the idea that land was controlled by chiefs, family groups or clans. The coacept of
individual land ownership was absent prior to the coming of the white man. The freehold system
was introduced by the British and represents absolute possession of land by a group or an
individual. In Kenya freeheld tand is subject to the provisions of the Planning Law and Regulations
, Local Authority Bylaws, the Land Control Act and the Land Planning Act. There are no
restrictions on the amount of land an individual may hold in Kenya. Leasehold land implies an
absolute interest tn a parcel of land for & specified period of time. Regardless of the system of
tenure, all property is strongly protected in law and may only be acquired by government through
the Land Acquisition Act in the case of freehold and leasehold or by the Trust Act in the case of
traditionaltyheldiand. A
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2.1.3. Agriculture

Agriculture is the backbone of the Kenyan economy, and is responsible for over one third of the
Gross Domestic Product. Pastoral activities and smaltholder agriculture engage the majority of the
rural labour force for at least part of the year. Eighty seven percent of the population live in rural
aress and in most regions sgriculture is the only source of employment and there are few
alternatives. The agricultural sector provides most of the nationa! food requirements in addition to
earning significant amounts of foreign exchange. Many smaliholder plots, as well as the larger
private and cooperative commercial farms, produce such important cash crops as coffee, rice, tes,
cotton, pyrethrum, sugar cane, maize, wheat, sisal and horticultural products such as pineapples,
flowers and vegetables. The staple food in the country is meize and national production exceeds
demand in most years, allowing exports.

As much of the country is suitable for ranching, livestock production is significant and large
quantities of beef are exported to countries in Africa as well as the mideast and Europe. In addition,
there isa healthy dairy industry, particularly near large centres. The dairy market hasrapidly grown
and local productionis exceeded by demand, thereby encouraging expansion. Kenya also produces
large amounts of sheep, goats, pigs, and other agricultural products such as potatoes, beans,
cashew nuts, macademia nuts, onions, wool and leather.

Government objectives in the agricultural sector have been stated in the Fifth Development Plan
(1984-1988) andinclude the following:

e, increased food production, growth in agricultural
employment, expansion of agricultural exports, resources
conservation.

....... Most of the nation's food requirements must continue to
be met from domestic supplies and, therefore, a major strategy
of the Fifth Plan is to maintain broad self sufficiency in basic
food stuffs, At the same time agricultural export earnings will
be expanded by oting exports of fruits, hvestock and
horticultural prodgc?: coffee and tea . Agricultural
employment will be increased through more intensive
husbandry, including zero grazing for dairy cattle, and agreater
proportion of labour. intensive u‘clvlps and an expansion in
agro-industrial processing activities. Resource conservationwitl
be given a high tEnom:y through self help efforts, better
management of rangefands and promotion of labour
intensive techniques. Poverty alleviation will be approached
through the pursuit of employment, production and export
objectives rather than by concentrating on direct Government
action. " (Government of Kenya, {983)
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2.1.4, Forestry

v—

Although the forest reservations within the couatry are extremely limited, they are expected to
contribute to the nation in & multitude of ways. There are however, a sumber of constraints to
optimal forestry development, not the least of which is the conflict between potential uses of the
fand eg. foresiry and agriculture or grazing. Multiple use management plans are lacking for most
forests, as is the appropriate legislation to protect gazetted areas, resulting in over exploitation of
resources. The demand for particular products such as fuelwood has outstripped production,
resulting in serious resource depletion in many areas. Not only are the products in ever decreasing
sepply but the protection afforded to the environment by indigenous and/or well managed forestsis
diminished.

National forestpolicyobjectivesinclude:

e reservation of land for forestry purposes; protection of
forest resources; conservation and management of forests;
development of agroforestry; continued establishment of forest
estates; promotion of forestry and tree planting on identified
trust as well as on private lands; promotion of forestry for
public amenities and wildlife; ensuring continuing research in
forestry; and conducting mass public education on the value of
forestry” (Government of Kenya, 1983)

In order to accomplish these objectives the following strategies have been proposed by
government:

“New planting will be focused on private and communal lands
because the availability of state owned land is becoming a

*

constraint,

Planting on private and communal lands will serve multi
uses such as fuelwood, wood for other domestic uses and the
peeventionofenvironmental degradation.

Because arid and semi-arid regions ere the most vulnerable to
depletion of fuelwood these will be given special emphasis in
allocationof resources.

For the better control of exploitation of the existing forest

resources field staff will be increased and infrastructure 1n forest
areasimproved." (Government of Kenya, 1983)

Itisto be noted that the resources available to the country to supply industrial wood requirements,
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at least in the short term, appear to be adequate. The serious shortfalls are occurring in domestic
products such as fuelwood. To address this problem national efforts have been focused in such
programmes as the Forestry Plantation Development Programme, the Rural Afforestation and
Extension Scheme, the Local Afforestation Scheme, the Chief's Nurseries, the Keniya Woodfuel
Development Programme, the Kenyan Renewable Energy Development Programme and various

integrated development projects. They have met with varying degrees of success.

2.1.5. Tourism sad Wildlife

The tourism portion of the economy is strong and growing steadily. The capacity to generate much
needed foreign exchange is considerable and the government * has pursued an active policy of
involvement in all aspectsin theindustry” (Gov. of Kenya, 1983) The objective of the government
is to considerably increase the number of visitors, thereby increasing both foreign exchange and
employment. In order to realize this, new potential areas must be identified and these may be
considered for parks or reserves. This is in keeping with the stated policy of undertaking measures
“to conserve, protect and improve environment and wildlife” (Gov. of Kenya, 1983).

2.1.6 Basic Needs

The well being of the nation's people may be measured to some extent by the degree to which basic
needs are satisfied. The Government of Kenya has pursued a policy of fulfilling the basic needs of
the population. Given the rate of population increase, different needs have met with various
degrees of satisfaction.

Food aad Nutrition: Food is obviously the most basic of human needs. The availability of
different products has fluctuated since independence as noted in the following table. Although the
per capita availability of some products, notably milk, wheat, pulses, cassava, sorghum and millet
has fallen since 1970, others such as maize, beef, eggs, rice, sugar, fats/ails, and potatoes has
increased. The daily per capita nutrient availability has remained relatively stable and above the
minimum requirements recognized by the World Health Organization. Available protein hasrisen
since 1970. Although these average figuresimply that minimum requirements are being metfor the
majority of the population, disparity exists, and considerable numbers of Kenyans are faced with
insufficient nutrient intake. The government hasindicated that upto one third of the populationis”
exposed to the risk of deficient qutrition “ (Gov. of Kenya, 1983) The causes of this deficiency
have been identified as inefficient production and marketing, poor food habits, as well as
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insufficientenvironmentaicleantiness.

Table1.  National Per Capita Availability of Selected Food Items
(kilos/year-period averages) source: Gov. of Kenya, 1983

PRODUCT 1965-1970 1971-75 1976-80

Milk 74.8 56.0
Beef -
Mutton -
Pork -
Eggs _ 1.4
Poultry
Fish
Maize
Wheat
Rice
Pulses
Sugar
Fats/Qils
Potatoes

Cassava
Sorghum/Mitlet
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Table2. National Daily per Capita Nutrient Availability, 1965-1981
source: Gov. of Kenya, 1983

Period Calories Protein ( gm.)
1965-70 2412 62.9
1971-75 2453 65.6
1976-80 2385 64.6
1981 2428 72.6
Average 1965-81 2428 64.8

Skelter Rapid increases in population naturally imply the need for a comresponding increase in
housing. However, there has been a shortfall in housing over the last twenty years, particularly in
the urban poor sector. It has been estimated that 30% of the urban population live in unplanned
settiements (Gov. of Kenya, 1983). Despite the lack of adequate data onthe status of rural housing,
itis generally agreed that the problem in this area is one of quality rather than quaatity. The rural
households are expected to provide the initiative for improvement although some rural home
improvementloansare available onalimited basis.
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Health The provision of health services to the general population hasreceived much atteation and
considerable funding. The improvements have been dramatic with death rates dropping as noted
previously and the infant mortality rate dropping from 120 to 86 from 1963 to 1979. Life
expectancy at birth was 54 years in 1982 compared with 40 years at independence. There have
been considerable increases throughout the couatry in the aumber of hospitals, health centres,
dispensaries, and health workers.

Water The water supply situation figures prominently in both the health of the population and the
economic growth of the country. Efforts have been made to increase the availability of potable
water as well as decreasing the distances of water sources from residences. It has been estimated
that women in rural areas in 1975 ( it is women who draw the water in most of Kenya) spent
approximately one fifth of theirtime hauling water. Despite the government claim that " noregion
is more than 1.8 kilometers away from a water point" (Gov. of Kenya, 1983), this is clearly not
the casein many areas, although considerable advancers have been made inrecent years. The water
developmentobjectivesinclude:

(i) to provide afotable water supplies to all rural and urban
populations balancing these supplies between human needs,
requirements for livestock development and the needs of the
industrialsector.

{ii) the management of water resources to achieve multipurpose
development goals such as flood mitigation, kydro power
developments, irrigation and drainage, recreation and wildlife
conservation while minimizing deleterious environmental
effects.” (Gov. of Kenya, 1983)

A number of water development programmes exist including the Rural Water Supply Programme,
the Livestock Water Supply Programme, and the Water Conservation Programme as well as
government supportfor focallyinitiated self help projects. Water resource assessment and planning

is carried out for the five main drainage basins in the country by the Ministry for Water
Development.

Education The number of children aitending primary school has risen dramatically both in total
numbers and as a percentage of the total population. It is now estimated that 2% of eligible
children are attending primary school as opposed to 60% st independence. There has been a
corresponding increase in attendance at secondary and higher education institutions. However
serious problems still plague the system, not the least of which is a shortage of qualified teachers.
Pupil to teacher ratios in primary schools were 54:1 in 1981 and the percentage of untrained
teachersrose to48%.
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2.1.7. Development Strategy

In July 1983 a new thrust in development policy came into effect in Kenya. Known asthe District
Focus for Rural Development, the policy resulted in & shift in the initistion, planning, and
implementation of rural development projects from the centralized ministry headquarters to the
districts. The districts are now responsible for identifying and coordinating development activities
with the exception of those projects which span more than one district or have national
implications. Such projects remain the responsibility of the ministries involved. The District
Development Committee (DDC) under the direction of the District Commissioneris now the chief
body i charge of development and all projects are supposed to be coordinated through them, This
committee is comprised of the District Commissioner, District Development Officer, Ministry
Department Heads, Members of Parliament, Chairmen of Local Authorities, Clerks of Local
Authorities, Chairmen of Divisional Development Committees, Representatives of development
related parastatals, and non-government development related organizations. Central to the concept
of the DDC is strong local support for any project.

The District Focus is in concert with the stated theme of the current national development plan,
namely, " mobilizing domestic resources for equitable development ", The resources available for
rural development incfude ministry fands for district specific projects, multi district ministry
programmes, local authority and town council resources, local self help, the Rural Development
Fund, Evropean Economic Community Micro Projects Programme, as well as other special
projects and foreign funds. As economic pressures on the country increase, often beyond the
ability of the government to address them with traditionally acquired funds, more and more
emphasis is being put on the spirit of * Harambee " or self help.
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2.2 THE HISTORICAL CONTEXT

* When God had finished shaping the world he found he still
had dirt between his fingers. He wiped this off upon the earth
leaving the shape of the Ngong Hills."

" A giant who was running across Africa tripped over Mount
Kilimanjaro and in trying to save himself from falling crushed
the earth to the shape of the Ngong Hills with one hand."

“ Anenormous giant terrorized the land occupied by the Maasai,
consuming vast mumbers of their caitle for his normal
sustenance. Lo desperation the Maasai approached various wild
agimals for help, asking in turn the lion, the buffalo, the
elephant and the rhinoceros if they would rid them of this giant.
Each of these animals was unsable to help, but finally, when
they approached the ant, help was obtained. Whiist the giam
was sleeping all the ants in that part of Africa carried small
particies of earth and buried the giant leaving only the kauckles
of one hand above ground and these have since become the
Ngeng Hills"

(Maasai Legends Zz Robson, 1969)

The Ngong Hills have long been considered Maasai land and indeed there is indication of their
occupation of the area as early as the end of the seventeenth century (Harlow,1965). Evidence of
earlier cultures is lacking and there are no known significant prehistoric sites in the hilis (Leakey,
personal conversation). The mountain is known in Maasai both as Doenyo Lamuyu (after the
Maasai word Ilemuya " which is another name for the Enkidong'i or Oloiboni (ritual expert ) clan”
(Robson, 1969), and Oloo Laiserr, which refers to the group from which the Ofoiboni descended.

The Ngong area has traditionally been the frontier between the Bantu Kikuyu and the Nilo-Hamitic
Maasai. The relations between these two factions was, for the most part, hostile, and Ngong has
been the site of several "fearful massacres” (Thomson, 1885). It is to be noted however, that
agreements existed that allowed the women of either tribe to trade freely and in complete safety,
despite the almost constant war. (Hohnel 1888; Leakey, 19637) This is no doubt that this
contributed tothe intermingling of the twogroupsin later times.

Although the area was most definitely Maasai land, it was of great religious importance to the
Kikuyu people who believed that this was the fourth sacred mountain used by God as one of his
- dwelling places on earth (in addition to Mt. Kenya, Donyo Sabuk, and the Aberdares). The Ngong
Hills figure prominently in several Kikuyu prayers, including those at the dedication of sacred
trees, the asking of blessing in marriage, at family sacrifices, thanksgiving for survival or
childbirth, as well as invocations for rain. {Leakey, 19637) The mountain was known to the
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Kikuyu as Kiambi-ruirv, " the very black mountain “. This in reference to the dark appearance of
the hill whichis dueto the forest cover and shadows cast by the north-south orientation.

2.2.1, Land Use by the Maasai

The nomadic, pastoralist Maasai controfled and utilized an extensive area of land in what is now
Kenya and Tanzania. In Kenya this extended from the Tanzanian border to the foothills of Mt.
Kenya and inciuded much of the Rift Valley (especially the wooded grassland between the Mua
Escarpment and the Aberdares) and the Athi-Kapiti Plains. Moving their large herds of cattle in
accordance with grazing and climatological conditions, the Maasai managed the landscape in a
cooperative and extremely successful fashion until the advent of the twentieth century when their
cyclicmovementsbegan toberestricted by the colonzalist powers.

The well watered Ngong Hills were used primarily as & dry season grazing area. Only goats were
grazed on the upper sections of the hill, due in part to lack of adequate grass, but also because of
the presence of disease bearing ticks associated with the wild game. Cattle were restricted to the
valley bottoms and lowland areas where grass was more plentiful. These lower lying areas were
burned at least every three years to remove the coarse cured grasses and to encourage new growth.
Generaily, the burn was carried out at the end of the dry season, resulting in high temperatures and
comprehensive control of woody species.

The traditional land management was based on wet and dry season grazing areas. In very dry
years these areas would be pooled with the approval of the clans involved. However, in the
colonial period, withmovement restricted to an areathat the Maasai considered insufficient fortheir
needsand both cattle and human populstionsincreasing, these management options declined, anda
progressive process of resource degradation ensued.

2.2.2. Early Traders and Explorers

Although the Eygptians, Phoenecians, Greeks, and Romans had been aware of East Africa, it was
the Arabs, utilizing the seasonal monsoon winds to trade up and down the coast that were by far
the most influential. (King'oriah, 1980) The Portugese, starting with Vasco de Gama in 1497,
exerted their influence mainly on the coast, although their introduction of such foods as maize,
bananas and sweet potatoes had a far reaching influence on the diets of the indigenous peoples.
Competing with, and eventually forcing the withdrawal of the Portugese, the Arab traders ventured
inland with large caravans (often as large as 1500 men) with the primary aim of securing ivory and
slaves, The main caravan routes originated in what is now Tanzania and, if heading
northeastwards, invariably stopped in the vicinity of the Ngong Hills at Ngongo Bagas (Ngong
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meaning “the eye or source” of the Mbagathi River). Here, before continuing, they replenished
their provisions by trading with the Kikuyu. Leakey (1963) writes:

" Foreign traders came to this part of the country a long time
ago , but in those very early days they never used to enter the
confines of Kikuyu territory. Instead they would go to Ngong
and when they reached there they would fire guns as a signal,

When the Kikuyu heard the noise they would go over to trade

for such things as beads, cloth and brass wire............ the
name for these Arab and Swahili traders was
" (Leakey, 1963)

Then came the white explore:s and hunters. Joseph Thomson wntmg m!us book IMBMM

W&)nm t.he foliowmg whlie azthe Ngoag H:lis

reriiens at the base of a Kapte mountain named
ong Hﬂls) On the way I shot no less than four
t was really glorious fun to see one of these brutes
W ﬂle caravan before I gaveitit's gwerys” (Thomson,

Thomson describes the landscape as they reach the Kapte plateau from the Rift Valley at Ngong
Hills:

S a grand expanse of undulating country lay before us ,
the hollows knee deep in rich and succulent pasture, in which

peeped forth familiarly the homelike clover. The ridges were
covered with trees of moderate size, and markedly temperate in
their aspect, though splendid Cape calodendrons formed an
unwonted spectacle with their glorious canopy of fiowers. The
i aces of the woodland were filled up with a dense mass of
beautiful and fragrant flowering shrubs in great variety. These
open spaces were the hauats of large herds of buffalo, and the
feeding grounds of numercus elephants and rhinoceros, while
in the grassy reaches could be seen vast sumbers of elands,
hartebeests, zebras, and ostriches. " (Thomson, 1885)

Hegoes onto describe the killing of a sleeping Rhinoceros and then continues:

"After this feat (the killing of the rhino), an hour of marching
brought us to a beautiful depression, surrounded by wood
capped i dges and eaclosing a glorious bubbling fountain of
clear, cold water, which formed a charming pool in which
ducks swam and water lilies reclined in vernal beanty. This was
Ngoaio-a-Bagas, the eye or spring of the Bagas, one of the

ef headwaters of the Athi River of U-Kambani. A second of
greater dimensions, the Ngare Murju, meetsthe Bagasaalittleto
the east. It springs up, like the latter, in considerable volume at
the base of the eastern side of Donyo Lamuyu" (Ngong Hilis)
{Thomson, 1885) -
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These descriptions underline the fact that the hills were well vegetated and very productive both
hydrologically and faunistically. Ngongo Bagas has since been developed with aconcrete retention
structure and almost all the trees in the area have been cut. However, itis still the one of the origins
of the Mbagathi River and an important water source to local residents. Sadly, the last Rhinoceros
was seen in Ngong Hills fifteen years ago.

Count Samue! Teleki's exploring and hunting expedition to Africa in 1887-1888 passed through
the Ngong Hills area and Ludwig von Hohael, his companion, described the area as follows:

We are now on the eastern side of Doenye Lamuyo, and the
n:‘bghborhood was more hilly. The latter part of our march here
had been partly between luxuriant woods and partly across
beautiful meadows, or little watercourses fringed with soft
greengrass, all alike presenting amarked and defightful contrast
to the dreary waterless plateau of Kapotei.

We met with very few Masai and only saw natives in any
number when we passed two Kraals on the edge of the
wood....... many of the woman brought eleusine meal, tobacco,
sugar cane and ., which they had got from Kikuyu, and offered
to sell them tous." (Hohnel, 1887)

2.2.3.

Although the Ngong Hills have never been settled to any extent by foreigners, the European
expansion did have a tremendous effect on the area. This was due to the increased pressure placed
on remaining Maasai areas such asNgong which forced changesin traditional land management.

The mere presence of the Maasai in the Rift Valley was an indication of the suitability of the area
for ranching. This coupled with the fact that the railway followed the Rift Valley made much of
Maasai land attractive to foreign takeover and it was decided by the British that this would be
allowed. Charles Elliot, the Commissioner of the East African Protectorate in 1904 states in the
Kenya Land Commission Report 187 paragraph 642:

i as a matter of principle, I cannot admit that wandering
tribes have a right to keep other and superior races out of large
tracts merely because they have acquired the habit of straggling
overfar moreland thanthey canutilize."

Elspeth Huxley describes the attitude that was widespread among the white settlersat thetime::

“Civilization wasgood, savagery was bad. The logical corollary
of this was that anyone who Sfread civilization was doing right,
was confirming a belief on the people he helped
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civiliza....There could ba no quastion therefore, but thet the
white man was paramount and must remain so until the native
became - if ever he did - the intellectual equal of the European.”
(Huxley, 1935)

Within this context large areas of the Rift Valley were taken from the Maasai. Indeed, the size of
the acquisitions does lead one to wonder about the straggling the Europeans intended to do. At any
rate, the European interpenetration continued until the concept of native reserves arose. In 1504
two Maasai reserves were established; one in the north and one in the south. This was agreed spon
by certain leaders of the Maasai. In regard to the area around Ngong, the Land Commission Report
of the 1904 treaty p.572 states:

‘In addition to the foregoing, Lenans, as chief Laibon, aad his
successors, to be allowed to occupy the land lying in between
the Mbagathi and Kiserian streams from Do;zg:: Lamuyu tothe
point where both streams meet...." (KLC, 1904)

Although, it has been stated that the move of all people and stock to definite reservations was
voluntary, the unity of the Maasai in this respect is somewhat questionable. Nevertheless, the
agreement was to fast " for as fong as the Maasai as a race shall exist ." Seven years later the
agreement was 'renegotiated” and the northern reserve was much reduced in favour of an extension
of the southern reserve. Many of the northern Maasai sections found land in the south, often
usurping those who had iived there for many years. The exchange was certainly in the Europeans’
favour, as the quality of the rich grazing lands in the north was clearly superior to the dry lands
given in exchange. The white man's position in the Rift Valley was consolidated at the expense of
theMaasai.

In 1913 the southern reserve was divided into two districts with the headquarters of the new
enstern district located at Ngong until it's transfer to Kajiado in 1926. During this time the senior
Laibonin Kenya, Lenans, resided in Ngong. Some of the major Maasai clansin the areaatthetime
were: Lekokonyuki, Kaptai, Mataratu, Kangiri, Kisongo, Prugu, Roliaseri, Loita, Kekonyoge,
Purka, Loidogelani, Matobatu, and Rekisongo.

Perhaps the finest literary descriptions of the landscape of the Ngong Hills in the first third of this
century are offered by Karen Blixen, a Danish writer and author of the autobiography Out of
Africa She livedin close proximity to the hills from 1914 to 1931. The following quotation givesa

superb image of the land during this period:

From the Ngong Hills you have a unique view, you see to the
souththe vast plains of the great game-country that stretches all
the way to Kilimanjaro; to the east and north the park-like

of the foot-hills with the forest behind them, and the
undufating land of the Kikuyu Reserve, which extends to
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Mount Kenya a hundred miles away - & mosaic of little square
maize-fields, banana-groves and grassland, with here and there
the biue smoke from a native village, a small cluster of peaked
mole-casts. But towards the west, deep down, lies the dry,
moon-like landscape of the African low couatry. The brown
desert is irregularly dotted with little marks of the thornbushes,
the winding river-beds are drawn up with crooked dark-green
trails; those are the woods of the mighty, wide branching
mimosatrees, with thorn like spikes; the cactus grows here, and
hereis the home of the giraffe and the rhino.

The hill-country itself, when you get into it , is tremendously
big, picturesque and mysterious, varied with long valleys,
thickets, green slopes, and rocky crags. High up, under one of
the peaks there is even a bamboo-grove. There are springs and
wellsin the hills; I have camped up hiere by them.

In my day , the buffalo, the eland and the rhino lived in the
Ngong Hills; the very old Natives remembered a time when
there were elephants there, and I was sorry that the whole
Ngong Mountain was not enclosed in the Game Reserve, Only
a small part of it was Game Reserve, and the beacon on the
southern peak marked the boundary of it. When the colony

and Naircbi, the capital, s into a big city, the
E;osﬁgm Hills might have madcgmatgl:io::s %ame bigfor?:. But
during my last years in Africa many young Nairobi shop-people
ran out into the hills on Sundays, on their motor-cycles, and
shot at anything they saw, and I believe that the big game will
have wandered away from the hills, through the thorn-thickets
and the stony ground farther south.

Up on the very ridge of the hills and on the four peaks
themselves it was easy to walk; the grass was short as on a
lawn, with the grey stone in places breaking through the sward.
Along the ridge, up and down the ridge, like a gentle
switchback, there ran a narrow game-m. emorning, etthe
same time that I was camped in the hills, I came uvp here and
walked along the path, and I found on it fresh tracks and dung
of aherd of eland. The big ol animals must have been up
on the ridge at sunrise, walking in a long row, and you cannot
imagine that they had come for any other reason than just to
look, deep down on both sides at the land below. "(Blixen)

2.2.4. 1930 to the Present

During this period the numbers of Kikuyu people in the Ngong area began to expand. This wasin
part due to squatting by Kikuyu as well as intermarriage with Maasai men. Bride payment to the
Kikuyu families was often in the form of land. In addition, permission to cultivate was
occastonally given by individual Maasai. The Colonial Secretary, H.M. Moore, referring to the
Land Commission Report of 1933, stated;
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"2. Experience has showsn that it is impossible to keep the
Kikuyu out of the Maasai Reserve, even 1f it is desirable to do
so, and | am only concerned with the regularizing of their
occupancy of those parts of the reserve into which they have
penetrated.

3. Section 662 refers to the precarious nature of their temure.
Kikuyu living at Ngong by a legal fiction are on Forest Squatter
Agreements. I am practicafly certain that these agreements are
invalid, but provided that some substitute can be devised for
them, it is in ev 's advantage that the Kikuyu should
remain there. h;‘%g;‘gzetochangesinthel.and Commission
Report. Temure, lease areas etc............ I greatly doubt if the
Maasai will ciate the reasons for any change, but they of
course should be told. They are almost certain to object to any
change, and I would again stress the necessity for overriding
powers."” (Moore, 1933)

By 1937the District Officer at Ngong, summarizing the Officerin Charge, Maasai, wrote:

TSI altho’ interpenetration was recommended by the Land
Commission Report, the Kikuyu immigration has increased so
rapidly, being subject to no effective controf that Ngogf. an
areah%hiypnzed y the Masasai but vacated on accouat of East
Coast Fever was in danger of becoming a Kikuyu settlement.

The Maasai were anxious to use the Ngong erea, their only fear
was that East Coast Fever would kill off their stock. They
would make better use of the land in Ngong than the Kikuyu,

and moreover Lh% were the rightful owners of the land."
(District Officer,1937)

Inthe same yearthe District Officer presented a plan for the development of the Ngong Areaby the
Maasai in which he states " Now that the Kikuyu have been ejected from the Ngong area..."
(District Officer, 1937) In the plan he outlined possibilities for mixed farming, dairying and
ranching. He suggested the demarcation of small holdings of approximately twenty acres although
he notes that if the ares would ailow larger holdings then the size shoufd be increased. The division
of the holdings were to be &s follows:

.......... 15acres
L 4 acres
Homestead...1/2acre
Trees............ 12acre

............. It is suggested that the fifteen acres of grazing be
planted with Rhodes grass or Paspalim, this would support five
cows. The area would be paddocked, wattle seed being planted
along the lines of division and bush being vsed asfencing until

such time as the wattle grew large enough to les or
wire. Later these wattle poles would be useful for ggaldmg
whenthinaing became necessary.

......... On the four acres for cultivation, fodder crops, maize,
potatoes etc. could be grown" (Johnston 1937)
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The planalsoincludedthe encouragement of dairying and the provision of facilities for milking and
the curing and storage of hides. Cattle dips and fencing were alsoto be constructed. It isinteresting
to note the input to this plan by the Agricultural Officer at Ngong. A copy of his memo to the
District Officer in included in the Appendix. Had the recommendations which he put forth,
including watershed protection measures, fodder production, small dam construction, firewood
plots, controlied grazing etc., been implemented, the Ngong Hills might have had a brighter
history. Very few of the recommendations were ever realized, due in large measure to a lack of any
input by the indigenous peoples. This insensitivity not withstanding, it is noteworthy that many of
the problems and possible solutions facing the Ngong Hills today were recognized fifty years ago.

A brief description of the vegetation on the hills was found in a 1937 government memo on East
Coast Fever: ' '

“ The hills themselves do not support a large permanent
population but are used for grazing by the local herds. From
gbout a mile outside the Boma along the old Kajiado Road the
lower slopes are densely bushed for a distance of some five
miles while the gullies running dowsn from the parts are
also bushed and in many places support trees." EAgnculmraI
Officer, 1937)

The recognition of the obvious problems continued, together, it appears, with a lack of any real
successin dealing with them. Both the District and Provincial Agricultural Officers writein 1951:

“ Although advice and warning and instructions have been
given at frequent Baraza, little or no notice is being taken. I
ound several new shambas ol}ened up, alf on slopes
where grazing is excellent...... he speed of the ox ploughing
greatly exceeds the ability of ordinary hand labour to dig and
magintain terraces or 10 employ satisf: cultural methods.
First class grazing is rapidly being lost and [ feel that & system
of mining the land by absentee and other owners is gradually
becoming a menace which must be stopped.” (District
Agriculture Officer, 1951)

"As you know I was seriously perturbed at the vast increase in
cultivation on the s! of the Ngong Hills......... 8 large
portion of these algasy had no right to cultivate.” (Provincial
Agricultural Officer,1951)

Meanwhite the problem of Kikuyu in the area continved. There are references in government
memosto & large Kikuyu/Maasai battle in the area in 1947 but no details on the subject were found.

The government seemed to have had conflicting policy on the Kikuyu issue. In 1947 the District
Commissioner of Kiambu removed all Kikuyu from Kibiko and several of these were resettled in
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Ngong where they were required for the cultivation of large shambas. This is in contrast to the

policy of & "closed district" which wasreiterated in 1949 in the following memo:

" The matter of illegal infiltration of Kikuyu was discossed and

it was again stressed that no Kikuyu, or other alien, is allowed

to settle in the reserve without the permission of the Local

Native Council, and that animmediate report should be made if

there was any such person. ...... the practice of individual

?dg?gm giving permission must stop. " (District Officer, Ngong,
)

In conversation with local Maasai elders it became apparent that the situation with the Kikuyu wasa
cyclic one beginning with illegal squatting and those who received land for bride payment. Many
Kikruyu were subsequently ejected from the area only to return in greater numbers. The final cycle
seems to have begun around 1957 when land demarcsation started in the area. Demarcation was
accelerated after independence in 1963. Land was distributed mostly to Maasai and many of the
Kikuyu were forced out at that time. However, with demarcation and title deeds came the right to
sell, and since thattime many people have sold theirland. Most of the settlement inthe area hasbeen

inthe pasttwenty years.

The east side of the Ngong Hillsis now predominantly Kikuyu, albeit with many remaining Maasai.
Maay of those who bought or received land since demarcation have subdivided it, and the average
holding is now about seven acres with almost the entire east slopes (excluding the Forest Reserve)
devoted to cultivation. An act of Parliament restricted subdivision size to a minimum of two acres.
However, approximately 23% of the farms on the eastern slopes are less than two acres. Land
demarcation in the Rift Valley portion of the study area was completed by 1980 and most land
bolders have title deeds for their land which ranges from 100 to 300 acres and the people have
adopied a sedemtary lifestyle. Thetraditional Maasai way of life is overin the Ngong Hilis.

[llegal occupation of land continved throughout the hills after demarcation. On the 1978 aerial
photography, buildings and clearing are scattered throughout the upper slopes and are present even
onthe ridge top. Serious forest clearing occurred and the evidence of this activity is still present in
the form of pioneer and invader species. Wisely, the Government of Kenya, recognizing the
hydrologic importance of the Ngong Hills, declared the present forest reserve, gazetted forest land,
under proclamation order Number 90 in 1985. Those residing in the forest were removed. Included
in the original concept of the forest reserve wasthe ides of resettling those fandless people who had
been in the forest, along a 400 meter strip on the inside of the reserve boundary. However, this
proposal met with many problems and was withdrawn by the government. In the meantime
however, several families moved into the boundary land, where theyremain to this day.
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The history of the Ngong Hills has been one of centuries of relative equilibrium followed by steady
and relentless decline in the face of external and internal human pressures. Perhaps the most striking
feature of the environmental degradation of the area has been the swiftness with which it has
occurred. It has, after all, been less than thirty years since most plots were demarcated. It can only
be hoped that this decline will soon be arrested and reversed, providing a stable platform for the
future.




Chapter 3 The Bile-Physical BEavireament
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3.1 GEOLOGY

The Ngong Hills are one of the most dominant topographic features of the Nairobi area, rising to
an elevation of 2461 meters (8074 feet). They lie about tweaty kilometers southwest of the city
centre, immediately to the south of the Kenyan highiands (see location map). The hills form an
impressive asymmetric ridge, approximately thirteen kilometers long and five kilometers wide.
They are oriented slightly to the west of north and sit astride a major scarp on the eastern shoulder
_ of the Gregory Rift Valley. They represent the eroded remnants of a former volcano, or string of
volcanoes, thatpreviously measured overelevenkilometersindiameter.

3.1.1. Previows Geological Work

Very little detailed geological work has been carried out specifically in the Ngong Hills, but the
more general area has received attention. The first to give an account of the geology of the eastern
rift valley was the German E. Suess who described it following his trip to the area in 1892. The
now famous accounts of J. W. Gregory, after whom the Gregory Rift Valley is named, were
published after his safaris of 1893 and 1919. He mentions the basic Ngong [ava formations in his
1920 publication. He published several papers onthe geology of the Rift Valley.

The geologists E.E. Walker (1903), G.L. Collie(1912), and Krinkel (1925) also made mention of
the geology of the Nairobi area following trips to the region. Bailley Willis made & study of the
Gregory Rift Valley in 1936. N. L. Bowen studied fine grained lavas from the Nairobi area and
used these to iflustrate his work "Petrology's Residue System" (1936)

H.L. Sikes (1939) made detailed surveys of the underground water resources of the Nairobi area
during his work with the public works department. This work necessarily referred to the geology
of the area with some reference to Ngong flows. This work was further refined and added to by
E.L. Gevaets in the publications of the ministry of Works in 1969 (updated in 1970). William
Pulfrey(1948) examined stone deposits of Ngong and Joubert included Ngong deposits in his
report on building materials, F.J. Matheson(1966) worked in the southern end of the area while
preparing the geologicalreport for Kajiado.

Other more general works onRift valley vulcanism include that of Nyamweru (1983).

The most detailed work in the area to date hasbeen that of E.P.Saggerson, (1971) the former chief
geologist of Kenya. This included an extensive report as well as mapping at 1:125000. The work
(withthe exception of the map) remainsunpublished however.
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3.1.2. Topography

The topographiy of the Ngong Hills reflects the asymmetrical nsture of the overall landform. The
hills represent the eroded remnants of a former volcano, or string of volcanoes, that previously
measured over eleven kilometers in diameter. The volcano was bisected by a major north - south
trending fault and the western half was down thrown several thousand meters and now lies beneath
the floor of the Rift Valley buried under subsequent Limuru type lava flows. This down thrown
section has been subject to repeated faulting as a result of rejuvenation of movement along the
previous faults. The steep, boulder strewn western slopes have an average grade of over 25
degrees and are in marked contrast to the moderate slopes of the eastera fiank which steepen
towards the summit. The eastern portion is thdught to represent the original undeformed lava
surface that has been subsequently altered by water erosion { no less than fourteen tributary valteys
may be counted). This suggests that the volcano had achieved a considerable height (much higher
thanit's present elevation) before the presently revealed lavas were laid down. The coavex ridges
and tributary valleys are moderately sloping with occasional steep sections. (See Slope and Relief
Maps)

3.3 Summary of Geology

It is generally accepted that the geologic history of the area has been dominated by rifting and
vulcanism associated with tectonic movements. In fact much of the fandscape of East Africa has
been the result of the processes of faulting and volcanic activity (Nyamweru 1983). The formation
of the Ngong Hills in particular is best understood in the context of the overall system of which
they are a part, namely the East African Rift System.

The Africanrift system stretches from the Afar depressionin northern Ethiopiato the mouth of the
Zambezi River in Mozambique with a total length of 5600 kilometers. The Rift system is a
depressed and faulted zone running across the African continent and is very prominent in some
areas. Consistent with the theory of plate tectonics, it i3 an area of extension and crustal
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instability. Gradually, the land on the eastern side of the rift is moving eastwards away from the
mass tothe west. The land mass of Africais splitting apart along the Rift system and volcanic rock
from below (often basaltic) issues forth to fill the resultant void. This is precisely what has
occurred in the formation of the Ngong central volcano which is associated with the eastern rim of
the fault zone. It's several outpourings of lava were both preceded and followed by tectonic
movements, Withthe exception of the Ngong volcanoand it's associated satellites of Ol esayeti and
Ngoroi no other ventsin the immediate vicinity have been found or inferred and it is thought that
the majority of the lava in the Nairobi area of the Rift has been derived from fissure types of

eruption.

Study of the fracture zone of the Rift indicates that the Ngoirobi fauit and the north - south Kedong
Tault are the two major fault lines. These have helped form the steep walled, impressive features of
the Ngong Hiils. The geological history of this area of the Rift system has been of normal fauniting
and subsidence with local tilting of small blocks. These have often been accompanied by
sub-parallel fauits. Saggerson (1971) noted the following three periods of faulting occurring inthe
Nairobi area of the Rift system:

"1. Major faults formed before out pourings of volcanic rocks when the generally north -
southfracture pattern wasestablished.

2. Grid faults formed in the mid Pleistocene at the close of the main volcanic episode.
3. Cross faults and minor faults that have affected all other structures.”

When the Ngong volcano subsided into the Rift it appears that the most elevated part of the area
was associated with the largest single displacement. The cause of this great subsidence was due
both to the accumulation of extruded material on the surface, as well as the structural weakness in
the deep zone of continuous tension. H.L.Sikes (1926) describes the subsidence as follows:

..... the former highlands comprising the major centres of dispersion of the group Il series (Ngong
Basic Series) were down thrown along the Ngong main fault and the Ngong cross fault, forming a
basin into which the lavas of the fourth group subsequently flowed from the northward. It is clear
that the formation of the basin occurred in the region where the volcanic ejecta of the second group
of vulcanism was accumulated at it's greatest thickness - namely over the vents which gave rise to

Despite the fact that this is a dated description and rock series names have changed, later authors
appear in agreement with it's substance (Gevaerts 1970, Saggerson 1971).
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Although the topography of the hills indicates the focus of the eruvptions was along & north - south

line, it is very difficult to determine whether the several peaks that form the horizon today were in
fact volcanic centres, or if there was but one massive centre and the undulating ridge line is the
result of subsequent erosion. The actual volcanic vent has not been located but detailed mapping
of" the stratified lavas, tuffs, and agglomerates with pyroclastic ejectamenta predominating in the
western face may reveal the necessary evidence"(Sikes, 1939) One vent hasbeen confirmed; that of
& "minor eruptive centre at Kandizi where ultrabasic lavas" (Saggerson,1971) have exited the
Ngoroi vent. Maay flows have issued from the Ngong volcano and can be recognized where they
have created spurs on the eastern aspect of the mountain. The steep western side is deeply dissected
and strewn with scree and boulders making individual bands difficult to see.

The rise to the rift, as the shoulder of the valley is approached from the east, is due not only to the
accumulation of volcanic rock from mumerous eruptions along the edge of the system, but also, to
the vplifting and doming of the earth's surface that took place prior to the original faulting. The
central voicano of Ngong erupted in association with the formation of the Gregory Rift valley. The
volcanic rocks began accumulating in mid-Miocene times and continued iato at least the vpper
Pleistocene. (Saggerson 1971) Subsequent to the main period of volcanic activity, strong normal
faulting occurred resulting in the dissection and down thrusting of the western portion of the
volcano and it's burying by Limuru trachytic lavas as previously described. Subsequently this too
was faulted resulting in the formation of grabens to the west and east of the main ridge (see
section). These troughs were formed between near paralle! faults. The sections show relatively
small scale grabens while the Gregory Rift Valley itself exhibits typical graben form on & grand
scale.

3.1.4 Details of Geology

The rocks of the Ngong area consist mainly of lavas and pyroclastics of Pliocene age which have
been laid down over an eroded and slightly undulating system of crystalline basement rocks. The
composition of this Precambrian foundation of largely schists and gneisses from within the
Mozambique belt, indicates that they were metamorphosed by earth movementsinvolving folding,
probably more than 500 million years ago. It is believed that they were mainly sediments that
metamorphosed to their present condition due to the combined forces of intense heat and pressure
aswell asthe intrusion of granitic material.

Rocks of a similar nature form the crystalline basement system covering much of eastern Kenya.
Boreholes in the area indicate that the surface of this material was undulating and had been subject
to erosion prior to it's burial by later depositions. These crystalline rocks are rarely exposed,
particularly in the Ngong area where they are below hundreds of meters of lava. However they
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have been found in some of the lavas extruded from the Ngong volcano and now exposed in the

Olohia area. These contain fragments of hornblende and quartz feldspar gneisses and indicate that

the ancient metamorphic rocks were "penetrated at depth during the formation of the Ngong

vent."(Saggerson 1971). No other lavas in the area have been found to contain fragments of

precambrian rock of such size as found in the Ngong agglomerates.

Betweenthe late pre-Cambrian and Tertiary timesthegeological record for central Kenyaislacking
with the exception that following the folding and metamorphism of the basement system, the area
was subjected to various erosion cycles that resulted in the formation of a peneplain. The history of
deposition during this period has been lost and it is not until the Pliocene that & clear record
emerges. It was at the beginning of this period that the deposits of Athi tuffs and lacustrine
sediments were laid down. These two types of materials, although of a very different pature, were
grouped together by Shackelton(1945) and subsequent scholars have maintained this classification
(Saggerson 1971). Thisis probably because the extent of the interbedding of the lacustrine material
and the pyroclastics and tuffsis unknown asborehole evidence in the areaisincomplete.

Volcanic activity began to play a major role in the area starting with the outpourings of Kapiti
phonolite onto the already eroded peneplain in the late Miocene. These deposits abut the Ngong
area but do not extend over it. Inthe early Pliocene Mbagathi phonolitic trachytes, originating in
the Ngong volcano, covered the Athi tuffs and lacustrine deposits. The thickness of the flows
(there appear to have been two or three) varies, with the maximum accummulations occurring
nearest the source on the shouider of the Rift. This lava was typically brown or greenish brown to -
pinkish brown. It often exhibits striking feldspar laths set in a grey brown matrix. The outward
flows were of a relatively uniform thickness and boreholes in the Karen - Langata area show
thicknesses of this material ranging from 250-400 feet. . The eastern extent (near Kabete)is marked
by erosion scarps.

Aftereach period of volcanic activity there followed a period of relative dormancy during whichthe
pressure built, firing later eruptions. The subsequent deposits areto varying degrees interstratified
with weathered pyroclastics. The majority of all the Ngong eruptions occurrediin the late Cainozoic
period over a duration of about 12 000 000 years.

Kandizi phonolites of a dark blue to black colour overlie the Mbagathi phonolitic trachytes. These
probably also had their origin in the Néong vent. They formed a lava apron around the northern
and eastern flanks of the voicano. This flow extended across the Karen area where it is finally
hidden beneath subsequent flows of Nairobi phonolite of different origin.

The Ngong basalts which were laid down overthe Kandizi phonolites have been differentiated into
upper and lower basalts by Gevaerts(1970) although he admits there is no hard evidence to support
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this and the presence of the older lower basalts is only inferred. Saggerson (1971), however, has
mapped the Ngong volcanics in a more detailed fashion. He states that the ofdest Ngong lavas are
probably those encountered in boreholes in the Karen - Langata area where they have been noted
between Nairobi trachyte and Kandezi phonolite. In terms of exposed lavas found at Ngoroi,
however, the basic lavas clearly overly both the Mbagathi phonolitic trachyte and the Kandizi
phonolite. Later flows from the main Ngong vent(s) cover the floor of the Kandizi valtey and reach
Ngoroi. The extent of the Ngong lava apron has been clearly shown by borehole information.
While thousands of feet of lava have accomulated on the shoulder of the Rift the thickness dropsto
67 meters (220 feet) at Mbagathi Springs and to 20 meters (66 feet) at west Langata. The lava was
absentimmediately east of this point.

The Ngong tavas are typically dense blue-black to biack with yellow amygdaloidal varietiesin the
northwestern flows. They form a group of lavas which range from ultrabasic to basic and consist
of the following typesthat are listed in stratigraphic order (Saggerson 1971):

1. Basanites, tephrites, at{antites, andtannbuscites(Lamwia, Wirelessstation)
2. Basanites (eastern slopes)

3. Tephrites{Ololva and Ol Keri)

4. Basanites (Ol Keri)

5. Tannbuschites, me{anephelinitesand ankaratrites(Ngoroi)

The western slopes below Kipruti are formed of tephrite overlain by basanites but their location in
the geological sequence is imprecise. The foregoing main rock types are of variable makeup and
range " from basanite to nepheline on the one hand and tephrite to atlantites on the
other"(Saggerson 1971). On weathering most form distinctive rocks, a fine example of which is
found near the Magadi road where melanocritic basanites containing titanaugite crystals can be
found.

Basanites are the most common rocks of the Ngong area. They form not only the most easterly
slopes of the volcano at Of Keri and Kiserian but also the upper slopes of the hills, The lavas were
basic, alkaline and contained olivine and are often found interbedded with tephrites. At Kipruti,
which is the most northern extension of the flows, both atlantites and melanocratic basanites have
beennoted. Augititesand nephelinite flows are alsorepresented.

Detailed mapping has confirmed Ngoroi as the site of a former volcanic vent on the southern bank
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of the Kandizi River near the Kandizi stone quarries. Ankaratrite (biotite-olivine melanephelinite)

and tannbuschite (feldspar bearing melanephelinite) form the small conical hill found onthesite. It

was from this vent that ultrabasic lavas were extruded onto an eroded surface. The ankaratrites are

strongly porphyritic and contain olivine in sizes up to 1 cm. in length which frequently has an

orange alterationrim aroundit composed of alterations varying from serpentinetochlorite.

Tannabuschites, & similar rock, is found in the lava flows to the east of the Magadi road as well as
on the north bank of the Kandizi River. These are very similar rocks to the ankaratrites with the
major difference being the presence of feldspar. Just to the east of Ngoroi there is a deposit of a
particularly melanocratic rock composed of copious amounts of titanaugite and olivine phenocrysts
set ina fine grained ground mass,

The basanites are dense blue black rocks that often contain phenocrysts of brown pyroxene up to 1
cm. inlength setin a fine grained ground mass of augite, magnetite and nepheline, These rocksare
extremely variable and contain greater or lesser amounts of feldspar, biotite, analcime, olivine,
chlorite, serpentine and titan augite, Specimens that contained very small proportions of nepheline
werereferred to asatlantites.

Almost continuous exposures of tephrites occur along the eastern margin of Ngong from the
Veterinary Station in the north to Kiserian in the south. Similar rocks are displayed on the steep
western scarp. The tephrites are similar in character to the basanites but do not contain the mineral
olivine. However, tephrite does contain phenocrysts of orange brown barkevikite. The rocks vary
inthe amount of feldspar present and are less basicthan the basanites,

Only a few dykes have been reporied in the area. Sikes (1939) reported two vertical dykes,
composed of Basanite and basanitoid, that were exposed on the western slopes. Saggerson (1971)
also found "thin tephritic dykes. ... .inthe Kandizi Valley associated with the Ngoroi vent. "

3.3 Semmary

In summary the geological history of the Ngong Hills has been dramatic and has resulted in
impressive landforms. Volcanic eruptions produced a series of alkaline lava flows and associated
tuffs which began accumulating in mid-Miocene time and continued into the Pleistocene. This
activity occurred during aperiod of fanlting and crustal instabilityin thetime of the formation of the
Rift Valley. The resuiting formations, modified by various processes, are now affecting the lives of
the people making use of the land. The fertility, drainage, stability and ultimate productivity of the
land has as it's fundamental basis, geological processes set in motion millions of years ago. It is
this violent process of rifting and outpouring of lava that has given the Nairobi area it's most
prominentfeature,
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3.2, CLIMATE

The climate of the Ngong Hills must be considered in the context of the more general weather
patterns existing in East Africa as a whole, Therefore, this section will first examine the general
meteorological conditions prevalent throughout Kenya, and will then look at the more specific
conditions of the Kenyan Highlands. Finally, the detailed meso and microclimatic patterns of the
Ngong Hillsthemselves will be discussed.

The importance of a thorough climatological understanding of an area considered for landscape
planning, cannot be overstated. This is particularly true in the highlands of Kenya where weather
patterns are extremely variable, often within very short distances. Winds, rainfall ( timing,
quantity, intensity, variation), and temperatures are dependent to & large degree on elevation,
aspect, topography andvegetativecover.

3.2.1

Findlater (1973) has noted that the seasonal weather patterns and general atmospheric circutationin
East Africa " is not completely understood " and that generatizations can be misleading, as the
effects of local modifiers may be dramatic. However, such generalizations are necessary to provide
aoverall understanding of the conditions.

The trade wind systems from both hemispheres converge on the equatorial trough. Low level
winds move towards this trough and produce significant upward movement which in turn feads to
condensation, cloudiness and precipitation. This intertropical convergence zone lies close to the
"overhead position of the sun" (Findlater,1973). This zone determines the rainy seasons by it's
annual movements which follow the sun between the tropics (with a lag time of about five weeks).
Although ascent inthis zone generally leads to precipitation or cloudiness, Cocheme (1973) writes
" Although the intertropical convergence zone appearsto determine the rainy seasons by it's annual
movement, it must not be thought of as 2 moving belt of rain but rather as a moving zone within
which, orinthe vicinity of, some of the mechanisms which produce rain operate more effectively”.
Therecentrainfailuresin Kenyaunderline this statement.

The convergence zone follows the path of the sun and lies approximately above the tropics at the
solstices, while it is above the equator at the equinoxes. Asrainis associated with the convergence
zone, there are generally two such seasons near the equator (as the trough passes it twice a year),
while there is only one at the tropics. Generally speaking, rainfalls are at 8 maximum when the area
is closest to the convergence zone, and at a minimum when at the furthest distance. This simplistic
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explanationis, of course, greatly modified by local conditions ie. altitude, and geographicfeatures.
Findlater{1973) notesthat themeridional orientation of the east Africancoastline and hightand areas
has given rise to winds that are more meridionally oriented than most other equatorial areas. This
has caused some distortion of the convergence zone resulting in areas of divergence or enhanced
convergence. This distortion has been used to explain the existence of the arid area of eastern
Kenya, whichis one of the few equatorial areas with sparce rainfall,

In Jamuary, the zone of convergence and the associated increase in rainfall, is found south of east
Africa. At this time the rains are beginning in southernmost Tanzania. Studies of surface pressure
have shown that while the flow is convergent on the areas to the south, it is divergent in areas to
the notth, notably Kenya, Somalia, and parts of Ethiopia. (Findlater,1973). By late March or early
April the rains have moved northwards into northern Tanzania and Kenya and the divergence from
northeast Africa is lessened, with an accompanying drop in wind speeds. The most northerly
position of the rain belt is reached in July, when it influences the highlands of Ethiopia. The south
easterly monsoon, which blows from April to October, has little effect on rainfall in Kenya at this
time, as the the flow is not generally subject to convergent lifting. This south easterly flow may
however, be influenced by orographic lifting and occasionally gives rise to cloud and precipitation
on wind facing slopes. In October and November the rains begin their move southward and start to
affect Kenya. The winds shift more to the east and northeast. Asthese are more convergent, lifting
occurs and precipitation increases, at first on the coast and then progressing inland. The cycle is
completed by Januvary.

Although giving a general picture of the climate of the area, this explanation does not adequately
account for the great variation that occurs throughout the area. Variations in seasonsal and yearly
rainfall totals are common and can be partially explained by large scale circulation changes. Inthe
drier areas of Kenya, long term monthly rainfall means are not always a good guide to expected
values, as reliability of the rains is often low. Furthermore, local variations within very short
distances are common especiallyinthe hightand areas.

3.2.2.

The climate of the Kenyan highlands has been described by some as the finest in the world in terms
of human comfort. While this may be true, it is nevertheless, highly variable over both time and
space. Itis this fact that is of great concernto farmers in the area. The variability may be traced to
several factors, including elevation, aspect, vegetative cover, and topography, although altitude,
morethan any other, hasthe greatest effect, asit strongly influencestemperature and rainfall,
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Without a doubt, the single most limiting climatological factoris rainfatl. The vast majority of the
rain falls within the two rainy seasons which occur between the monsoons; April to May aad
November to December. These two periods are known locally as the "long" and "short" rains,
respectively. This bimodal pattern is particularly strong in the Nairobi (including Ngong), Thika,
and Machakos areas. These areas are the most marked in this respect in all of the highlands
(Ondingo, 1971). The northeast monscon (Decemberto March) delivers more precipitationthanthe
southeast monsoon (June to September).{Kenyan Met. Dept.,1980)

The highland areas characteristically have high rainfalls due to orographic lifting which encourages
precipitation. The highlands also act as high level heat sources, promoting air parcel lifting and
subsequent condensation. Nieuwolt (1973) has showan that the degree to which each of these
factors affects rainfall is dependent on season and aspect. Orographic lifting is responsible for
much of the rainfall in November and December (when winds are high). During the April - May
rains, the winds are of a lower velocity and convection is responsibte for much of the lifting.
Precipitation, istherefore, verymuch affected by aspect especially during November and December
when those slopes facing the winds receive more rain. Aspect takes on less significance during
April and May when the winds are not as strong.

Variations in rainfall over space can be very great as " air masses ....... are conditionally or
convectively unstable, so that only a slight uplifting can result in large amounts of rainfall being
released.” (Nieuwolt,1973). Rainfall generally increases with elevation to an approximate
maximum of 2500-3400 meters where this trend reverses (Nieuwolt, 1973). This reversal is due
the combined influence of the amount of water available for precipitation and the effectiveness of
the increased elevation in causing precipitation. Ata certain altitude the optimum combination of
these two opposing factors is reached, beyond which, it decreases. The increase in rainfall is
usually due toincreased rainfall frequency ratherthan increased intensity. Studies alsoindicatethat
rainfall is more continuous at higher altitudes. Elevation does not appear to have an effect on
seasopairainfall distribution.

The importance of the rainfall quantity, distribution, and reliability toagriculture is paramount. As
the rainy seasons are separated by up to five months of dry weather, the implications are severe.
The period of droughit nullifies any high yearly rainfall values, as crops are restricted to one or the
other of the two seasons, unless they are able to withstand the intervening conditions. Therefore,
although yearly totals may indicate the possibility of growing aparticular crop, the seasonal rainfall
values and the drought hardiness of the crop must be taken into account. Tree crops, including
coffee and sisal, which are able to withstand the drought, are commonly grownin the hightands. In
some areasthe climate does not permit arable agriculture and livestock grazing iscommon.
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Alsosignificantto agricultural activities, isthereliability of therainfall. Inthisrespect, certain areas
are notoriously variable and unreliable, based on the monthly, seasonal, and yearly totals. The
reliability in some areas is such that mean values cannot be relied upon for planning purposes. In
the Ngong area, six out of twenty years receive less than 750 mm of rain giving a high chance of
crop failure and severely reduced yields (Odingo, 1971). Seasonal reliability calculations are seen
to more valuable to the farmer than simply yearly calculations. Calculations on a seasonal basis
have been made for most of the highlands (GTZ,1983) but the Ngong Hills area were excluded
from the study. Generally speaking, the long rains are more refiable than the short rains.

It has also been established that there is a definite correlation between altitude and temperature in
the highlands(East African Meteorological Dept.,1959). Temperature, however, isnotgenerally an
agriculturally limiting factorinthe highlands (certainly not inthe Ngong Hills), otherthan choice of
crops. Frosts are uncommon below 2500 meters. One aspect of temperature that has management
implications is that as temperature and radiation is high year round, the removal of shade greatly
increases soil temperatures. This increases the rate of organic matter decomposition and resultsin
greater nutrient leaching. This also lowers the moisture holding capacity of the soils and increases
erosion by both wind and water.

3.2.3. : Detailed Climate of the Ngong Hills

Meteorological investigationsin the Ngong Hills area have been limited to rainfall measurementsat
several stations, All of these are within 15 kilometers of the study area although most are much
closer, More detailed observations have been made at the Nairobi- Dagoretti Corner Station which
is approximately 14 km. from the study area. Unfortunately, none of the observations have been
made at elevations greater than 2042 meters. Considering the height of the hill (2460 meters), and
thealmost certain variationsinrainfall that thisimplies, estimateson climatological probabilitiesare
necessary, Another limitation is that the only measurements available for the western side of the
hill are at Kisamis which doesn't receive the full effect of the hill, (although it is definitely in arain
shadow). Vegetative indicators as well as assumptions based upon general cbservations and farmer
interviews havebeenused to estimatethe climate.
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3.2.3.1. /Z Z) 7.7 15
Nairobi - Dagoretti Corner 1° 18'S 36°45E 1799m
Ngong Forest Station 1° 18'S 36°44E 1890m
Ngong District Office 1°22'S 36°39'E 2042m
MaasaiRuralDevelopmentCentre 1° 285 36°38E 1762m
Kibiko "A", Gathakos Farm 1°208 36°38E 1752m
Kisamis Primary School 1° 298 36°38E 1707m
Apostles Seminary(Kiserian) 1°26S 36°41E 1829m
3.2.3.2, Classification

The climate of this highlands area can be classified asIV 5, IIl 5 and 1116 (strongly modified by
the topography) according to the agroclimatic zone map of Kenya. The lower Rift Valley portions
of the area can be classified as zone V4 and V5, depending on elevation. These are fairly cool
highlands dominated by grassy, open woodlands with some closed forest and woodland at higher
elevations (in their natural state). The climate varies from semi-humid at higher elevations on the
eastern aspect to semi-arid at the northern and southern ends of the hills as well as on the west
slopes.

Parts of the area also fall within the criteria for selection as LH3 M+S: Lower Highland Zone
(maize zone) with one medium and one short growing periods. Portions aiso fall within the LH4
s/m + s/vs : cattle, sheep, barley zZone with one medium to short growing period and one short to
very short season.(GTZ, 1983). The Képpen classification for the Ngong DO station is Cw2 :
Highland subhumid with two wet seasons.

3.2.3.3. ) Raiafsll

Rainfall measurements have been analyzed from seven stations. This shows great variability with
the highest values recorded at Dagoretti Corner with a mean yearly total of 1049 mm. This was
followed by the Ngong Forest Station with 938.2 mm., Apostles of Jesus Seminary at Kiserian
with 825.7mm. , the Ngong District Office with 820.6 mm. , the Maasai Rural Development Centre
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with 648.5 mm., Kibiko "A" with 599.3 mm., and finally, the very low value of 477.8 mm. at
Kisamis in the Rift Valley. The last five stations are included, or are very close, to the study area.
The beginning of the both rainy periods appears uniform to all stations with the long rains starting
near the end of March and the short rains near the end of October.
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Fi 8. Mean A | Rainfall

The variationin values is high considering the small distances between stations. The low values at
Kibiko can at least partially be attributed toits position in that it does not receive much orographic
lifting during either rains and may be partially shadowed by the hills during the November to
December rains. The Maasai Centre does not receive appreciable lifting at anytime of the year. It
appears that Kiserian (Apostles of Jesus Station), at the edge of the hilis, receives the benefit of
orographic fifting during the short rains of November to December when winds are stronger than
during the long rains. The mean values for the two tain periods shown in the following charts
indicate the greater relative amounts received by the Kiserian area during the short rains. This may
be extrapolated to the entire southeastern face of the hills (albeit with some uncertainty) and
indicatesthat the short rains may berelatively more advantageous for planting in that area.
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Figure 10, Mean Rainfall, November - December

The values for Ngong Office Station on the other hand indicate greater values during the long rains.
If resources for forestry planting are limited and both areas can't be planted during both rains,
priority should be placed on the south eastern flank during the short rains and on the northeastern
flank during the long rains. Further observations are required to confirm this. Note the difference
in rainfall between Kiserian and Kisamis, a distance of only 6 km. Also note the difference
between Ngong District Office and Kibiko. A drop in rainfall of over 200mm per year occurs over
a distance of only 3 kilometers.
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Rainfall extremes for Dagoretti Cornerindicate agap of 979mm. between the highest yearly values
and the lowest which are 1632mm and 653mm., respectively. The graph of monthly rainfall
extremes underlines the extreme variability. Reliability studiesindicate that the areareceives less
than 750mm. six years out of twenty. The long rains are generally more reliable than the short
rains.
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Figure 14, Rainfall Extremes

Maximum 24hr. rainfalls have only been recorded at Dagoretti with the highest single value of
139.1 mm. This hasimplications for water retention and erosion structures.




72

140
120
100
80
608
40.
20.

MM

Jan Feb Mar Ayr May Jun Jul Aug Sep Ot Nov Dac
Month Maximum:139. {imm

Figure 15 i 4hr. Rainfall irobi, D i Corner

As noted previously, no observations have been made either above the elevation of 2042 meters or
immediately to the west of the hills. It is however, obvious from vegetative indicators that these
areas are at variance with the available stations. The higher elevations receive more precipitation,
although precisely how much more, is difficult to say. Mist and heavy fog is much more common
at higher efevations and this contributes to the overall water budget. The general observations on
the relationship of rainfall to elevation previously discussed are assumed to hold true for the Ngong
Hills. However, it is not possible with the available data, to quantitatively assign rainfall values to
these higher elevations. It can only be said that they are undoubtably higher, and at one time, were
capable of sustaining a robust dry montane forest.

In contrast, the west side of the hill is far drier than it's eastern counterpart (see chart for Kisamis
below). This is due mainly to three factors:

- it faces away from the prevailing rain bearing winds and is therefore in the rain shadow.

- the slopes on the west side are very steep (averaging over 25°) and runoff is accelerated, giving
littfetimeforinfiltration.

- the west facing slopes receive the hottest and most drying rays of the sun.
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3.2.3.4. Kvaporstion, Radiation, sadRelstive Homidity

Evaporation measurements are only available for Nairobi-Dagoretti Corner. Evaporation is
generally less variable than rainfall regimes (Darnhofer, 1983) and this is demonstrated by the
graph of evaporation extremes. It is apparent from the graph for mean monthly evaporation, that
the peak evaporation values are during March, followed by January, February and October, The
mean yearly evaporation is 1721mm. The highest annual evaporation was 1951mm. while the
lowest was 1519mm.

(1964-1980) Pan Type A
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Average daily radiation figures show February to have the highest values, followed by January,
March and December. The mean daily radiation over the entire yearis 455 langleys. The mean daity
sunshine in the area is 6.9 hours.

600

Month (1955-1980 Records)

Figure 19. Average Daily Radiation, Dagoretti Corner, Nairobi




Average relative humidity is consistently above 90% at 0600 hrs., while at 1500hrs. the values
range from 36% in April to 61% in May. The yearly average for 600hrs. and 1500hrs. is 93% and
50% respectively. Using these two values the average relative humidity for the entire yearis 72%.
Heavy mistisafrequentoccurrence, particularly at higher elevations.
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Figure 20, Average Relative Humidity, Dagoretti Coraer, Nairobi

3.2.3.5. Temperatore

Temperatures are fairly constaat throughout the year, with average monthly temperatures varying
no more than a few degrees. The average temperature at Dagoretti (1799m) is 17.6°C. Using a
lapse rate of .55°C per 100m in elevation change, the average temperature at the summit of the Hills
(2460m) is calculated to be 14°C. Frosts arc uncommon in the agricultural zone but do very
occasionally occur at the highest elevations. The highest temperatures occur in March while the
lowest are recorded in July. The greatest daily range of temperature occurs in February.




76

Degrees
C

Degrees

C 15

Month




14
121
Degrees
C

Jan Feb Mar Apr May Jxu
Month

10lf |

35
25
20
Degrees
C 15
10

Jan Fed Mar Ayr May Jun Jul Awg Sep Ot Nov Dee

11

Month

High

Low

Figure 24, Temperature Extremes, Dagoretti Corner, Nairobi

3.2.3.6.
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Wind data is only available from the Nairobi-Dagoretti Station. From this it is apparent that both
daily wind run and mean wind speed are at & maximum in December. Winds remain high during
January , February and March, which coincides with the period of highest potential evaporation.
November winds are also relatively strong.
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Figure 25, Mean Wind Speed, Dagoretti Corner, Nairobi
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Wind direction is modified by the prevailing monsoons, and is predominantly northeast to east in
October to April, while it is east to southeast the rest of the year. The following chart of wind roses
indicatestherelative frequency of wind direction (represented by line length).

The general winds in the area, represented by the Nairobi data, are strongly modified by the
topography and vegetation of the Ngong Hills. Asthe orientation of the hillsis north-northeast, the
prevailing northeasterly to southeasterly winds often strike the hills perpendicularly, maximizing
the effect of the topography. The prevailing winds blow straight up the many side valleys. This
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does not generally allow the development of convective slope and valley winds that might
otherwiseoccur.
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Figure 27, Wind Directionb onth, Dapgoretti Corner, Nairabi
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- Topography and changes in elevation affect winds in several ways. Winds, that in adjacent areas
are aloft, become surface winds at higher elevations. Thisis evident inthe Ngong Hills as the wind
speed rises with elevation and strong winds are almost always present near the summit. The
“corner effect " is also noticeable on the Ngong Hills . As the mountain stands as a relatively
isolated massif, airflow tends to move not only over it, but around it. The resultant pressure
differential causes the wind to both speed up and "wrap around" the corners of the hill. This effect
contributes to the excessive winds at both the southern shoulder of the hills, and the Kibiko area at
the northern end of the study area. This is coupled with a lack of significant vegetative cover. The
flow istherefore unrestricted and high, greatly contributing to desiccation. Flow over the mountain
produces some turbulence and eddying on the steep lee side. This turbulence decreases with
distance from the summit and winds are significant{y fower than on the windward side.

3.2.4. Summary

The climate of the Ngong Hills exhibits extreme variability, mainly as a result of topographic
influence. Rainfall patterns cause some of the area to be classified as semi-arid while the higher
elevations of the eastern flank are sub-humid. This variability naturally has implications to future
planting plans. The average temperatures decrease with elevation, and, although this not strongly
limiting to plant growth, it does affect species selection.

As wind speed is a major factor in the drying rate, it must be addressed in the landscape plan. The
very drying northeasterly and easterly winds should be modified. This is particularly true for the
northern shoulder which experiences strong winds due to it's position. This has been aggravated
by forest clearing. A reduction in wind speed can appreciably increase both available moisture and
crop yields. As evidenced by the existing vegetation on wind sheltered sitesin the hills, seemingly
slight improvements in shelter can make a large difference in growth rates and seedling
establishment.

In summary, the major climatic constraints to agriculture and silvicuiture are low and unreliable
average rainfalls and high winds. These factors will have to be addressed by farmers and foresters
if the full potential of the areaistobe realized.




3.3 HYDROLOGY

The importance of the water resources of the Ngong Hills cannot be over emphasized. The
spﬁngs. surface waters and both deep and shaliow aquifers, supply many thousands of people and
animals with their water requirements, In addition to the rural settlement areas in the hills
themselves, domestic water from the Ngong Hills is supplied to Ngong Township, Bulbut,
Kibiko, Kiserian and Kajiado (see Infrastructure - Water Supply). Countless other people outside
of the study area, depend upon water having its origin in the Ngong Hills including, to some
extent, those drawing from the Karen-Langata aquifer which is thought to be contiguous with the
Ngong aquifer and recharged from that area. Water demand is rising in concert with population
increases and already serious shortages are occurring. Water rationing is occurring in all the piped
water schemes in the study area as well as in Ngong Town itself.

There are no major rivers in the study area although the hills contribute to the Mbagathi, Nol
Choro, Kandis, rivers to the east and the Loodo Ariak River to the west. No less than twenty-five
small streams have their origins high in the hills on both the eastern and western flanks. Almost all
the springs and surface water is seasonal. Whereas, several years ago there were ten permanent
springs on the hill, now there are only two.

3.3.1. Geological Infinences

The hydrology of the Ngong Hills is dominated by the underlying geology and topography of the
 area. The flows of the watercourses are complex, with many streams originating as springs highin
the hills, flowing more or less permanently in the upper most regions, then disappearing in the
lower sections only to re-emerge downstream. Erosion inthe stream bedsis not significant as flow
in most streams hasreached the lava sheet. The sheets are often stepped dueto minor faulting, and
alluvial material has built up behind these changesinlevel uatil gradeisreached.

Boulders and other alluvial materials have been accumulated in the many V-shaped valleys. It is
imto these permeable materials that the streams percolate, giving rise to considerable subsurface
flow. In the alluvial plains and basins at the base of the slopes, flows are most likely in buried
stream channels and gravel seams overlain by silt. Faulting and subsurface dipping of the
vaderlying lava flows creates underground storage areas and sizeable shallow aquifers. In many
locations where the atluvial basinis approaching grade, small swamps and springs are present. Itis
evident that a considerable water volume is available from shallow sources such as trenches and
wellsin streambeds, particularly at the toes of the hills. Currently the shallow wells in the area are
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seldom compietely dry aithough this situation has been deteriorating in recent years and water level
recovery times(after pumping), areincreasing.

Because of these subsurface flows in porous material, stream gauging in the area does not give an
adequate representation of the water available. Stream observations, carried out in 1974 during a
study of the Ngong water supply, were “highly variable" (Bell, 1974) and inconclusive. For this
reason they have not beenused in any calculsations.

As previously stated in the geology section, the series of lava flows that occurred in the Ngong
area were separated by periods of time sufficiently long to allow the formation of soil fayers, as
well asthe accumulation of ash from nearby volcanic eruptions. These layers, intercalated between
lava flows, provide the basis for substantial deep aquifers. " These dip to the west in the vicinity
of Ngong village and progressively change to a shatlow dip to the east, south towards the Magadi
Road." (Halse,1974)

A drilling programme, initiated in 1976 toinvestigate the potential of tapping the deeperaquifersin
the area, confirmed that the area of greatest potential lies near the major north -south trending fault
which lies close to the lower road from Ngong to Kiserian (just outside the study area). The
Drifling Report #1 for the Ngong -Kajiado Water Supply Project states:

“......it can be established that the ground water potentials of
the Ngong-Kiserian area are highly promising depending onthe
penetration of the deeper confined aquifers. The deeper aquifer
18 of 8 fluviatile nature and has approximate yields of
1520m°/h. All other aquifers above this yield are
approximately 5-10m> .............. According to records
available for borebole No. C3937, it is evidentTthat a higg
ieldi vifer exists at depth in the project area. Tests carrie
i uﬁiqboreholg reveali%thmmmpu?ﬁeld with depth, The
yieids were 2.3m%/h, 2.7m5/h, and 35.7m /h at depths of
127m,221m, and260mrespecnvely

It can be noted that the deeper confined aquifer in the Ngong -
Olofua area is most productive. However, the aquifer becomes
fess productive southwards probably due to reduction in it's
thickness.

It is not possible to estimate recharge due to lack of information
from the few existing boreholes and hence safe yield cannot be
assessed satisfactorily. However, anabstraction rate of 20m~/h,
which remains to be proven by further exploration in the whole
area seems reasonable enough to maintain ground water
balance."

{Ministry of Water Development, 1976).
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3.3.2, : Recharge to Groundwater

An estimate of the amount of water going to recharge subsurface water reserves is necessary if
accurate estimates of water availability for plants are to be made, not to mention estimates of safe
ground water withdrawals for other uses. The water balance equation is as follows:

P=E+S+Ro
where:

P =Precipitation
E=Evapotranspiration

S = Change in soil water storage
Ro = Runoff

However, such estimates are difficult in the Ngong Hills for a romber of reasons:
1) Stream ganging isinconclusive and variable.
2)Rainfall at higher altitudesis only estimated asno permanent gauges are in place. (see Climate)

3) Evapotranspiration valuesare only available for Dagoretti Corner (Nairobi) and do not accurately
account for the Ngong Hills environment in which mist and cloud are frequent thereby lowering the
evaporatiomate.

4) Soil water storage capacity is only estimated (using 100 mm as maximal values of soil water
reserves).

5) Computations have been made on a monthly basis only while a ten day period would have been
more valuableif datawas available.

Despite these limitations, the water balance for the area has been calculated and is shown in Table
4. Rainfall records from the Ngong divisional headquarters have been used in the calculations as
they are the most lengthy and reliable figures for the area. The results indicate that only in the
month of May is sufficient wateravailable, (after soil reserve recharge), for ground water recharge.
Only 32.2 mm is available at this time. For most of the year a soil moisture deficit exists and
absorbsall precipitation. Groundwaterrechargetheoretically occurs only during the long rains.
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The results indicate that there are not great amounts of water available for extraction. Infact the
- amount available for safe extraction will soon be exceeded by requirements (according to these
calculations and the demands projected by Ministry of Water Development consultants). If 30 km?
is used as the area of recharge, the total water quantity available is 32.2(mm) x 30 x 10° m3 =
966,000 m3 per year. The demand on the resource will be 965 060 m’ per year by 1990 and
1,531,540 m> per year by 1995 (Min. of Water Development, 1978). These are only estimates but
indicate the critical importance of conservation of waterresources. The current water shortages and
lowering of borehole water levelsin the Ngong area, underline the impertance of such measures.

As most of the soils over the aquifer immediately to the east of Ngong are vertisolic (black cotton
soils) with fow water permeability, the majority of the groundwater recharge must take place inthe
hills, where soils and faulting etc. are more favorable. Therefore, every effort must be made to
increase water retention and to decrease evaporation within the hills. In light of the above
calculations, the establishment of more forests inthe gazetted forest area and the encouragement of
land vse systems with significant water conservation components, should be given extremely high
priority. These efforts should concentrate on those areas with highest potential for improvement.
The accompanying Hydrology map indicates the relative importance to aquifer recharge (both
shallow and deep) of the various land units. Those areasindicated as having extremely high aquifer
rechargeimportanceshould, naturally, beconsidered.

Further studies are required to confirm these results. A network of rain gauges throughout the hills

should be established to provide a more accurate measure of rainfall patterns. At the very least, a
gauge should be established at the antennae station at the top of the hill.

3.3.3. Infivence of Land Use on Water Resounrces

Generally speaking, the basic aims of watershed management coincide with those of soil
conservation. An area well managed in terms of it's soil resources, ie. protection of the soil
forming processes, improvement of mutrient composition and protection and enhancement of soil
structure, usually is also reaping the benefits of improved quantity, quality, and timing of stream
and subsurface water flows. Pereira has stated that:

“ the basictenets of the soil conservation discipline are that the
soil surface should be maintained in & receptive condition forthe
infiltration of rainfall and that surface water should be led along
gentle gradients without reaching erosive velocities, Where a
steep fall is necessary, concrete or cther revetment should be
provided.......... prepared drainage routes should be provided
...... and kept free of obstructions.” (Pereira, 1973)
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Although often related, the coincidence of sotl and water conservation objectives is far from
universal. A particular conservation structure may reduce soil erosion but not reduce total overland
flow, eg. cut off drains which, although they keep water off individual fields, do not encourage
water infiltration. In another example, water impoundment projects may fead to concentrations of
stock and subsequent soil degradation. The interrelationship of soil and water conservation issues
demandsanintegrated approachtosolutiongeneration.

The influence of land use on the hydrologic balance is extremely variable, particularly in tropical
regions, where highly seasonal and intensive rainfall is followed by extended dry periods. Clearing
of forests, and increases in cultivation, grazing and urbanization, often lead to negative influences
on water resources. Fire, trampling by stock, poor cultivation techniques, and the hardening of
surfaces such a5 roads and residential areas, have comributed to areduction in the ability of the soif
to absorb water. Overland flows are increased, producing larger and more frequent peak or spate
flows, leaving little for aquifer recharge. The resultant decrease in subsurface reserves leaves less
water available for discharge through springs and boreholes, and, as in the case of the Ngong
Hills, these tend to dry up. There is also & decrease in soil moisture retention, as concentration
times are decreased . In some cases surface runoff is soaccelerated that field capacityis not reached
during short rainfalls. '

The coefficient of runoff changes with land use and land cover. The following chart indicates the
variability. These are broad generalizations and vary with cultivation practices, forest type, slope

(angle and fength) and soil structure.

Table 3, Coefficients of Runoff for Various Lend Covers

Land Cover Overland flow  Recharpe flo efficient of Runoff

Forest 10-20% 80 - 100% 0.1-0.2
Cultivated 50-60 40-50 0.5-0.6
Residential 40 - 50 50-60 0.4-0.5
Urban 90 - 100 0 -10 0.9-1.0

(source: Marsh, 1983)

3.3.3.1. - Forests

It has been repeatedly stated by many authors that there is no evidence that forests can effect the
total amount of precipitation an area receives. (Pereira, 1973; Penman, 1963) However, the myth
persists and it is interesting to note that many people in the Ngong area say that one of the major
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reasonsthey plant trees 15 “to increase rainfall” (see farm questionnaire results) Of course, there are
hydrologic benefits of forests, but these are related to the disposition of the precipitation that does
fall. Asthe previous table shows, runoff is decreased and subsurface infiltration is increased. In
undisturbed forests, water infiltration to the soil is predominantly through the macro pores which
dominate the total pore space (Humbel,1975). Overland flow is considerably reduced , even in
areas of very high rainfall.

Molehanov(1960) summarizing extensive Russianresearch, statesthat shelterbelt forests along the
contour provides maximum water yields. If only 6% of the watershed area is forested in this
manner, overfand flow is halved. If 30 to 40 percent of the watershed is so treated, " the entire
surface runoff is transferred to subsoil and erosion is thereby prevented. " ( zPereira, 1973)

The total water vapour loss in a watershed is equal to evaporation plus transpiration. The effectof a
forest on this loss must be calculated on the basis of the individual characteristics of the forest type
involved (canopy closure, foliage characteristics etc. ). Ithas been reported that forests transpire up
to 10% more water than most grasslands, although some deep rooted grasses, like Cymador
daciylon have higher rates. In addition, evaporation rates from the soil surface are significaatly
lower in forests with complete canopy closure than in grasslands due to a reduction in wind speed,
radiation,andtemperature.

Although total precipitation amounts are not increased, it has been shown that forests do influence
the presence and frequency of slight rainfalls and mists (Parsons, 1960), a common occurrence in
the Ngong Hills, Water vapour condenses on foliage and stems and subsequently drips to the
ground. The benefit of mist is threefold; firstly, it reduces transpiration rates; secondly, there is
some absorption and utilization through the foliage; and thirdly, in prolonged and heavy
conditions, thereis soil moisturerecharge.

It has been stated that light dry season rains:

* falling on a forest canopy with transpiration restricted by dry
soils will greatly increase the rate of loss of water vapour.
However, the same rate of light rainfall in calm misty coaditions
on a cold wet landscape................. will have little effect on
the rate of vapour loss since neither heat energy to evaporate
more waler nor air movement to remove more vapour is
available."(Pereira, 1973)

Despite the increase in rainfall interception and transpiration, it has been conclusively showa that
forests tend to absorb heavy rainfall and allow it's infiltration to the soil through the forest floor
fitter. Such infiltration and storage of water reserves for slow release, reduces rain season spate
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flows and improves the water timing regime. The benefits of the forest in the upland collection
areas are often realized by downstream water users in the form of more permanent streams,
shallow wells and springs, as well as higher water quality.

3.3.3.2. Grassland

There appearto be two opposing factors at play in the effect of grazing and grassland management
on the hydrologic cycle. Firstly, if erosion and rapid overland runoff is to be avoided, the grass
sward must be keptin such a condition that soil surface protectionis maintained. Overstocking and
excessive trampling must be minimized in order to allow optimum sward development. On the
other hand, the denser and more productive the grassland is, the more water is consumed by the
plants and the less is available for other purposes. Rates of water use by African grassland species
vary tremendously. Very deep rooted species such as Cymadon dactylon often produce and
maintain soil moisture deficits, which in drier areas can preclude groundwater recharge. The
optimal timing of subsurface flow, and the protection of svil and water quality through reduction of
peak overland flows, has a price, namely the substantial use of potential water reserves by the
vegetation.

If it is to provide maximum benefit, the management of an area for both grazing and water, must
strike a balance between optimal vegetative growth and fodder production. Generally, water yields
are directly related to grazing intensity, but this may be offset by increases in sediment loads and
fong term reductions in vegetative productivity due to soil erosion. In several areas of the Ngong
Hills overgrazing, attributable mainly to poor stock distribution, is causing excessive amouats of
bare ground and subsequent erosion. A system of rotational grazing which excludes stock during
periods of maximum vegetative growth is necessary. In addition, stock and game teails are often
poorly located and maintained, contributing tothe velocity of overlandflow.

3.3.3.3. Cropland

The effect of arable agriculture on the hydrologic resources of the region are many and complex.
Although cultivated cropshave water requirements which seasonally reduce soil moisturereserves,
these are often less than the natural vegetation they replaced. The majority of annual cropsin the
Ngong Area have much shorter growing seasons and use less water than the herbs, shrubs and
trees that once grew in their place. The exception to this is where the area was natural open

grassiand.
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The distribution of rainfall to overland flow and soil infiltration, 1s the area of greatest concern.
Overland flows are considerably increased in the absence of suitable precautions. Repeated tillage
changes surface soil structure, reducing it 'sinfiltration capacity, while at the sametime, increasing
it's tendency to be transported by water and wind. Sheet, rill and gully erosion are often the result.
As most annual crops do not completely cover the soil surface, particles are exposed to the full and
substantial kinetic energy of impacting rain droplets. This force can dislodge particles and destroy
soil aggregates. The effect is to both reduce surface porosity, leading to "puddied” and compacted
soils, and to increase sediment loads in streams and reservoirs.

The degree of impact that cultivation has upon the hydrology of an area is dependent on the
particular crops involved, the cultural practices and the structures or landscape elements (terraces,
micro catchments etc. ) present onthe farm. Wisely practiced cultivation, utilizing a high degree of
plant coverage of the soil surface, proper crop rotation, contourtillage, terracing, and low velocity
grassed waterways (as required), can contribute positively to the overall hydrologic characteristics
of a region. Those cultivations which leave the soil surface completely covered for most or all of
the year, such as zero tillage or zero grazing crops (napier grass etc.), reduce hydrologic damage
even further. As in grassland management, deep rooted crops give conflicting results. They may
produce vigorous growth but at the cost of greater water consumption, although this may be soil
moisture not otherwise available for agriculture, The cost therefore, is not to the individual farmer
but to the local subsurface water reserves.

3.3.3.4 Agrolorestcy

Agroforestry " is a collective term for land use systems and technologies where woody perennials
{trees, shrubs, palms, bamboos etc. ) are deliberately used on the same land management unit as
agricultural crops and/or animals, either under the same form of spatial arrangement or temporal
sequence. In agroforestry systems there are both ecological and economic interactions between the
different components. " (Labelle, 1983).

Agroforestry has the potential to address many water related issues. The effects, of course, are
highly variable as the scope of possible interventions is large, Many of the previously mentioned
advantages of croplands, grasslands and forests, can be realized with agroforestry systems. Such
improvements as reduction of evaporation losses by increasing shade and reducing windspeeds;
improvements in soil structure and fertility, the creation or reinforcement of water
retention/harvesting structures; rehabilitation of erosion features and other degraded lands;
utilization of deeper soil water reserves; and reduction of pressures on critical protection areas by
more intensive production elsewhere, are among the possible benefits. In the application of
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agroforestry systems there are often conflicting results, eg. the utilization of deep rooted water
loving tree crops raises the issue of local utilization of water reserves vs. regional benefits of
ground waterrecharge. As with other possible interventions, priorities mustbe established.

3.3.3.5. Seitlement

The effect of seitlement on the hydrologic regime is often extremely negative. Aspreviously shown
runoff and spate flows are dramatically increased as infiltration rates are reduced. Not only are
recharge rates reduced but the quality of both surface and groundwater is usually lowered due to
pollution. In the Ngong Hills, pit latrines are the most common form of sewage disposal. While
this is acceptable throughout most of the area, it is not advisable in the stream conveyance zones as
the risk of pollution of shallow aquifers is substantially increased. Inthe conveyance zones, pump
out tanks or gas digesters should be encouraged.

Inthe high density settlement areas of Ngong Township more serious problems exist. The sewage
system of the town should be rehabilitated and all new buildings should be connected toit. The
Kijiji settlement has no proper sewage system and this presents a threat to water resources not to
mentionthehealthhazard.

3.3.4. Pianning and Masagement Implications

"As the Incas and their descendeats have successfully
demonstrated with their irrigation systems, soil and water
management requires simple skills and discipline rather than
complex and expensive techniques. * (Pereira, 1973)

The Ngong Hills have under gone rapid change in land vse patterns and this has resulted in a
lessening in available water for both agriculture and domestic use. A rapidly expanding population
is making everincreasing demands on a dwindling resource. As mentioned previously there are a
mumber of options in water management and priorities have to be placed. Available water can be
directed towards soil moisture reservesfor utilization bylocal agriculturalists, it canbe impounded
in storage reservoirs for use by livestock or humans or, it can be directed towards groundwater
reserves for withdrawal by more distant users. Clearly, in the Ngong Hills, the widespread
importance of the waterresources demands that the solution encompass all of these options.

Great demands are being placed upon the groundwater reserves by the regional population. An
extensive water pipe infrastructure has been installed and is under expansion. Such demand and
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investment cannot be ignored and implies a concerted effort towards deep aquifer recharge asthe
piped water is supplied by boreholes. However the opportunity cost involved in making the
collection area strictly a watershed protection forest is far too high for a nation such as Kenya to
absorb. The area must serve other production objectives and the water considerations must be
integrated with those of other uses. Therefore groundwater recharge should receive highest priority
in those areas where it would be most effective and where it doesn't conflict with other demands.
Thisisin the collection zones of the gazetted forestreserve area, particularly inthe vicinity of fanlts
and in areas of deep porous soils. A programme directed towards increased infiltration, integrated
withwildlife, grazing, fuelwood, and recreational concerns isrequired for that area.

Measures have been identified by the government to alleviate the situation and efforts have been
made to reforest the area. However, success has been less than satisfactory and a more concerted
effort is required. Species selection will have to be more rigorous and planting techniques more
appropriateif establishment isto occur underthe difficult conditions.

Soil moisture reserves are seasonally depleted and 96% of all farmers report unreliable timing of
rains and mid season moisture stress. Poor crop yields are almost universally blamed on water
shortages. As the land under agricultural production is the primary support of a great number of
people, this issue should be addressed in the water management of the area. It is obvious from the
calculations that there will never be enough water inthe areafor extensiveirrigation evenif suitable
areascould beidentified. The greatest potential forimprovement liesin small scale water harvesting
and reduction of evaporation. Improvements in soil structure and composition (organic matter %
etc.) would also improve the soil moisture regime. Windbreaks have enormous potential for
reducing evaporationrates particularlyintheKibiko area.

Water impoundment in the valleys near the forest reserve boundary, as proposed in the Ole
Tomeno brief may be very difficult given the nature of the basins. Very few are water tight and,
whilethetopograply may be appealing for dam construction, detailed investigations arerequiredto
ensure that the dams will not leak through geological faults or subsurface porous material, Failure
to carry out detailed investigations could result in much wasted effort. Impoundment is more
practical on the vertisolic soils at the very toes of the foot ridges. These sites could be used for a
mumber of purposesinctuding limited irrigation of specialty crops or murseries.

The benefits from proper water mmagément are realized by many others outside of the area. For
this reason farmers who invest both time and capital to bring about conservation should not be
expected to bear the full costs for projects which will benefit the public. Indeed, if they are they
probably won't carry them out as the return on investment may not be sufficient. Credit and other
incentivesarerequired.
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In summary watershed management in the area must be multi-facetted, addressing not only
hydrological concerns in a number of ways, but also other focal and regional requirements, In this
way scarce resources will be used inthe most efficient manner.
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3.4 SOILS

The varied topography of the Ngong Hilis has contributed to the development of several soil types
in the area, Although the soil genesis was no doubt influenced by the former climate (which was
much more humid), it is the nature of the country that is the dominant force. The rock formations,
their altitude, the manner in which they have been dissected and eroded, the effects of the favna and
flora, slope, andtime, have all contributed to the formation of the present soils of Ngong.

The soils of the area have had a complex evolution and often the profiles reveal that they are the
result of the weathering of volcanic ash that fell on well developed soils, In several routine anger
samplings, layers of ash have been found interspersed with soil, indicating that a sufficient length
of time passed between ash falls to allow soil development, Ash has been found on both ridges and
valleys, proving the ash fell on an uneven previously eroded land surface (Pulfrey, 1948). William
Pulfrey (1948) in an unpublished report on the stone deposits of the Ngong area noted the ridges
have much less ash than the valleys, which, he claimed, were filled with deep layers of the
material. The present soil survey has found common evidence of ash fall throughout the study area,
although neverinthe copious amounts reported by Pulfrey.

The most common soils of the area are andosols, luvisols, regosols, and nitosols on the ridges;
nitosols and luvisols on the eastern flank; andosols, lithosols and rock outcrops on the western
flank; and vertisols with some phacozems in the valley bottoms and plain areas. The soil depth is
highly variable, ranging from less than 10 cm. in many areas on the western slopes to the
extremely deep (often over 2 meters) nitosols on the eastern slopes. As the soils have been
developed overimperviouslavasheetsthey often exhibit slight seasonal impeded drainage.

341 Soil Survey Methods

As an initial literature search revealed, there had been no soils investigations in the Ngong Hills
other than the reconnaissance survey for the entire country done at a scale of 1:1 000 000. Clearly
this was inadequate for planning purposes and a semi- detailed survey was carried out by the
author. Black and white aerial photography from 1978 at a scale of 1:12 500 was acquired, and an
uncontrolled mosaic assembled. L addition the area was rephotographed in 70 mm black and white
format at a scale of 1:10 000. An uncontrolled mosaic was also assembied from that photography.
Using both the mosaics and stereoscopic photo pairs, an initial interpretation based on landforms
was done. Preliminary land units were identified and routine soil auger hole locations were
selected. The density of augerings was variable with the highest number being placed in the
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cultivated areas on the eastern slopes below the forest reserve. The logic in this approach is
obvious, namely thai management intepsity should determine sampling density. Therefore,
sampling densities in the cultivated lands approached one augering per ten hectares, while in the
forest reserve and western areas, they dropped substantially to one infifty hectares,

Atotal number of 450 routine auger holes were drilled with a dutch auger to a depth of 1.2 meters
(as soil conditions allowed). The Food and Agriculture Organization (FAC) Guidelines for Soil
Profile Descriptions were employed. General observations at each sugerhole inciuded: geofogy,
landform, macro and micro relief, slope, position on slope, drainage, present erosion, rockiness,
land use, humaninfluence, presence of sealing/crusting/cracking, vegetationtype, compositionand
percent cover of trees, shrubs, herbs, grasses and bare ground. Each horizon in the sample profiles
were described in terms of:. depth, colour (based on the Munseil Colour Charts, 1971) when dry
and moist, moitling, concretions, texture, and consistence. Following completion of the augerhole
sampling, soil mapping units were delineated. Representstive locations from each mapping unit
were selected and soil pits to a depth of 1.5 meters (as soil conditions allowed) were dug and
described.

The types of information acquired at the routine augerholes were described at each soil pit, but in
greater detail (see soil profile and routine augerhole descriptionforms, appendix 1). Additionally,
soil structure was examined and soil samples from each horizon were collected for iaboratory
analysis. Although thirty such pits were dug and described, only twenty were analyzed in the
laboratory and presented in this report. This was due to duplication of soil types and financial
limitationsonlaboratory analysis.

3.4.2. Laboratory Methods

The chemical and physical analysis of the selected soil samples was carried out by the Department
of Soil Science at the University of Nairobi. Soils were analyzed for texture, pH, % C, % N,
P(ppm), and cation exchange capacity. The methods employed in the analysis followed those
specified by the National Agricultural Laboratories of the Kenyan Ministry of Agriculture.

Interested readers are referred to the ministry publication Physical and Chemical Methods of Soil
Analysig Editors: Hinga, Muchena, and Njihia (1980) for further details.

3.4.3. CantographicMethods

The soil mapping unit boundaries were finalized on the mosaic at & scale of 1:10 000. This was
then photographically reduced to a scale of 1:20 000 and the information transferred to the base
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map. Information was generalized to the four hectare grid cell used throughout the project. Where
mapping unit boundaries on the mosaic bisected a grid cell, the cell was assigned the soil unit with

the greatest area. Asall information was correlated tothe grid, it was logical to graphically present
it in this manner. The photo mosaic has been provided in order to maintain the more accurate
boundaries should future users require them. Although every effort was made to relate the reduced
mosaic to the base map, it must be restated that the original mosaic was unconirolled and some map
registration inaccuracies are bound to have occurred because of this, Slope classes were not
idemtified on the soil map as this was taken imo consideration in the delineation of the
physiographic sitetypes elsewhere inthe plan.

3.4.4. Erosion

The long term sustainability of agriculture and, to alarge degree, the prosperity of the people of the
Ngong Hills, will rest on the stability of the resource base. Iastability in the form of soil erosion
presents & serious threat to agricultural yields both in the long and the short term. As soil type and
topography vary within the study area so does the erosion potential. Soils with different
characteristics such as water holding capacity, particle size,and structural stability are more
sensitive to cultivation and will react differently to the same management practices. The most
sensitive areas should therefore be left uncultivated or be managed in such a way that is responsive
tothe particularcharacteristics thatmakethe soil sensitive,

The majorfactors affecting soil erosion are:
1) Topography. The degree and length of slope determines the amount and rate of runoff,
2) Rainfalt The frequency and intensity. (heavy storms produce the most severe erosion)

3) Soil Type: The resistance of the soil to breakdown and transport by raindrops orrunning water
isafunctionof particle size, organic matter content, permeability, and degree of aggregation.

4) VegetativeCover: Vegetative cover, including crop residues and canopy protection by trees,
protects the soil from the impact of raindrops and retards runoff and soil movement.

Erosion has beea ideatified as an impt;m.nt issue in several areas in the hills. Many farmers are
well aware of the sericusness of the sitvation and have taken decisive measures to combat it.
Typical conservation measures taken include : the construction of fanya juu terraces, and the
instaliation of rock wash stops, gabions (rare), grass bunds, and cut off drains. Other farmers,
equally aware of the problem, have reacted to a lesser degree for a variety of reasons including:
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feeling of lack of benefit for work on common land, fack of available tabour and technology, lack
of security of tenure (in the case of leasehold land), or most commonly, lack of appropriate seed
and tree seedlings. There is little use of vegetation for rehabilitation of degraded lands although

prevemiative measuresarebecoming morecommon,

Soil erosion is occurring on cultivated lands, road right of ways, and to & lesser degree on grazing
lands and around watering points. Erosion is of course occurring to some degree on all sils due to
the influence of rainfall and associated waterflows in streams, field furrows, ditches and across
slopes. Sheet, rill, and gully erosion are the most common kinds occurring in the area. Sheet
erosion, although not as obvious asthe other twotypes,may in fact be the most serious, asit occurs
over all sloping lands (with varying consequences) in a quiet, insidious fashion. The lack of
obvious signs of sheet erosion often lulls farmers into & sense of false complacency, little aware of
the physical and economic costs associated with such processes. In contrast, rill and gully erosion
are very much evident, particularly onthe steeper slopes. In some locations (eg. many of the farms
on steep slopes), the magnitude of the current erosion is alarming and steps must be taken to arrest
itif sustainability of production isto be maintained. Inthe drainage gully below Kijiji, erosionis so
severethat it will soon wipe out the accessroad to the village.

Thefollowing are contributing tocontinued oraccelerated erosion:

ion sivel lopes: In some areas notably on the east side of the
hill, farmers are cult;vatmg steep siopes with no protective measures (such as terracing etc).

2) Cultivation with no regard to contour: The simple conservation measure of plovghing
along the contour is often disregarded with the result of increased erosion.

3) Cultivation of drainage channels; Many farmers arecultivating seasonal drainage channels
thereby exposing unprotected soils to water flows. In time gullies are formed and the land is

rendered useless without remedial measures. Permanent vegetation must be preserved in all
channels.

4) Cultivation of shaliow seils: If cultivation occurs on shatlow soils the soil particies are
more easilytransported when the ground becomes waterlogged and surface flow commences.

5) Roadway and trail degradation: Many trails and roads in the area unintentionally serve as
drainage channels. Often water is not diverted off the track frequently enough and flows down
slope for considerable distances. Not only does erosion occur aloag the road or trail but once the
water eventually is released, the accumulated flow can cause considerable damage in adjacent
fields.
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6) Uncontrolled removal of trees for fuel: As the use of firewood is prevalent tree
removal is of course inevitable. However, the lack of a concentrated regeneration program has
resulted over the years in a considerable reduction in the mumber of mature trees. The effects on
erosion are multi-fold; large trees bind soil particles and help prevent soil movement; in number,
trees reduce windspeeds therefore reducing moisture loss and increasing the vigour of existing
protective vegetation; tree canopiesreduce rainfall impact; theremoval of trees putsgreater pressure
on other lands for fodder, fuel etc. and may lead to further degradation elsewhere and long term
productionreduction.

7) Overgrazing The lack of a coordinated grazing management plan for the area is contributing
to a progressive decrease in palatable species , therefore putting gresater pressures on ever
decreasing lands. This concentration of stock often creates bare patches of soil which are then
subject to erosion. On common lands outside of the forest reserve, rights of access (including
stocking numbers), and responsibilities (for herding, pasture rehabilitation etc.) are not clearly
defined and thus are leading to degradation. Within the forest reserve, there is no grazing

managementplan

8)_Distance to stock watering point, Many farmers are forced to drive their stock long

distances to watering poimts. As stock both trample and graze vegetation en route and at the water
source, these areas are subject to much pressure and, over time, vegetation is removed, soils are
compacted and erosion ensues. This further reduces possible grazing areas as well as impacting
vulnerable stream sides whichin turn degradesthe water resource. (siltationetc.)

3.4.5. The Classification Units

The FAO and UNESCO seil map fegend (FAO/UNESCO,1974) has been used on the project as
this is standard practise by the Kenya Scil Survey (KSS) as well as being in common usage
throughout Africa. The classification of the soils was based upon the following types:

3.4.5.1. Vertisols

Often referred to as “black cotton soils", vertisols are commonly found in lower lying, imperfectly
drained areas, namely in valley bottoms and in the Rift Valley portion of the study area, They are,
typically, dark, heavy clays with very distinct large cracks, usually to a depth of at least 50 cm. and
at least fcm. wide for part or most of the year. They lack distinct horizons because of the process
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of mixing and churning of the soil due to their very strong shrinking, swelling and cracking
characteristics. The common presence of slickensides (polished and grooved surfaces produced by
one mass sliding past another) is indicative of this process. Vertisols have poor engineering
characteristics dueto theirswelling and shrinking.

The percentage of montmorillonite clay determinesto a large degree the amount of swelling and this
is variable between the mapping uaits. In several of the units, particularly in the extreme west,
swelling of the soil when wetted is truly spectacular, and one sample “blossomed” to about 125%
of it'soriginal volume. While the cracks allow waterinfiltration during initial wetting, the swelling
characteristic causes the cracks to quickly disappear as the rains continue. The high clay content
makes the soils only slightly permeable, and the majority of the rains are directed overland. (see
table 7) The water holding capacity of the soil is very high but it is held tightly by the clay and
muchisunavailabletoplants. Farmers commonly complain of waterlogging.

The workability of vertisols may be described as horrendous. When wet they are extremely sticky
and make hoe cultore very difficult. When dry they are extremely hard and farmers speak of the
jembe (hoe) bouncing off the concrete like peds. The shrinking and cracking characteristic causes
air pruning and breakage of most roots and few crops do well in unirrigated situations, despite the
relatively highfertility of most vertisols.

3.4.5.2, Nitosols

These deep, red, moderately weathered soils are common on the eastern flank of the hills and
generally coincide with the most productive agriculture. Most of the nitosols in the area have been
developed under forest cover. They are friableto very friable claysto clay loams and have excellent
physical characteristics. The percentage of clay does not decrease by as much as 20 percent within
150 cm. of the surface and some of the ped faces are shiny. Structure is generally moderate, fineto
medivm, sub angular blocky. The nitosols have weak surface capping, a stable structure, and are
porous throughout the profile. These {atter characteristics give them a tendency to resist erosion.
They have very good moisture holding capacity and most of that moisture is available to plants or
percolates to subsurface reserves. For this reason the nitosols are extremely important to the
hydrologic management of the area and offerthe best opportunitiesforrechargeimprovement.

Workability is very good and the soils present no problems in this regard. Soil fertility, although
initially quite high, is quickly depleted by continuous cultivation and requires inputs to maintain
fertility. These inputs occur to some extent as many farmers are adding manure to the soil. Very
few of the farmers are using chemical fertilizers and the amount of manure added is seldom
adequate to maintain fertility. Declining yields have been reported by the majority of farmers
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cultivatingnitosols.

3.4.5.3. Lavisols

The tuvisols in the study area are moderately weathered with a clear sequence of horizons. An
argillic B horizon with a base saturation of over S0% underlies an A horizon. Texture is generally
clay and the structure is moderate to strong sub angular blocky. The soils are moderately deep with
some cases of saporitic rock within 60 cm. of the surface. Some surface cracking is evident and
thereis slight surface sealing. They are less permeable than the nitosols and therefore allow greater
surface runoff.

Consistence is sticky when wet, firm when moist and hard when dry, leading to some problems in
workabilityfor arableagriculture, and compactionif overgrazed.

3.4.5.4 Aadosols

Andosols are characterized by a low bulk density and are derived from volcanic ash. Texture is
usually loam and the soils are highly permeable with little or no surface sealing. Andosols have
good moisture holding capacity but they are only moderately deep and often overly rock.
Consistence is non-sticky when wet, friable to very friable when moist, and soft when dry.
Although they present no workability problems, none of the andosols occur outside of the forest
reserve and are therefore not subject to cultivation. Because of their low bulk density and position
(often on the steep western slopes) they may be subject to erosion if disturbed. The andosolsin the
study areaare very dark grey and are moderately fertile.

3.4.5.5. Regosols

These are soils from unconsolidated materials and are found on the south end of the western scarp.
They lack diagnostic horizons and in the study area consist of gravelly material in a matrix of clay.
Although the clay isfairly fertile, the position of the regosols (on steep slopes) and their high stone
content makethem unsuitableforagriculture.

3.4.5.6. Lithosols 2ad Rock Outcrops

By definition lithosols are very shallow soils with continuous and coherent rock within 10 cm. of
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the surface. However, this has proved to be somewhat impractical in the tropics and it is
acceptable to use rock within 25 cm. as diagnostic. This is the case with many of the lithosols in
the Ngong Hills. They have an AR sequence of horizons with no B horizon, They are found
predominantly on the main ridge and the western slopes, often mixed with rock outcrops (non
soils) and occasional pockets of deeper soils. They have poor potential for any agriculiture and
should be maintained as grassland or forest.

Tab H lopic istics ari
Subsoil Wt. %

Subsoil Field Available _ Topsoillnfilteation?
Soit Type bulk denmgg capacity Moisture Dry soil Wetsoil

Nitosol 1.10 27.0 10.5 2.0 1.2
Luvisol 1.53 18.0 7.7 9.1 5.6
Vertisof 1.22 39.2 10.5 _ _
Vogmice 2 =mm/minute Source: KARI (1979)

Table 6, Soil Types and Summary of Characteristics

Available Hy

Soil Type Natural feriility Drainage Holding capscity Erosionpoteatial
pellicVertisol High V. Poor V. High Medium
orthic Luviso! Medium to High Imperfect Medium toHigh Mediuvm
Lithosot V. Low Excessive Low V. Low
dystric Nitosol Medium Gen. Good  High - MediumtoHigh
eutricRegosol Medium Fair Medium Medium
luvicPhaeozem Medium Gen. Good  Medium Low

vitric Andosol Medium to High Good High Medium to High
3.4.6. the Soil Mapping Units

The soils of the Ngong area are highly variable but may be generally described according to the
tandforms occurring in the area. These are, broadly speaking, ridges and scarps, footslopes and
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footridges, valley bottoms and volcanic plains, The entire study area is volcanically derived. For
details of representative soil profiles referto appendix 1.

3.4.6.1. Soils of the Ridees sad Scarps

Mapping Unit: RS}

Parent Material: undifferentiatedbasanitestephrites atlantites, ankaratrites

ReliefMacro: undulating ridge top (convex in X-section); slopes 0 - 30%

ReliefMicro: locally dotted with smallrock outcrops '

Vegetation: grassland, thicketsand forest patches

Landuse: Wildlife recreation grazing

Scils, general: moderately dee%tovery shallow soils overlying saporite and
volcanicrocks. TransitiontoR is abrupt.

colour: A horizon predominantly Dark brown (7. 5YR 3/4)
B horizon brown to dark reddish brown (SYR 3/4)
Texture: Sandy loam to Clay loam with inclusions of clay.
Consistence Slightly hard when dry, friable when moist, slightly sticky and
plastic when wet.

Chemicalproperties: Ahorizon: CEC about 29me/100g. ; soils are slightly acidic
pH5.9; Organic Cisabout 3.4%; N about 0.5%; P about
0.8ppm

Soilclassification: orthic LUVISOLS, with inclusions of LITHOSOLS

For the description of representative profiles see appendix 1, profiles #3 and #5.

Mappiog Ugit: RS2
Parent Material: undifferentiatedbasanites tephrites atlantites, ankaratrites
ReliefMacro: Steep faulted western scarp; slopes 30- 100%

ReliefMicro: n'regular and rugged, rock outcrops and stomy ground
Vegetation: Themeds, Hyparheais, Acacigbushed grassland, forest patches

nearridgetop

Landuse: Wildlife grazing
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Soils, general:

colour:

Texture:

Consistence

Chemicalproperties:

Soilclassification:

shallow soils overlying volcanic rocks. Transitionto R is abrupt
and generally within 15cm. This is highty variable and there are
many pockets of deeper soils resulting from small landslides and
microrelief.,

A horizon predominantly Dark brown (7.5YR 3/2)
Deeper soilsgenerally very dark greyto black
Clayloam

Slightly hard when dry, friable when moist, slightly sticky and
plastic when wet.

A horizon: CEC about 30.6 me/100g. ; soils are near neutral, pH
6.9, Organic Cisabout 1.9%; N about 0.07%;
P about 102 ppm.

LITHOSOLS, withinclusions of shaliow eutric REGOSOLS and
vitricANDOSOLS

For the description of representative profiles see appendix 1, profiles #3, #15 and #23.

Mappine Usit: RS3

Parent Material:
ReliefMacro:
RetliefMicro:
Vegetation:
Landuse:

Soils, general:

colour:
Texture:

Consistence

Chemicalproperties:

Soilclassification:

OlEsayetiOligoclase Tephrites

western stope of fault line; slopes25- 75%

irregular and rugged, rock outcrops and stony ground
Acacigbushed grassiand,

Wildlife extensivegrazing

extremely shallow soils overlying volcanic rocks with

many rock outcrops with no soil at all. TransitiontoR isabrupt
and generally within 10cm.

A horizon predominantly Dark brown (7.5YR 3/2) moist
Clayloam

Stightly hard when dry, friable when moist, slightly sticky
and plastic when wet,

A horizon: CEC about 30 me/100g.; soils are near nevtraf,
pH 6.9; Organic Cis about 1.9%; Nabout 0.07%;
P about 102 ppm.

LITHOSOL

For the description of representative profiles see appendix 1, profile #3

Mapping Unit: RS4




Parent Material:
ReliefMacro;
ReliefMicro:

Vegetation:

Landuse:
Soils, general:

colour:

Texture:

Consistence

Chemicalproperties:

Soilclassification:

undifferentiatedbasanites tephrites atlantites,ankaratrites
Steep faulted western scarp; slopes 30 - 100%

irregular and rugged, rock outcrops and stony ground

Themeda, Hyparrbenia, Acacia, Fuphorbiabushed
grassland, very smal{ forest patches nearridgetop

Wildlife grazing

shallow soils overlying volcanic rocks, TransitiontoR is

gradual with greater percentage of gravelsand rock occurring with
depth. Horizon definition is based on rock content and slight
changeof colour. Otherwiselittledefinitioninunconsolidated
material. Transitions are smooth and gradual. Soil depthis highly
variable as there are pockets of deeper soilsresulting from small
landslides and micro relief. There areinctusions of LITHOSOLS
and to a lesser degree, ANDOSOLS in this unit.

| A horizon predominantly Dark grey (10YR 4/1)

B horizon Very dark greyish brown (10YR 3/2) often
mottled with fyelicvnsh brown (10YR 5/6) resulting from the
breakdown of parent material.

Clay

Very hard when dry, firm when moist, sticky
and plastic when wet.

Ahorizon: CEC about 30.6 me/100g. ; suils are near neutral,
gH 6.9; Organic Cisabout 1.9%; N about 0.07%,;
about 102 ppm.

eutric REGOSOLS with inclusions of LITHOSOLS, and very
occasional shallow ANDOSOLS. The main difference
between this unit and RS2 is the higher percemtage of
REGOSOLS in this unit,

For the description of represemative profiles see appendix 1, profiles #3, #15 and #23.

3.4.6.2.

Mapping Unit: FS1

Pareat Material:

ReliefMacro:

uandifferentiatecbasanitestephrites atlantites, ankaratrites

slopes 10 -55% stee]é ning and becoming more convex
towards the summit, Footridgesrunning perpendicularto
main ridge 500 - 800 metersin width.
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ReliefMicro:

Vegetation:

Landuse:

Soils,general:

colour:

Textore:

Consistence

Chemicalproperties:

Soilclassification:

generally smooth with very occasional rock outcrops

Themeda, Peanisetum, grassland, occasional forest patches
Dombeya, Albizia, inforest reserve, annual cropsin

farmingarea
Wildlife, grazing inupper portions, smallholder mixed
farming on lower slopes

Welldrained, verydeep, moderately weathered soilswith
excellentphysical characteristicsforarableagriculture,
Common shiny ped faces; The horizon transitions are
gradual and smooth; the soils are moderately rapidly
permeable.

A horizon predominantly Dark reddish brown (SYR 3/4) dry

B horizons vary from dark reddish brown (SYR 2.5/2)to
Yetlowishred (SYR 4/6)

Clay toclay loam

Slightly hard when dry, friable when moist, slightly sticky
and plastic when wet.

Ahorizon: CECabout 20 me/100g. ; soils areslightly acidicto
neutral, pH 6 - 7, Organic Cis about 1.1%; Nabout 0.14%;
P about 1.8 ppm.

dystricNITOSOL

For the description of representative profiles see appendix 1, profiles #4 and #9.

Uanit: FS2
Parent Material:
ReliefMacro:
ReliefMicro:

Vegetation:

Landuse:

Soils, genersl:

undifferentiatedbasanitesephrites atiantites, ankaratrites
slopes 10 - 55% steepening towards the summit,
generally smooth with very occasional rock outcrops

Themeds, Pennisetum, grassiand, occasional forest
patches Acacig Fuphorbia

Wildiife, grazing in upper portions, somearable agriculture
in lower sections

Acomplex of moderately well drained, moderatelydeep,
moderately weathered soils, imerspersed with deep soils.




colour:

Texture:

Consistence

Chemicalproperties:

Soilclassification:

The horizon transitions are gradual and smooth with the
exception of an abrupt transition to R ; the soils are
moderatelypermeable.

A horizon predominantly Dark reddish brown (SYR 2.5/2)
dry (GYR 312)

B horizons vary from dark reddish brown (SYR 2.5/2)to
(5YR 3/3)to dark red (2.5YR 3/6)

C if present Dark reddish brown (SYR 3/2)
Clay toclay loam

Hard to extremely hard whendry, firm to extremely firm
when moist, very sticky and very plastic when wet.

Ahorizon: CEC sbout 38 me/ 10% ; soils are neutral,
H6.7 - 7.3; Organic C about 1.7%; Nabout028%
about 1.7 ppm (also See FS1)

Complex of vertic and orthic LUVISOLS with afew
inclusions of NITOSOLS

Forthe description of representative profiles see appendix 1, profiles #11 and #14

Mappi it: FS3
Parent Material:
ReliefMacro:
ReliefMicro:
Vegetation:

Landuse:
Soils, general:

colour:

Textuore:

Consistence

Chemicalproperties:

undifferentistedbasanitesgephrites atlantites, ankaratrites
Convex Footridges running perpendicularto main ridge 500

- 800 meters in width. Slopes 15 - 55% steepening towards
summit.

generally smooth with occasional rock outcrops
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Themeda, Peaniserum, grassland, occasional forest patches of

Dombeys, Albrzrs

Wildlife grazing,

A complex of shallow well drained svils interspersed with
moderately deep and deepsoils. The horizon transitions are
gradual and smooth with the exception of an abrupt
transitiontoR; thesoils aremoderately permeable.
Ahorizon predominantly Dark reddish brown (SYR 2.5/2)
B Dark reddish brown (SYR 2.512)

Sandyclayloam

Slightty hard when dry, friable when moist, slightly sticky
and slightly plastic when wet.

A horizon: CEC about 34 me/100g. ; soils are slightly acidic,




gHS.G -6.5; Organic C 3.9%; N about 0.33%;
about 2.7 ppm.

Soifclassification: orthic LUVISOLS with inclusions dystric NITOSOLS
Forthe description of representative profiles see appendix 1, profiles #18 and #9.

Mapping Unit: FR 1

Pareat Material: undifferenﬁated:asauites;ephﬁtes,aﬂamites,aukmwites

ReliefMacro: Convex Footridges ruonning p?endlcularto main ridge 500
- 800 meters mwxdth Slopes 5 - 45% steepening towards
summit.

ReliefMicro: generally smooth with very occasional rock outcrops

Vegetation: Themeda, Pennisetum, grassiand, occasional forest
patches Dombeys, Albizia,

Landuse: Wildlife, grazing inupper portions,

Soils, general: A complex of well drained, deep, moderatelywestheredsoils

imerspersed with modemeiy deepsoils. Thehorizon
transitions are gradual and smooth with the exceptionof a
cleartransitionto C and abrupt transition toR; the soils are
moderatelypermeable.

colour: A horizon predominantly Dark reddish brown (SYR 3/4) dry
or very dark greyish brown (10YR 312)

B horizons vary from dark reddish brown (5YR 2.5/2)to
Yeltowishred (SYR 4/6)
or Dark brown (10YR 4/3) to Yellowish brown (10YR 3/4)
C if present Dark brown (10YR 4/3)

Texture: Clay toclay loam

Consistence Slightly hard to hard when dry, friable when moist, sticky
toslightly sticky and plastic to slightly plastic when wet.

Chemicalproperties: A horizon: CEC about 20 me/100g. ; soils are slightly acidic,
H5.6 6.7, Organic Cvaries from 1.3 - 4.1%; N about 0.35%;
about 1.5 ppm. (also See FS{)

Seilclassification: Complex of orthic LUVISOLS and dystric NITOSOLS

For the description of representative profites see appendix 1, profiles #9 and #20.




Parent Material:
ReliefMzcro:

ReliefMicro:
Vegetation:
Landuse:

Soils, general:

colour:

Textuore:

Consistence

Chemicalproperties:

Soilclassification:

undifferentiatecbasanitesephrites atlantites, ankaratrites

Convex Footridges running perpendicularto mainridge 500
- 800 meters in width, Slopes 5 - 45% x

generally smooth with very occasional rock outcrops
annual crops, Fvcalpytus, Crotonetc. infarming areas.
mixedfarming

Moderatelywelldrained, moderatelydeep to shallow soils
The horizon transitions are gradual and smooth with the
exception of a cleartransition to C and abrupt transitionto
R;thesoilsaremoderately permeable. Occasionally exhibit
verticharacteristics.

Ahorizon predominantly Dark yellowish brown (10YR 3/4)
dry or very dark grey (10YR 3/1)

B horizons are commonly durk reddish brown (YR 3/4)

C horizon Dark brown (10YR 4/3) mottled with very dark
greyish brown (10YR 3/2)

Clay toclay loam

very hard when dry, very firm when moist, sticky
toslightly sticky and plastic to slightly plastic when wet.

Ahorizon: CEC about 27 me/100g.; soils areslightly acidicto

neutral, pH5.6.6 -7; Organic C 1sabout 2.3%; N about
0.23%; P about 5 ppm.

orthicLUVISOLS

Forthe description of representative profiles see appendix 1, profiles #2 and #7

3.4.6.3.

Mappigg Unit: VB1

Parent Material:
ReliefMacro:
ReliefMicro:

Vegetation:

Landuse:

LimuruTrachytes
Volcanic Plain; Slopes 0-5%

generally smoothwith accasionaltermite mounds, Often
rocky surface

Acacya, sp.in bushed grassiand.

extensiverange, wildlife




Soils, general:

colour:

Texture:

Consistence

Chemicalproperties:

Soilclassification:

Imperfectiydrained, very deep, moderatelyweathered
soils. The soilsshow little protile development and the
horizon transitions are diffuse and smooth; thereis distinct
and very deep cracking; soils have extreme swelling
characteristics.

A horizon predominantly Black (10YR 2/1)
AChorizon Black (2.5YR 2/0)
Clay

extremely hard when dry, extremely firm when moist,
very sticky and very plastic when wet.
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A horizon: CEC about 50 me/100g. ; soils are neutral, pH about

1.5; Organic C isabout 1.7%; N about
0.16%; P about 2 ppm.

pellicVERTISOL

Forthe description of representative profile see appendix 1, profile #13

Mapping Unit: VB2

Parent Material:
ReliefMacro:
ReliefMicro:
Vegetation:
Lasduse:

Soils, general:

colour:

Texture:

Consistence

Chemicalproperties:

undifferentiatedbasanites tephrites atlantites, ankaratrites
Valleybottom; Slopes 0-5%

generallysmoothand{lat, occasionalgilgairetief
Acacia, sp. in Themedagrassland.

grazing, arablecropland

Imperfectlydrained, very deep,moderatelyweathered
soils. The soilsshow iitsl;fpraﬁle development and the
horizon transitions are diffuse and smooth; thereis distinct
and very deep cracking; soils have swelling
characteristicsbut not asextreme as VB1.

Ahorizon predominantly Very dark grey (10YR3/1)
AChorizon Black (10YR 2/1)

C horizon very dark grey (10YR 3/1)

Clay

extremely hard when dry, extremely firm when moist,
very sticky and very plastic when wet.

Ahorizon: CEC about 52 me/100g. ; svils are slightly acidic on
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Soilclassification:

the surface, becomjnineuxral with depth. neutral, pH
about 3.7 (A} and 7 (AC); Organic C isabout 3.3%; N about
0.05%; P about 3 ppm.

pellicVERTISOL

For the description of representative profile see appendix 1, profile #1

Mappine Unit: VB3

Parent Material:
ReliefMacro:
ReliefMicro:
Vegetation:
Landuse:

Soils, geseral:

colour:

Texture:

Consistence

Chemicalproperties:

-Soilclassification:

Phonolites

Volcanic Plain; Slopes 0-5%

generallysmooth withoccasional termitemounds
Acacia, sp.in bushed grassland.

extensiverange, wildlife

moderatelydrained, moderatelydeep soils with gradual and
smooth horizonboundaries.

A horizon very dark greyish brown (10YR 3/2)
AB horizon Dark brown (10YR 3/3)

B horizon Very dark greyish brown (10YR 3/2)
Clayloam and Clay

very hard when dry, very firm when moist,
sticky and plastic when wet,

A horizon: CECabout 24 me/100g., soils are nearly neutral,
BH about 6.8; Organic C isabout 1.7%; N about 0.19%;
sbout 9 ppm.

levicPHAEOZEM

Forthe description of representative profile see appendix 1, profile #17




3.5. VEGETATION

The vegetation of the Ngong Hills is reflective of the topographic position, soils, climate and
humaninfluence, and thus, is highly variable. Itis therefore necessary to describe the vegetationin
sections, which correspond to altitudinal zones, as well as aspect. As the inventory of the
vegetation has been at areconnaissance to semi detailed fevel, and little detailed research hasbeen
carried out in the area, only a general description is possible. As there has been considerable
vegetation change in the area due to human influence, the included species lists include those that
may occurin the area, based oninformation from similar areas. (Confirmed speciesin the area are
differentiated from those that are might occur by an asterisk. ) This is considered reasonable as it
has been stated that the " floristic differences between extremes on a single mountain are usually
greater than the differences between the afromontagne assemblage as a whole onthat mountain and
the assemblage found on nearby , or indeed distant mountains.” (Unesco, 1978)

The various classification systems vsed by different authors (Greenway,1973; Pratt et al, 1966;
the Yangambi system , 1956; and Unesco, 1978) leads to some confusion in the application of a
classification typology. Indeed, even within publications of the same organization, (Unesco, 1978,
1979) significant disagreementamong typology exists.

3.5.1 Human Influence

‘The indigenous vegetation has been heavily impacted by humans and few if any "untouched " areas
remain. K.R.E.M.U. (1981) has indicated an average annual loss of 18 ha. of indigenous forest,

generally replaced with grassland and/or lower quality bushland, In 1980 only 156 ha. of forest
 remained in the 3077 ha. forest reserve. This is less than half of what was estimated in 1965.
Perhaps the most profound human influence has been fire (see Fire section) but gathering for
fuelwood and charcoal burning is also having an enormous effect. Although illegal, 71% of those
surveyed admitted gathering at least some of their fuelwood requirements from the forest. Onthe
lower northeast slopes almost every acacia over 7 cm. dbh has been cut recently, and there are
many remains of charcoaling piles. The law is obviously not being adequately enforced.

Although the intent of the forest department has been to re-establish an indigenous forest,
germplasm is difficult to obtain, and the following are the species in the nursery to be planted out
this year ( Findicatesindigenous species): '




Eucalyptus saligna Croton megalocarpus (1) .

Luceana sp. Acrocarpus Fraxinifolia
inyus sp. Casuarina equisetifolia

Eucalyptus maculata Schinus molle

Alberia caffra Pinus patula

Cupressus lustanica

Other species grown at the Ngong nursery which appear promising to the department and may be
plantedinfuture, include:

Jacaranda nimisoides Acacia sp. incl. xanthophloea
Ekebergia ruepelliana Spathodeacampanulata
Sterculia acutifolia Eleodendron

Erythrina tomentosa Marcunia

Markhamia hildebrandtii (I} Cordia abyssinica

As few of the above are indigenous, or have had extensive field trials, the long term survival is
uncertain. Indeed, even the short term survival is compromised, both by species/site
incompatibility, as well as often inappropriate planting techniques. The establishment rate for the
seedlings planted out to date has been low (personal observation).

The natural forest has been completelydestroyed in the agricultural area on the eastern and
northern slopes. Very few indigenous species exist, with the exception of some outstanding
examples of Arcus as well as some Euphorbia, Crolon megalocarpus aad Olea spp. Croton
megalocarpus is extensively planted by local farmers. Almost all of the other trees in the
agricultural area are Eucalyptus spp., Grevillea and Cypress. The most common annual crops are
maize, pulses, potatoes and horticultural crops. Some citrus, paw paw and bananas are also
grown. (for details of domestic vegetation see land utitization section)

3.35.2. Vepetation Classification

The variety within the following broad vegetation classifications is large, and varies not only
according to species composition, height and density, but also in other particulars of growth form
(ie. branching pattern etc.) The generalities ascribed to a particular class are just that, and great
variability in the architecture of stands, supposedly of the same type, exists. The complexity of the
forest types are further complicated by the composition of the intermediate types which link areas
of more discreet composition. This implies that further study of the profiles of the stands in
addition to the diameter, height, and species information should be carried out. This was not
possible during the present study.
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Undiffercatiated Afromontagne Forest

According to local elders, the Ngong Hills were once completely forested, with the exception of
open areas near the ridges and occasional glades. The importance of such a forest to the ecology of

the areaisillustrated inthe following figure.

Undifferentiated afromontagne forest (Unesco, 1979) presently exists on the eastern flank from
approximately 2000m to the summit at 2460m, This type is by no means contiguous overthe area,

and is interspersed with large areas of grassiand, chiefly 7hemedariandra. Species found or able

togrow intheafromontagne areainclude:

* denotes those species confirmed inthe Ngong Hills

Acokanthera schimperi*
Apradytesdimidiata
Brucea antidysenterica
Canthivm fresiorum *
Caseriabattiscombei
Cassopourea congoensis
Clausena anisata
Clematis hirsuta ¥
Cynoglossm caeruleum
Diospyros abysinnicus
Dracaeana afromontana*
Ekebergia capensis *
Embelia schimperi *
Euphorbia cussoniodes
Euphorbia candelabrum *
Grewia similis
Hallerialucida
Juniperus procera
Leptdotirchchilia volkensii
Maytenus hetero})hyﬂa *
Nuxia congesta

Ocotea kenyensis

Olea capensis
Oxyanthus speciosus *
Prunus africang *
Podocarpus falcatus
Psychotria orophila *
Rhytignia sp.*
Strychnos mitis
Xymalos monospora

Allophyluskilimanjarica*
Biospyros abysinica
Buddleia polyschya *
Canthium oligocarpum *
Cassia didymobotrya
Cassipourea malosana *
Clerodendrum myricoides
Cussonai holstit *
Cyperus ajax *

Dombeya goetzenii. *
Ehyretia cymosa*
Elaendendron buchananii *
Erhata erecta*

Euphorbia obovalifolia
Ficus hochstetteri
Hagenia abyssinica

lex mites

Kiggelarig africana
Maesa lanceolata*

Nuxia floribunda

Ocotea bullata

Olea africana*

Olinea usambarensis
Peperonia abyssinica *
Phytolacca dodecandra*
Podocarpus latifolious
Rapaneamelanophloeos
Schefflera volkensii *
Widdington cupressoides
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As previously mentioned the form of these stands is extremely variable. Towards the upper,
heavily windblown stopes, forest vegetation is sparce, lower and more contorted than on the
midslopes (often Adawenuvsheterophsilla and Nuxia congesta are conspicuous). Towards the
uorthern end of this zone, forest vegetation is now almost completely absent and only the odd
single stem remains. Thisfurther exacerbatesthe harsh climatic conditions and makesreforestation
evenmoredifficult.

There are a few small remnant stands of bamboo, Aruadirarra alpins, indicating that the area
received over 1200mm rain per year at the time of establishment. It also is an indicator of deep
soils. The bamboo isin great danger of extinction in the area and only two stands have been noted
in field surveys. Other species known to be threatened in the afromontagne include several
epiphydic orchids, living onmosses and tichens in the forest (they are indicators of environmental
quality). Not only has the forestitself been removed or degraded, but the trees are being stripped of
moss by people gathering for the local florists. This is removing the habitat of the orchids. In her
study of the orchids of the Ngong Hills, Kahyota (1986) noted the following species to be present
(11 species noted present in earlier studies were not found in 1986} :

Acrangis thomsonii
Angraecum erectum
Bolusiella iridifolia
Diaphananthe montana
Diaphananthe sub-simplex
Disperus kilimanjarica

Polystachya campyloglosa

Polystachya spatella
Raerangis amaniensis

Angraecopsis breviloba
Angraecum sacciferum
Chamaeangis orientalis
Diaphananthe rutila
Diaphananthe sp.
Eulophia streptopetala
Polystachya cultriformis
Polystachya transvaalensis
Stolzia repens
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3.3.2.2 Ly Iraasitionsl Montagne Forest

This zone merges with the dry transitional montagne forest lower on the slopes, although a precise
boundary is difficult to delineate. This type formerly covered most of the area now in agricultural
production and includes species from both the afromontagne and non afromontagne spectrum.

Common species of thistype include:

Albizia gummifera (nearstreams)*
Apodytes dimidiata

Bromus uniloides *

Carissa edulis *

Cassine buchananii *
Chaetacmearistata

Croton megalocarpus

Diospyros abyssinica

Dovylis abyssinica *

Ehretia cymosa *

Euclea divinorum

Grewia similis *

Manilkara obovata

Newtonia buchananii (near streams)
Phyllanthus discoides

Strychanos usambarensis

Teclea spp. *

Tricholadus ellipticus

Warburgia salutaris (ugandensis)

Acokanthera longiflora *
Brachylaena discolor
Calodendrum capense *
Cassia didymobotrya *
Cassipourea congoensis
Chrysophyllum riridifolium
Cyathula polycephala *
Dombeya goetzenii *
Drypetes gerrardia
Erythrina abyssinica
Fagaropsis angloensis
Hypoestes verticillaris*
arkhamia hildebrandtii *
QOlea africana *
Schrebera alata
Suregada procera
Rutaceae spp.
Uvariodendron anisatum

The grassland areas of the eastern slopes include the following species:

Ajuga remota*

Bothrichloa insculpta ™
Cineraria grandiflora *
Cynadon dactylon

Cynivm volkensti *

Digitaria scalarum *
Helichrysum odoratissimum *
Satureia biflora *

Stipa dregeana*

Thumbergii alata*
Verbascumbrevipedicellatum™* -

Aspilia pluviseta*

Carissa edulis *

Clutia abyssinica *
Cynodon nlemfuensis *
Digitana abyssinica*
Gutenbergia cordifolia *
Pennisetum clandestinum™
Solanum indicum *
Themeda triandra *
Thumbergit gregorii *
Verbascum scrophularifolium *

On the lower slopes of the gazetted forest zone and indicative of disturbance, over grazing and

fertility depletion, stands of the following species have developed:

Solanum indicum *
Acanthus eminens *
Aspilia mossambicensis *

1eonotis mollisima *
Ccimum suave *
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wing species have also developed onthe lower slopes of the forest reserve;

Abutilon longicuspe * Abutilon mayritianum *

Crotalaria agatiflora” Lantana trifolia*

Lippia ukambensis * Marytenus heterophylla *

Rhwus natalensis * Rhus vulgaris *

3.5.2.3. Doy Montagne Forest of the Western Slopes

The vegetation of the dry western slopes is in marked contrast to that of the eastern flanks of the
hills. Montagne forest exists only in a few of the highest and most sheltered areas, The remainder
of the west aspect is composed of thornbush scrub and grassland. The dry conditions of the slopes
are due to the rainshadow of the hill, aspect, shallow soils and steep slopes. The latter accelerates
runoff thereby lessening infiltration. The main species in this area are Acacig spp. and

Tarchoanthus sp. with scattered Euphorbia spp. Themeda tvandra and Hyparhenia cymesari
are the dominant grasses at higher elevations. Growth is slow in this zone and establishment of
new seedlings is problematic, Common species of the montagne forest of the dry western slopes

are:

Acacia spp. Bersama abyssinica*

Cussonia holstii* Euclea divinorom*

Euphorbia candelabrum® Euphorbia nyikae*

Heteromorpha trifoliata* Noxia congesta”

Qlea europeana* Senecio syringifolivs*

Senecio petitianus’ Tarchoanthus comphoratus

Teclea nobilis” Tecleasimplicifolia*
Vangueriatrifoliata®

3.5.2.4. Dry Wooded and Bosh Grass/aad
Dry bushland and grassland is the most common type of the western slopes. Commonly observed
speciesinclude:

Aloe spp. Acacia drepanolobium

Acacia mellifera Acacia seyal

Acacia tortillis Acaia xaathophloea

Aspilia mossambicensis : Carrissa edulis

Commelina sp. Crassula granviki

Cynodon dactylon Cyperus sp.

Cyphostemma rievense Digitaria scalarum

Dodonaea viscosa Erythrina abyssinica

Hibiscus fuscus Hyparrhenia cymesaria




Kalanchoe densifiora Maytenus spp.

Ocimum suave Rhus patalensis
Rhus vulgaris Rumex usambarensis
Scutia myrtina 7 Tarchonanthys camphoratus

Themeda triandra




3.6. WILDLIFE

The Ngong Hills once supported a large and diverse wildlife population, including the now absent
elephant and rhinoceros. The decline in both therelative area and diversity of suitable habitat, has
led to a corresponding reduction in game. However, significant resources still exist in the area.
Buffalo are commenly observed in the forest, and eland, baboons, leopard and various antelopes
- including impala, bushbuck and dikdik, are among the local species. Giraffe are often present at the
foot of the western slopes. Lion, although once common in the area, are now very rare. A wide
variety of bird life is present with swifts and several species of birds of prey, including the
crowned eagle, being conspicuous. There have been no game counts inthe area, nor hasthere been
any attempt to identify species, habitat condition, or to establish a wildlife management plan.
Generally speaking, the area has received littie attention from the Ministry of Tourism and Wildlife
despite the considerable potential to generate foreign exchange through additional wildlife based
tourism.

Wildlife depredation is a majorissue inthe area. Wild pigs are cavsing an extraordinary amount of
crop damage on the eastern slopes and many farmers reported complete crop loss. Fifty five
percent of the surveyed farmers reported depredation by pigs , while twenty eight and twenty five
percentreported damage bybuffaloand porcupines, respectively.

The possibility of increasing the wildlife carrying capacity of the areathrough habitat enhancement,
hasbeen explored in the landscape plan. The seasonal habitat requirements of the various species
have been examined to determine the feasibility of providing agreater mosaicthan presently exists.
Such a strategy will help maintain a diversity of game by both providing additional habitat, as well
as minimizing niche competition, especially during the dry season. During the wet season, boththe
amount and palatability of grasses and browse are at their maximum and serious competition is
rarely a problem. It is in the dry season that the greatest ecological separation of species takes
place. This must be addressed in the type of habitat provided by such efforts as reforestation and
grassiand enhancement, if species diversity isto beincreased.

As many species of game are hosts to disease (particularly East Coast Fever) carrying ticks,
utilization of the forest reserve for grazing by domestic stock or fodder production presents major
problems. The Ngong Hills are extremely problematicin this regard, as several different varieties
of the diseases are present. A research programme is underway in the area to find methods of
immunizing cattle against ECF. Local buffalo are captured and a serum is prepared from their
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blood. This is subsequently injected into domestic stock, protecting them from the disease. The

programme has been extremely successful and, given the potential for dairying in the area, is very
important and should be continued and expanded.

3.6.1 Major Wildlife Species

The following section discusses the characteristics and planning implications of the major species
found in the study area. A partial species listisincluded.

3.6.1.1 Bualfalo (Svoervs calter)

Buffalo are the among the most conspicuous wildlife species in the Ngong Hills and range over a
considerable portion of the study area. Although confined for the most part to the forest reserves
there have been frequent complaints by local farmers of buffalo caused crop depredation. For the
most part, the problems have occurred only during very dry seasons and drought when the animals
are under considerable stress. A fence was established along the forest boundary but both the
original design and maintenance have been insufficient to keepthe beastsout of the farming area.

Although buffalo in other areas commonly congregate in herds of up to 400, there are nowhere
near that many animals in the Ngong Hills. Reliable estimates by either local officials or farmers
have not been available and a proper count was not included in thisstudy. A royg# estimate of the
number of buffalo in the forest reserve would be about sixty, as occasionally there are reports of a
herd near that size. The author, however, has never encountered such a herd, and generally smali
bands of five or six individuals are the norm. Single animals have also been encountered. Herds
are quite stable and will usually stay within a range of three to twenty kilometers aithough
occasionally they will go farther. In the hills they tend to prefer the higher altitude forest, small
meadows, and thickets within close range of springs. This fact often brings them in conflict with
humans gathering firewood or water inthe area. There is occasional conflict with tourists but there
have been no reported buffalo caused deaths in the Ngong Hills.

Although buffalo will browse, they aré predominantly grazers (Pratt, 1977) and prefer especially
green grass near water courses as they drink daily. Their habit of wallowing frequently enlarges
small ponds allowing greater water storage when rains fall. Lamprey noted the following feeding
observations of Buffalo: * %4 per cent were grasses, | percent other herbs and 5 percent shrubs. Of
the grass species eaten in Tarangire Reserve, 21 per cent Cenclirus cilian’s and 12 per cent
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Lragrosiis superba. These observations have been confirmed and extended by Sinclair and

Gwynne (1972). {4z Pratt, 1977). o areas where the densities are high enough, the grass sward {s
kept short and this alfows other smaller grazing speciestofind suitable feeding niches.

3.6.1.2. Eland (Tauromragus oryx)

Eland are common in the Ngong Hills, particularly on the southwest slopes and the south end of
the main ridge where herds of up to eighteen are often seen. Population data is currently
unavailable but given the importance of the species, the biologist at Ngong should do a complete
count of eland, if not for all the large mammalsin the area,

The eland is the largest member of the antelope family in Kenya with adult malesreaching 839kg..
ashoulder height of 160 cm. and alength of 317 cm. (Meinertzhagen, 1938). Although large herds
have been observed in other areas, generally in the hills, they do not exceed the congregation of a
few family groups (10-18 individuals). Individual adult males are often seen in the steeper, more
inaccessible areas. The gestation period is 262 days with a single calf usually born during the long
rains.

The feeding habits of eland have been observed by Lamprey (1963) who recorded the following
vegetation utilization (in the Taragire Game Reserve): grasses, 70%. other herbs, 9% shrubs, 9%.
trees, 12%. Their influence on habitat is generally considered to be beneficial (even on domestic
ranches) due to their tendency to reduce woody species.

Preferredspecies:
Grasses: Cynadon nlemfuesis, Cenchrus cilaris, Themeda triandra and Digitaria milanjiana
Trees: Dalbergia melanoxylonand Kigelia africana ( K. acthiopum)

Eland can tolerate fairly dry conditions and are often found considerable distances (upto 40 km,)
from water sources. Hence, their preference for the western slopes where, although water is
scarce, their preferred food species are present, human harassment is less than on the east slopes
and thereis a greateramoum of escape terrain.

The eland is a gentle creature by nature and poses little danger to visitorsin the area. The reverseis
more likely the case with heart and metabolic rates no doubt increasing with human encounters.
This occurs even if the animal doesn't flee. However, the eland may become habituated to human
presence and they are one of the most promising species for domestication. Several such
experiments have been carried out in Kenya and indicate the species is capable of good growth and
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reproduction rates while under domestication. The resistance to disease has been found to drop
considerable when the animals are confined (Pratt, 1973). The hardiness of the free ranging anima!
in the face of several tick related diseases in the area has been attributed to it's diverse diet of

browse and grasses.

Particular attention should be paid to eland habitat enhancement, asit is not only a major attraction
to visitors in the area, but has some, albeit limited, game cropping potential should existing laws
prohibiting suchactivity be changed.

3.6.1.3. Giralfe (Giraffacamelopardalis)

(iraffe are present in the study area although they are limited to the western and southwestern
semi-arid fringes of the hills. The animals do not extend into the eastern, northern or steeper
portions of the study area. Herds of up to twenty individuals are common at the base of the hills
although solitary individualsare frequently seen. While nopopulation dataisavailable, densitiesin
the afoerementioned areas do not appear to be excessive. Due to their browsing nature, giraffe are
not i direct conflict with the local cattie, although there is some competition with goats. Giraffe
reach a shoulder height of between three and four meters and weigh up to 1000 kg. Gestation
period is about fifteen months with a single calf the norm.

Wooded or bushed grassland or riparian woodland is considered ideal habitat. Due to their height
they do not enter dense forest. Giraffe are browsing animals and their favorite species are Adcacr.
spp. and Balaasies spp. The closely cropped form of these species is due in most part to giraffe.
The canopy area and tree height of the preferred species are restricted by browsing, although
canopy density usvally increases. The reduction in mature Acacimnd Falamtespecies, primarily
by fuelwood gatherers and charcoal burners, combined with poor regeneration due to overgrazing,
isleading toareductionin giraffe habitat.

3.6.1.4. Dik-Dik (Rbynehotwraguy firkir)

The small dik-dik antelope is common throughout the hills and may be observed singly or in
groups of two or three. As the animal does not require free water it is often found on the drier
western slopes where ft both grazes and browses, Due to it's adaptability, the dik-dik is able to
withstand fuirly heavy human influence and often survives in overgrazed areas. Gestation is four
months leading to a single young born in the rains.




3.6.1.5, Impala (Acpyeeros melampus)

Limited numbers (personal observation) of impala are found in margins of the hills. Most of the
animals are found in the southeastern portion of the study area, particularly in those areas with
accessible water, limited steepness, some bushland and few humans (eg. University forest). Asin
all of the species mentioned there have been no counts made. The avthor has only made one
observation of impala in the area in addition to finding a recent skull. Although the animals
generally occurin groups it is appears that thisis rare inthe Ngong Hills as reported sightings have
beenlimitedtoindividuals.

Impala are both grazers and browsers and Lamprey (1963) has observed the following distribution
of diet: 92% grass; 6% tree and shrub foliage; and 2% herbs and sedges. Other studies have shown
lower percentages of grasses, (Talbot and Talbot, 1961). Cymadon is a preferred grass species
while Acaciz tortifisruits are also eaten. In well watered areas impala do not require free water
but, rather, derive their requirements from green grasses and dew. They are not generally
considered in competition with domestic stock and are not known to detrimentally effect vegetation
(Pratt, 1973). Gestation period is 196 days and birth is given to one young, generaily in thick
cover. Adult males are 63-73 kg., while adult females are 43-48 kg. Shoulder height is
approximately87-95cm.

Major Large Mammals of the Ngong Hills
* denotes those present at one time but now absent

Common Name ScientificName
Buffalo Syacervs cafler
Bushbuck Tragelaphus scriptus
Dik-dik Rynochotragus kirkir
Eland Taurotragus ogyx
Elephant* Loxodoata aficana
Gazelle, Grant's Cazella grantt

Guazelle, Thomson's Gazellathomsontt
Giraffe h Giraffacamelopardialis
Klipspringer Creolragus oreolragus
Kudu, Greater” Tragelaphus strepsiceros
Kudu, Lesser* Strepsiceros imberbis

Leopard . Paathers pardus
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Lion

Monkey, putty nosed

Monkey, black and white Colobus
Ostrich*

Rhinoceros*

Warthog

Zebra, Burchell's*

Fanthera feo
Cercopithicusnictitans
Colobys abyssimicus
Struthia camelvs

Drceros bicornis
Phacochoervs aethiopicus
Eguus burchelli




3.1 ECOSYSTEM STABILITY

Change is inherent in any given ecosystem; species composition, diversity and complexity are all
subjectto variationovertime. Yetecosystem stability may be retainedin spite of (and oftenbecause
of) this variability. It is, however, important to understand where the boundaries are to this cyclic
stability, for once exceeded, the ability of the system to recover to it's former state may be
threatened. Human perturbations often push an ecosystem beyond it's natural cyclic boundaries
and a new cyclicity may be imposed, often with very different production characteristics. If the
pre-perturbation stability is to be re-established, inputs (eg. energy), will be required to move the
system back withinthe criginal boundaries

The use of the term stability can be problematic as it is, * a value loaded concept and is closely
related to the notions of eguilibriumand balance. It conjures upimages which are at once utopian
and profoundly nostalgic." ( Ives, 1984) However, the concept is useful in that it gives some
indication of the condition of an ecosystem. Winiger(1983) has used the terms stability and
instability in relation to various systems of agricultural use, which are applicable in the
investigation of the Ngong Hills ecosystems. A distinction is made between natural ecosystems,
adapted agricultural systems, compromise agricultural systems, and disintegrated agricultural
systems. (see chart) Each system requires different types of inputsto maintain stability. The adapted
and compromise systems are the most likely to be found in the Ngong Hills. Stability is used here
to indicate a condition which allows for sustainability of production. Sustainability is seen to be
maintenance of production over at least two generations. Damages caused by the land-man
relationship (erosion etc. ) are alsorepaired within that period.

In the Ngong Hills the ecosystem has been negatively impacted. The former closed circuits of
autrient recycling in the tropical forest ecosystem (see foliowing figure) have been modified into
semi-open ones, in which the flow of resources is leaving the system (in the form of fuelwood,
fodder etc.) and is not being replaced by other inputs. The result has been ecological degradation.
If now left to recover, there is no guarantee thas the system will return toit's pre-perturbation state
and, given the new demands that are being placed on the ares, it probably isn't desirable that it
does.
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Figure 29.Different Levels of Produciion & Related Flows of Substances &
Energy

An understanding of the natural succession and the possible shortcuts to the desired seral stage is
desirable if cost effective management interventions are to made. If pre-climax stages must be
maintained in orderto meet management objectives (eg. fodder production), energy inputs wifl be
required. If climax forest is seen as desirable, then those areas that will succeed most quickly to
that stage should be selected for initial investments. These include: well watered sites with some
existing woody shrub cover and those areas in close proximity to existing indigenous stands which
should be used as a major source of germplasm. The rate of succession te climax forest will be
determined, to alarge degree, by the amount of human intervention, in the form of planting and site
preparation, grazing management, andfirecontrol.




The stability of the purely agricultural areas is determined by the cycling of substances and energy.
The higher the demands placed upon the system, in terms of biomass removed, the higher the
necessary energy inputs to maintain stabitity and sustain production. The design of systems that
meet these energy demands from within the system itself (adapted and compromise systems), is
important in areas such as the Ngong where external inputs are generally not affordable by local
farmers. The necessary inputs may include human labour or "home grown" fertilizer produced by
nitrogen fixing trees intercropped with annual crops or grass/browse species.

3.2.1. Fire

The influence of fire has probably been most responsible for the establishment of grasstand in the
area and the subsequent inhibition of succession. Early burning by Maasai pastoralists to improve
the amount and quality of fodder undoubtably influenced vegetation composition. The timing of the
burning also has also had a marked effect. Fires towards the end of the dry season tend to more
fierce and make greater incursions into the non grassy areas. As the trees and shrubby component
are consumed, the species composition changes towards a grass species preponderance, As the
grass content increases, the danger posed by the fine fuels to the remaining relatively fire tolerant
species increases, and eventually, even they are destroyed. A pure grassland remains (often
dominated by Zhemeddariandra ot Hyparrhenia spp.) This is precisely what has occurred in the
Ngong Hills. Repeated burning (as part of the original Maasai management of the area) coupled
with more recent fuelwood gathering and clearing for cultivation has left the majority of the area
Themedagrassland.

The effects of burning and the timing of the burn is subject to debate. Some researchers claim that
burning late in the dry season causes little erosion as it leaves the soif exposed for only a short
period of time before the rains start and growth resumes (Cook, 1965). However, given the
erosive capability of the rains in hill country such s Ngong, (maximum 24 hour rainfalls approach
140 mm) a considerable amount of erosion can occur in a short time. In addition there is substantial
evidence that hot burns, late in the dry season, can consume organic matter, thus reducing the
water holding capacity of the soil. (West, 1964). Micro flora and fauna as well as soil structure may
also be damaged by repeated or intensive burns. In light of the possible negative effects both on
soils and forest establishment, and the present fire control capability of the Forest Department, it is
suggested that all burning be discontinued in the area and that a fire control plan be prepared. This
would include the establishment of a vegetative fire break at the forest boundary which would not
reactquicklytoigaition,

Itis not suggested that grasstand be completely efiminated from theforest reserve, but rather, that it
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be significantlyreduced. The grasslands have been very important tolocal pastoralists acting as dry
seasonreserves. Inaddition, the diversity of habitat and the "edge effect” provided, is important to
wildlife. The complete withdrawal of grazing rights may have serious consequences to adjacent
ecosystems where the additional pressure will have to be accommodated. Asit hasbeen found that
the effect of mowing is similar to fire ( in terms of most aspects of succession inhibition), it may be
possible to establish cut and carry grasslands in the lower reaches of the forest. This would have
the dual benefit of providing much needed fodder, as well as reducing the danger of fine fuel
ignition and subsequent forest damage. A cut and carry system would also reduce the damage to

planting stock by grazing animals.

3.7.3. Resource Stability Mapping

The stability of the resources affecting primary production has been examined utilizing the
methodology previously described. The result hasbeen the series of stability maps. These indicate
which areas may be considered resourveconsvming nequilibrivm, or resource conservigg They
also illustrate in a relative sense, the total impact of current land uses throughout the area, Eg. As
would be expected, the high density settlement in Ngong Town has a very high impact on the
resources examined, Farming onthe eastern slopes, under current management techniques, is also
extremely resource consuming on some physiographic site types, whereas, extensive grazing inthe
Rift Valleyis less so.

It must be stressed that these maps indicate trends under the common management techniques of
the area and are not quantitative, Nor dothey express the precise conditions on each land unit, For
example, an area may be indicated as being resource consuming in terms of soil erosion. The
methodology does not account for soil conservation structures and assumes they are not present
{which is the case throughout much of the area). The condition of resource consumption holds
true, if indeed, no conservation structures are present, but may be otherwise if they are on site.
Currently, the maps indicate risk areas and local land manager's will have to assess the success of
any structures on an individual basis. The original methodology was to include an assessment of
the safeguarding provided by soil conservation structures but the quality of the most recent aerial
photography did not allow forthe necessary interpretation.
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Perhaps the most useful application of the maps is an indication of which areas should receive

priority atientiongiven scarce developmentfunds.

3.7.3. ' Summary

Although presented in a segmented fashion, the ecology of the Ngong Hills must be considered in
a holistic manner. Manipulations within one part of the syétem will bring about corresponding
changes in others, eg. soils, microclimate and water availability etc. Whateverthe systems used by
local peoples and other resource managersin the area, they must respond to the realities of nutrient
and energy cycling. If the level of demand placed upon the system exceeds theinternal and external
inputs, instability arises and sustainability of production is surely threatened.

The Ngong Hills is a varied and diverse landscape with a correspondingly diverse land use
spectrum. If land use is to be sustainable, it must be guided, to a large degree, by the ecological
processes at play inthe environment.
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Ch.4

The Socic-Beconemic BAvironment




4.1, THE SOCIO-ECONOMIC ENVIRONMENT

The landscape of the Ngong Hills has been changed and adapted over time by local peoples in an
attempt tomeet their needs and aspirations. The enormous changes that have occurred, have had, as
their driving force, the strivings of people to take or nurture from the land those resources they can
use. The present landscape reflectsthat force, and, at least a partial understanding of the landscape,
comes with anunderstanding of the sociclogical structure,

4.1.1. Population and Labour Force

The latest population enumeration was the census of 1979. However, due tathe lack of coincidence
of census and study area boundaries, as well as the considerable change in the last eight years, the
1979 results were used onty for Ngong township (adjusted for an annual growth rate of 5%.) The
1979 census was 3997 people and the 1987 estimate is 5605. For the remainder of the area, the
average number of individuals per farm was determined from the farm survey results and this
figure was multiptied by the number of farms.

The survey indicated an average number of 9.8 individuals per farm (not necessarily family units).
Counts from the 1986 photography indicated a total of 732 farms. This yields a total population in
the area of 12780 including Ngong Township. With an average farm size of 2.83 ha., the
population density in the farming area of the eastern slopes is 346 persons per square kilometer. On
the western slopes , densities are far lower and are estimated at less than 20 persons per square
kilometer. The age class distribution is presented in figure 32. The female to male sex ratio was

0.98: 1. Fully 69.1% of the population isbelow the age of 25, indicative of extremely high future
growth.
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Figure 31, Population Projection to the Year 2000
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Figure 32, Populatior Distribution by Age Group
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If the 15-54 age group is considered the primary work force, the dependency rate is 1 potential
worker to 0.84 dependents. This can be considered reasonable given the national context.
However, these are averages for the area and do not indicate the labour situation on individual
farms. In many cases children and elders contribute significantly to onfarm labour, Survey results
indicated that, on average, there were 0.8 adult malesand 1.2 adultfemales available forfarm work
(per farm). The difference in males to females is attributable to the off farm employment
opportunities for each sex. An average of 0.7 males and 0.2 females per farm work off the farm.
Maay of these individuals are working in Nairobi. These figuresindicate that a majority of the farm
labour falls on the shoulders of women. This, coupled with the traditional division of labour, puts
an enormous burden on the women of the area. The following division of iabour istypical of many
farms.

Table 7, Division of Labour on s Typical Smallholding

ACTIVITY MALE EMALE
WaterCollection& Transport *
Fuelwood Collection & Transport *
Fodder Collection & Transport . *
Cooking and Domestic chores *
Childcare *
Crop Husbandry . *
Animal Husbandry * .
Off Farm Employment * .

Primary responsibility * Secondary responsibility =

Fifty four percent of farms hire extralabour for at least part of the year. The average number of full
time workers (or equivalent)is 1.4 perfarm. The average total available labour would therefore be
3.4 full time workers. Considering the average farm size of 2.83 ha., this mumber is sufficient for
intensive farming systems for most of the year. Using oaly these averages for labour problem
diagnosis gives a misleading picture, as 39% of the farms reported seasonal labour shortages,
particularly during planting and harvesting periods for maize/beans. The cost of labourinthe areais
15-25 Ksh./day and this is a problem for many farmers with limited cash resources. There is no
question that labour isavailable if the cost canbe met.
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Lack of education contributes to a maintenance of both the traditional division of labour and
farming methods. The average length of education of the questionnaire respondents was 5 years but
there were many instances of complete lack of education.

Attendance at school is now compulsory for children and educational levelsare rising considerably.

4.1.2. loyment omic S s of Houscholds

Determination of income was difficult as many respondents were either reluctant to reveal their
income or kept 1o records and couldn't give an accurate estimate. Only 61% of respondents felt
they could estimate their income and these tended to be in the middle and upper income groups
(relative to the sample population). Those that couldn't or wouldn't respond often were at the very
lowest end of the income spectrum. The following chart of population distribution by income group
does not include this group. Similarly, the average income per farm of 2836 Ksh. per month is
higher than it would be if all farmers in the survey were able to respond. However, even with this
bias 60% of the population earn less than 2000 Ksh. per month per farm wnit and this som must
support an average of 9.8 persons. The average income amounts to 3472 Ksh. per person per year.
Savings of any kind (including savings in the form of livestock or other farm investments) are only

possible for 31% of the farms.
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Figore 33, Population Distribution by Income Group per Farm Unit

Note: This chart ilfustrates only the distribution of those people who were willing and able to
estimatetheirincome.
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By far the greatest amount of cash for most farms comes from off farm employment which
amounts to over 70% of the reported income. The balance is made up of sales of: cash crops
(11%), surplus foods (7%), livestock related products (11%) and gifts or remittances (1%) (See
figure 7). As the total income of the farm rises, a greater percentage comes from off-farm
employment. The importance of off-farm employment is partially attributable to the proximity of
Nairobi where there are employment opportunities. It is also indicative of the low degree of market

orientation of thefarms,
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Although 19% of farms reported some type of cottage industry, the generated income was
invariably low. Types of cottage industries included: spices and condiments, leather goods, hand
madesisal products, embroidery and furniture manufacturing and repair.

Although the cash generation figures indicate the relatively small cash importance of agricultural
activities to the economic well being of the farm unit, the subsistence level of most farm activities
mustberecognized. With limited employment opportunitiesthere arefew alternativesto agriculture
for most people. Farming is still providing most people in the area with much of their food.
Although 76% of the farms are near self sufficiency in food production, 86% still report seasonal
shortages of staples. Of those reporting seasonal shortages, 47% report them only in bad years,
while 15% note them in most years and 37% experience shortages even in good years. Clearly,
thereis need for productionimprovement in order to adequately meet thisbasic need. Lack of cash
for inputs such as fertilizers and improved seed is a major constraint (See land utilization types for

additionalproductionconstraints).
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Livestack related products are currently about equal to arable agricultural activities in terms of cash
generation. This area has great potential for improvement in the Ngong area. There is a large and
expanding market for milk and farmers can easily self all they produce. Although there is a dairy
co-operative, milk collection and marketing is a problem for many producers. In addition,
payments are often delayed causing cash bottlenecks. Other constraints to improved milk and
livestock production are: fodder shortages, inadequate credit facilities for purchase of grade cattle,
and disease and veterinary problems.

Wood products, including building posts, poles, and fuelwood do not figure prominently in either
cash generation or production for on farm use. This is another area for potential improvement. The
market for such productsis substantial and well developed inthe Nairobi area and producers would
have little difficulty seiling. In addition, scarce cash resources could be diverted to other uses if
farms produced more, or were self sufficient, in these products. Fuelwood in particular has
potential asacash crop,

Cash crops and surplus food sales accouat for about 17% of the total farmer income. Coffee is
grown on only a few farms as it requires cash inputs for chemicals etc, Although the area is a
marginal coffee area it has not met with a great deal of farmer acceptance. Similarly, pyrethrum
which was grows in the area in past years, has fallen from favour, due mainly to market
difficulties. The main agricultural cash generators are maize, beans, and potatoes, followed by
irrigated horticultural crops such astomatoes, cabbages, onions, and spinach grown for the Nairobi
market. Astherisk of maize failure is high (25%) and few farmers have any irrigation, the need for
alternative cashcrops, particularly those that require little cash outlay, is great.

The average expenditure paitern of farm unitsin the area is presented inthe following chart. Despite
the fact that a large proportion of the respondents said they were at or near self sufficiency in food,
expenditures in this category are still the highest. This variance may be attributable to the fact that
the chart reflects only those who could estimate their expenses and this group has a higher income
and tends to rely more on off-farm employment. In addition, there may have been a tendency for
respondents to exaggerate their self sufficiency and down play production deficits.
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Figure 35, Expenditure Pattern

Those {armers who couldn't estimate their expenditures were most often in the lower income
groups. These individuals were asked to rank their expenditures as either major, moderate or
minor. From this ranking energy emerged as the most consistently major expense followed by
shelter, crop inputs, food and clothing. The relatively high ranking of shelter may be theresuit of a
greater percentage of individuals in the lower income groups who rent their land. It would also
appear that the lower the income, the greater the reliance on self produced food. Energy
expenditures as a percentage of income necessarily go up for this group.

4.1.3, ' Agricultural Costs and Prices

The possible options opento local farmers are determined in large measure by the economic reality.
The following section summarizes some of the key areas.
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4.1.3.1. Credit Utilization aad Costs

Creditutilization was difficult to elicit butis estimated as low. Financial institutions lending tolocal
farmersinclude the Kenya Commercial Bank, the Cooperative Bank Forlarge co-op operations),

the Agricultural Finance Corporation as well as private banks in the area. Loans are occasionally
made for farm improvements and stock upgrading (see below). Title deeds to land are generally
requiredforcollateral.

The Agricultural Finance Corporation isthe most commonly utilized credit institution. The types of
loans they will consider are presented below:

Table 8, Types of Loans Available

Typeof Loan Repsyment Interest Minimum% Remarks/Security;
Period (yr); Rateg) Down Payment
1)LAND PURCHASE
up to 20 12 20-40
2)DEVELOPMENT
5-10 12 varies Secured bytitle deed
2a)Dairyloan 5-10 12 - Repaymentthrough
(cattle,sheds,dips) LR.O.(irrevocable)
2b)Ranch joan
i. development 20 years 12 20 Repaymentat sale of
animals. Working
capitat providedatfull
ii working 2 years 13 amount for first 2 years
capital ~ Thensliding scalefor8
years, May be 4 year
graceperiodon
developmentloans.
2c)SheepLoan 5 0r 10 years 12 Only justified when
(breeding stock, farmercanwarrant
dips, pasture higherstockingrate.
improvement,fencing Must be mixed farm.
2d)Pig Loan 3 -5 years intended marketmust
1, development 12 be shown
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Period ) l_lg,gl DownPayment

1i. working capital 13
2e)Pouliry Loan Restricted to areas with
(chicks, feed, working capital) localmarketing

i, Feed 2 years 13 advamage. Minimum

size

ii Others 4 years 12 layer:500Broiler:1000
2{)Pasture Improvement Loan
(leyestablishment,
paddocking 5 years 12 Totat loanbased on # of
fencing) animalsto bekept.
2g) Coffee loan

1y working capital {year 13 Must have coffee
license

1i processing etc. 3 - 10 years 12 25 May be 3 yeargrace
2hyWaterLoans 5 - 10 years 12 25 Must have water permit
{tanks,damsetc) : Musthaveinstalledeq.
21) Seasonal Crop Loans
formaize/wheat 1year 14 20 Financed attherate of

Ksh. 1 360 per acre.

2j) Other Seasonal Crop Loans

(maize cotton wheat,
sunflower, potatoes, horticultural
crops) 2 years 13 25 Financed at the rate of
Ksh. 1000 per acre
Secured bytitle deed.

Notes:

1. Unless stated otherwise a grace petiod of 1 year after loan disbursement is granted.

2. Imterest rates are bound to change from time to time.

3. Most AFC loans are secured by title deeds; limited unsecured credit of upto 50 000 Ksh. canbe
granied whereappropriate securityisnot availabie. '

Source: A.F.C.Development House, Nairobi and Farm Management Handbook of Kenya Vol.
I11B

4.1.3.2. Agro Inpot and Commodity Prices

This topic has been dealt with in a very detailed manner in the Farm Management Handbook of
Kenya Vol. IIIB (Ministry of Agriculture, 1985). Readers are referred to that publication for further
information.
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4.1.4. Infrastructure

In relation to the rest of the country, The Ngong Hills area is very well served by a developed
infrastructure. This however, is not to say that it is optimal, and there is much scope for
improvement.

4.1.4.1. Roads and Trapsport

The road network in the study area is adequate in terms of it's extent, but is in need of additional

upgrading and maintenance. The Settlement and Infrastructure map illustrates the road network by
type and condition. The best roads in the area are the main Ngong to Nairobi Road, the Ngong to
Kiserian Road and the Magadi Road, all of which are hard surfaced.

The upper circular road, which is the major spine of the study area, is unsurfaced and difficult for
two wheel drive vehicles to negotiate after heavy rains. The road width and alignment are
satisfactory given the present and anticipated levels of use. Drainage structures (culverts, channels
and ditches) are often blocked, giving rise to over road flows and subsequent running surface
damage, Sidehill cuts need stabilization in several locations if future high maintenance costs areto
avoided.

The aesthetic quality of the upper circular road is very high and the route is a popular pleasure drive
for Nairobi residents, particularly in combination with the route around the hills. The alignment
follows the contours and wraps gracefully around the many footridges of the hills. Running, as it
does, between the 1900 and 2100 meter contours, framed and open views are afforded of both the
skyline of the ridge and the hills below the road. Although contributing significantly to the spatial
variety of the alignment, the roadside planting could be greatly improved and better coordinated.
Presently, the roadside is underutilized and in need of rehabilitation. Improved planting in thislarge
niche could add, not only to the scenic quality of the road, but, more importantly, to the functional
requirements of the right of way (ie. erosion control and sidecut stabilization, provision of shade,
fodder and fuelwood),

The many side roads and small tracks throughout the farming area provide both vehicular (often
only 4x4) and pedestrian access to the farms. Generally, these are located along the ridge tops and
in the valley bottoms. Maintenance on these tracks appears to be close to nil and many are nearly
impassable to two wheel drive vehicles, even in the dry season. Large volumes of water run down
the roadways and serious gully erosion is evident in many locations. Diversion ditches are
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desperately needed along most of these routes but these must be placed in sucha way as to prevent

large discharges into adjacent farmers' fields. Although too narrow in some places to allow
planting, there are many presently unutilized locations that would be suitable for additional plant
material.

A similar situation has developed on the main road to the top of the hill at the north end of the ridge.
Inadequate initial design and poor maintenance has resulted in erosion so severe that the road had to
berelocated parallel tothe original route. In places, the second road is below surrounding grade by
asmuch as 2 meters and it too will soon reach the condition of the first alignment.

Because of this the hill top is no longer accessibie to saloon vehicles for most of the year. Asthisis
the main access and the local council is charging admission to vehicles, there are economic as well
as ecological reasons for improving and then properly maintaining this road. The road ends at the
radio beacon but a smalier track proceeds beyond this point for more than a kilometer. In addition
to disturbing hikers, four wheel drive vehicles have caused considerable vegetative damage along
thisroute,

Access to the ridge from the south is via a 4x4 track from the Magadi Road. No maintenance is
carried out on this track either and there are several focations of serious erosion. The road makesits
way to a point just below the highest summit from which a foot trail proceeds for several kilometers
along the ridge to the north accessroad. Views from both of the ridge access tracks are spectacular
and varied.

The road network in the Rift Valley portion of the area is limited to the western circular route and
unimproved 4x4 tracks branching from it. Many of the [atter are impassable in all but the driest
seasons. Erosion on many of the tracks is cavsing the development of parallel roads which in turn
alsodegrade.

While the distribution of roads appears to adequately serve the populus, the condition of many
tracks renders them unsatisfactory. Farmers who do have vehicles can often not use them and those
that don't have to haul their produce on foot to a point that public vehicles can reach. The lack of
public transport on all but the hard surfaced roads means that most of the people in the area have to
walk very long distances to reach transport, This affects not only the transport of produce to
available markets but also the possibility of finding and taking work elsewhere. It also contributes
to the number of absemee members of families who live and work off farm. A matatu (privately
operated small bus) service along the upper circular route would greatly improve the situation for
many people. However, matatus would not be able to operate in wet weather given the current
condition of the upper circularroad.




4.1.4.2. Water Supply

The Ngong Hills have traditionally been a plentiful source of water. Indeed, the very name
"Ngongo" refers to the eye, spring or source of water. Unfortunately, shortages of water are now
the norm for many local residents. Water rationing occurs in virtually every part of the study area
that has piped water including Ngong town itself. Most schemes turn the water on every three

days. Increasing populations have brought about an ever increasing demand which given present
resources is not possible to optimally satisfy (see hydrology section). This demand has led to a
numberof developments.

Several water projects have beeninitiated in the areainrecent years. Many have been completed or
are nearly so while several others are in the planning and construction phases. The infrastructure
mapindicates the location of piped water projects. In addition several new boreholes are plannedto
help meet the demands of Ngong Town and adjacent areas.

Many of the projects have been developed on a harambe or self help basis, with the government
providing matching funds as well astechnical advice. Several springs have beentapped inthe hills
but these are often shallow sources and are at their production/utilization Limits, Their are many
private boreholes in the area and these serve not only the owaers but very often the population in
theimmediate vicinity. There arefewretention damsinthe area, althoughthereis great potential for
more. Water points including piped water schemes are located in the areas of greatest population
density namely the eastern slopes and their is very little to serve those in the west. The following 15
the percentage of farmers who report their main source of watertobe:

Borehole 19.7%
Piped water (within 1 Km.) 57.6
Trucked{delivered) 4.5
Spring 18.2

38% claimed their drinking water supply was inadequate and 48% had difficulty securing adequate
water fortheir stock. 62% have some water storage facilities and 48% are employing some form of
waterconservation.




142
4.1.4.4, Lxteasion Services

Extension servicesare provided maialy by the Department of Agriculture who maintaina District

Agricultural Officer with a staff of 11 working from the Ngong office. Advice on arable agriculture
and livestock development is available and their are a few model farmsin the area. The department
also has a bee keeping extension service that visits the area. The Ministry of Energy ( Kenya
Woodfuel Development Programme) has a few agroforestry demonstration plots in the area. The
agricultural financecorporationalsooffersfinanciat advice,

The local Veterinary Clinic provides services. In most instances the farmer must come to Ngong
Town foradvice although the agricuftural extension officers do visit the farms.
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4.2 PRES LAND USE

The Ngong Hills have undergone dramatic and extensive changesin fand use, particularfy overthe
last thirty years. The following percentages of farmers reported the original land use at the time of
accupationtobe:

Arableagriculture 24.2 % of respondents
Forest products 11.4
i 71.4

The previousvegetative cover at thetime of occupation wasreported tobe;

Cultivatedcrops 15.7 % of respondents
Grassland 28.6
Forest 40.0
Bush and Thicket 15.7

These percentages are in marked contrast to the present conditions where arable agriculture now
accounts for almost 100% of the eastern slopes outside of the forest reserve. The natural forest has
been completely desiroyed in the farming areas . Considering the average length of residence is
only 16 years, the rate of change has been very high. This has had a profound effect upon the
ecology and production characteristics of the area.

While mixed small scale farming is widespread on the eastern slopes, extensive grazing is the stilf
the most common land use in the western and southern portions of the study area. The gazetted
upland forest area is wsed for the grazing of domestic stock, fuelwood and fodder gathering,
watershed protection, and recreation as well as for wildlife protection and research. The
distribution of major land utilization types (LUT's) is iifusirated on the map. Land use A summary
of the major }and use categories and areasis found in the table and chart below. Details of the land
utilization types follow, together with plans and sections of several representative farms, Although
most of farms in the area are mixed agriculture operations, the cropland and livestock components
are presented separately.




Major L.and Use Hectares
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Figure 36, Major Land Uses as a % of the Total Study Area

4.2.1 Cropland

Cropland accounts for a large portion of the study area and most people in the area derive at least
some of their basic needs from it. Details of this major land use follow.

4.2.1.1. : Geaeral Cropping Charscteristics

Most of the arable cropland in the study area occurs on the eastern siopes below the forest reserve,
Small scale, non-mechanized, rainfed, subsistence farming with little commercial orientationisthe
norm. Maize. intercropped (both mixed and row) with beans is almost universal as the major crop

A
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component, followed by English and sweet potatoes, and peas, which are also intercropped with
maize. Crops are planted twice a year on the same land at the beginning of the long and short rains.

Maize grown in the short rains runsa 25% risk of crop failure. Despite this, many farmers continue
to plant this staple as it is difficult to obtain and transport legally otherwise (due to maize
transportation regulations). Failures are used for livestock fodder. Occasionally, the maize/beans
combination is replaced by potatoes/beans in the short rains. The following generalized cropping
calendarindicatesthe distribution of farming activitiesfor the three major crops.

JAN | FEB |MAR [APR | MAY |JUN [ULY [AUG |SEPT | OCT [ NOV | DEC

M |H P H P L]
MALZE  yunmssnjini BB LT A A R T HHIBHUNRHEEIRE )
) R R A - fsenpun
BEANS  hainmni HHAHIRS NI HHHHHHHHRERANH
H \ B P L
POTATOES Plflmlllllll!] e e TS

P = preparationandplanting W= Weeding H= Harvesting

Figure 37. Cropping Calend

Only 10% of farmers fallow any of their land and those that do, rest only a very small portion and
the period of fallow is usually only a few months. Pastures are not generally rotated with
cropland. The average cultivation factor which is " the number of years uader cultivation as a
percentage of thetotal cultivation , non-cultivation cycle....... ameasure of the intensity of arable
use of asoil. " (FAO, 1984), is estimated at 67% for the entire farm ( cultivated land / (fallow land
+ productive land + cultivated land). The cropping index which is : " The number of crops
harvested in relation to years in the crop?mg cycle " (FAO, 1984) is 200%, indicative of double

Cropping peryear.

The production level maybe classified as Level { according to the Farm Management Handbook of
Kenya. Farmers employ traditional production techniques, do not apply appreciable amounts of
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fertilizers and do not utilize plant protective agents with the exception of coffee. (although 77% of
farmers apply some manure to their land and the amount only averages about 50 kg./ha./yr.) Use

of improved seed is usually limited to maize of which 612 and 613 are the popular varieties.

4.2.1.2. Land Utrlizarion

The following chart illustratesthe land utilization by use and crop type on the average farm.

Farm Land Utliization

B aize/Beans
B rermanent Pasture

Fodder Crops

L] peas

=] Dweiling

@0 other Annuat Crops
B Food/Fruit Trees
woodiol

B2 Kitchen Garden

—
0%
g'OrO

Figure 38, Farm Land Utilization

The following table lists the various crops grown and their average areas:

Table 9, Land Utilization on Small holdings

Land Usc Acres Hectares
totallandsize 7.0 2.83
rainfedcropland 3.8 1.54
maize/beans(intercropped) 2.9 1.17
peas 0.3 0.12
potatoes 0.6 0.24
other crops* 0.2 0.08
fodder crops (incl. napier) 0.4 0.16
fruit/foodtree/shrub 0.2 0.08
permanentpasture 2.2 0.89
ather trees(woodlot) 0.1 .04
kitchengarden 0.1 0.04
dwellingplace 0.3 0.12

* other common orops include: millet, sorghum, wheat, cabbages, sweet potatoes, sugar cane,
kale, tomatoes, soyabeans, carrots, parsley, onions, sunflowers,
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4.2.1.3. Yields

Actual yields are difficult to determine as most of the produce is consumed on farm and few
farmers keep accurate records. However, estimates based on farmer interviews indicate yields for
maize range from fess than 800 kg./ha. to about 1600 kg/ha. per year, all of which are below the
predicted yields for this zone and leve! of management. According to similar areas, yields without
fertilizers should be approximately 2000 kg./ha. With fertilizers and higher management levels,
yields of upto 4000 kg. /ha. are possible (Ministry of Agriculture, 1983).

Results of trials in Kajiado district indicate yield increases of 31 Kg. per hectare for each kilogram
of 60-60-Ofertilizer added per hectare. Significant yield increases could therefore be expectedinthe-
LH3 (III-3) zone of the Ngong Hills if fertilizers could be added. Increases in the drier zones
would be far fess.

Yields for beans are very difficult to estimate probably runs around 600 kg/ha. at production level
1. Sunflower, although not common in the area could do well at about 600 kg./ ha. Potatoes and
cabbages are subjectto iremendous variation with the level of management. Yieldsare around 5000
kg/ha for potatoes and 2000 kg. /ha. for cabbages, but yields of far higher are possible,

Napier grass yields are unknown but similar areas report yields of 2500 kg. of total digestible
nutrients(TDNYha withoutfertilizer.

4.2.1.4. LPlanted Trees and Woody Percanials oa Farms

The on farm woody component has undergone fluctuation and change over the years. Almost all
the native forest that was in the farming area has been removed. Inits -place are cropland, pasture
land and planted trees and woody perennials. The following is the percentage of farmers who felt
the number of treesin the area (in the past five years) had:

Increased 69%
Decreased 3%

If felt to have increasedthe f o[lowing‘percemages cited thesereasons:

Protectedby local people 2
Protectedbygovernment 2
Populationnotincreased 0

lew Plantationsestablished 96




If feltto have decreasedthe following percentagescited thesereasons:

Populationincreased 0
Cultivationincreased 15
Uncontrolledcutting 71
Overgrazing 5
Fire 0
More than one answer 9

Tree planting on farms has been well accepted and the number of trees on private farms has
increased significantly over the past five years (as opposed to the number of trees on public lands).
This is very evident when the 1978 photography is compared with the present situation. 89% of
farmers plant trees on their land while only 34 % plant outside of their farm boundary. The most
commonly planted trees in the area are: Crolon megalocarpus, Grevillea robusta, Evealypius
saliens, Cypressus lusitanica, Casvarina equisetifolia,and Schinus molle.

Unfortunately, most of the above mentioned species are not very suitable for intercropping (given
present management practices) as they are excessively competitive with crops for both light and,
especially in the case of the £ucalyprus, water. The very large numbers of Zvcalyptusthat have
been successfully established in the area are a problem in several ways. A mature specimen will
transpire up to 400 gallons of water a day, which is a serious blow to local soil moisture reserves,
not to mention groundwater recharge. In addition, the leaves contain toxins which accumulate in
the soil and can preclude future maize production. The brittle nature and extremelytall growthform
of thistree make it a dangerous species to plant in the very densely populated areas.

The major source of seedlings ( 65%) is the government MOE nursery at Ngong. Other sources
are: private nursery (19%). on farm nursery (7.9%), and transplants from farmer's owa land
(7.9%). Only 50% of farmers felt they could get the species they wanted,

When asked for which reasons they would plant trees next year, the following percentages of

farmerscited:

Reason Percent of Farmers
Fuelwood 2
Fruit / Food 21
Building Posts and Poles 20
Shade 9
Windbreaks : 8
Toincreaserainfall 5
Fencing 2
Erosion Control 2
Charcoalproduction 1




150

In recent years there have been several agroforestry initiatives in the Ngong Hills. The Kenyan
Renewable Energy Development Programme (KREDP) has provided some farmers in the area
with both advice and seedlings. From their trials they are recommending the following species for
the area. Levcaena levcocephala, Sesbamia sesban, and Calliandra calothyrsus, planted along
contours or on terrace edges together with Bana or Napier grasses. The suggested in-row spacing
i5 0.25 - 0.5 m. with 4 - 8 meters between rows. Other recommended species include: Apyzériz,
#byssinica, Cordia abyssinica, Acacia sp., Markhamia sp., and Grevilles robusta. They also are
recommending that farmers plant in an east west orientation wherever possible. This last point is
fartoo general however and does not fully considerthe local wind variation due to topography.

The Mazingira Institute together with . C.R.A.F. did some work with local people in the Kibiko
area in 1983. A cursory Diagnosis and Design was conducted and several on farm trials were
conducted. The trial species included Levcasens levcocephals, Crevillea robusts, Casvarins
eguiselfolia, Sesbania grandifiors, Marcharium tipy, Prosopis chilensts, Ceasalpiuia spinoss, ,
Mimosa scaburella, Zyziphus mavritanis. Success on the experimental trials was limited due in
most part to inadequate water supply.

The percentage of farmers who feel that the main reasonsfor seedling mortality are:

WateDeficiency 8%
Goats

MoleRats

Insects

Wrong Species
OtherPests (incl. wildlife)

L S o8 LT R F e )

The following are the possible niches for trees identified in the farming area (listed in decreasing
order of occurrence and present degree of utilization):




Table 10, Possible Niches for Trees (Occurrence & Present Utilization)
Occurrence Degree of Utilization

1. Cropland 1. Propertyboundaries

2. Around homes 2. Hedgerows

3. Propertyboundaries 3. Fieldboundaries

4. Fieldboundaries 4. Around homes

5. Roadsides 5. Cropland

6. Hedgerows 6. Roadsides

7. Pastures 7. Pastures

8. Drainagechannels 8. Perennial Orchards(incl. napier)
9. Terraces 9. Gullies

10. Perennial orchards (incl. napiergrass) 10. Woodlots

11. Gullies 11. Terraces

12. Woodlots 12, Drainagechannels

13. River/streambanks 13. River/streambanks

14, Rangeland 14. Rangeland

15. Waterholes 15. Waterholes

4.2.1.5. Capital lntensity

Capital intensity of the operations is low (see income section) and most farmers are not able to
afford agricultural inputs such as fertilizers and pesticides. This combined with other factors, such
as poor soil management, have lead a majority of farmers to complain of declining yields. Thisisto
be expected as most of the soils were developed under forest cover and the initial fertility has been
depletedin the absence of affordable inputs.

4.2.1.6. Laboor and Power lateasity

The labour intensity on the farms is high with approximately 5.4 man months per hectare per year
(or 3.2 full time adult workers per farm) available onthe average farm. Despite this, some farmers
report shortages of affordable labour at peak periods. Power on the farm is almost entirely human
labour and few people use draught animals with the exception of donkeys for hauling water. There
is very little use of machinery although some of the larger farms do hire custom operators for
ploughing. The common hand tools us:ed are pangas (machetes), and jembes (hoes).
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4.2.1.7. Technical Kaowledee and Allitade to Agricoltore

The techiical knowledge and atiitude towards agriculture of farmers in the area is extremely
variable, ranging from several outstanding examples of model farms to many that are less than
adequate. Generally speaking, the farmers have a least primary school education and are receptive
to beneficial innovation. Most farmers are aware of the dangers posed by poor management and
have made at least some effort to improve their land.

Ethnic composition affects farmer attitude towards agriculture. The Kikuyu farmers have more

cultivation experience than many of the Maasai people who have only recently adopted farming.
Thisis by no means universal and some of the finest farms in the area are operated by Maasai.

4.2.1.8. Size and Shape of Farms

Farms are generally laid out parallel to the crest of the ridges (where there is usually a road or
improved track) and often run from the ridge crest to the valley floor. At the end of a ridge the
farms are usually laid out radially. The average farm size is seven acres (2.83 ha.) and the mode
falls in the 5.1 - 10 acre class. Farm size ranged from one to one hundred acres on the eastern
slopes, and wp to three hundred acres on the ranches in the western portion of the study area. The
following table lists the percentage of farms in the various size groups:

Table 11, Size Distribution of Sampled Farms

Size Percentage of Sample
< 2 acres” 22.9%
2.1-5acres 28.6

5.1-10 32.8

10.1-15 5.7

15.1-20 4.3

20.1-50 4.3

> 50 acres 1.4

* Subdivision under2 acresillegal by act of parliament!

The following plans and sections are of typical farms sampled. The first farm iltustrated, is that of
an old Kikuyu woman who had the finest farm the author visited. She demonstrated a wealth of
agricultural and agroforestry knowledge and was making over 3500 Ksh. per month off her 6
acres. Few farms came close to this and most of the others were {ar from it in terms of production
andsustainability.
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Figure 40, Section of Terraces on Farm #1
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4.2.1.9 Access gand Tenore

By far the greatest percentage of farms are held under freehold title. The percentages of farms
occupied under the following tenure typesare:

Freehold: 81.5%
Leasehold: 11.5
Squatter: 2.8
Awaitingtitledeed: 4.2

The effect of tenure type on farm management practices can be farge. Those leasing [and tend to
have little incentive to either invest in farm improvements or to consider the long term effects of
their agricultural management practices. Formal leases are often nonexistent, or for very short
periods, andthis lendslittle security tothe tenants. Landlords often prohibit tree planting by tenants
as this is seen as a symbol of claim to the land. In addition, lack of title makes access to credit
atmostimpossible.

Some of the very worst instances of soil erosion in the study area were on [eased land. Almost
without exception, whenever leasing was encountered, there was serious land degradation. In one
instance two leased plots with a total area of 1.6 ha. were cultivated for maize on slopes over 45%
with 1o erosion control whatsoever. The result was rill and sheet erosion so severe that the tenant
complained she could feel her house move during a particularly severe storm. Inaddition, the fence
posts in the small valley directiy below the farms were completely buried with topsoil removed
from the two farms. Incidentally, the soil was & nitosol which has the highest potential for
agricultureand groundwaterinfiltrationinthearea.

Given the shortage of land resources in the area, access to other lands takes on great importance,
Unfortunately, access to the forest was not clearly defined in the questionnaire and there was some
discrepancy in the results. Although 70% of the farmers interviewed admitted getting much of their
fuelwood from the forest, only 38% reported access to other lands. Of those the following

percentageswere:

Freeheld by the farmer 60
Leased 24
Publicland 8
Close friend orrelative's -~ 8

The use of these other lands is listed below. Public land tends to be used for grazing and fuelwood
collection while private lands are most often used for crop production.




Reported uses of other fand:
Not used

Grazing

Fuelwood

Annual crops

Rented toothers

Cash crops

Residential

4.2.1.10.

3.3 Note: 71% reported getting fuel from the forest

Produoction Constraiats and Limiting Resources

Farmersin the area face a number of problems affecting production. The most commonly reported
probiems were land shortages, climatic conditions, nutrient deficiencies, and pests. The following

tableliststhe percentages of farms reporting various production problems:

Table 12, Production Constraints & Frequency of Reportage - Cropland
Production Problem Percentage of Farms Reporting
Landshostage 74
Labourshortage 39
Moisturedeficiencies 96
Short growing season 96
Unreliabletiming of rains 94
Midseason moisture stress 94
Poorinfiltration of rain 10
poor rooting conditions 10
poorsoilstructure/consistency 10
poordrainage/aeration 10
Tillageproblems 28
Workability 26
Rocks/stones/roots 6
Soilnutrientdeficiencies 57
Waterlogging 16
Weeds 54
Insect Pests 74
Wild Pigs 35
Porcupines 25
Buifalo 28
Theft 20
Inadequate Supply of Inputs 35
Lackoffertilizers 29
Lack of improved seed 14
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Table {3 Farmer Rasnkings of Resonrces Fequired to Improve Production

Factor Rank{ Rank? Rank3
Water 71.0 21.7 31
Land 14.5 17.4 15.9
Inputs(fertilizers, pesticides, seed) 5.8 25.0 38.1
Machinery/implements 4.3 8.7 15.9
Draughtanimals 0 0 3.2
Labour 0 5.7 11.1
Other 4.3 17.4 1.1

The most commonly recognized factor was water deficiency followed by land shortage and a need
for inputs.

4.2.2, Livestock

Livestock is an extremely important component of most land use systems inthe area. The types and
numbers of animals as well as the intensity of management vary from area to area. Small scale
intensive animal production isthe norm in the eastern slopes while larger scale extensive operations
prevail inthe west.

4.2.2.1. The Eastern Slopes

Livestock of some type is owned by 84% of farmers interviewed. The following table indicatesthe
type and numbers of livestock on the average farm on the eastern slopes.

Table 14, Type & Average Numbers of Livestock on Farms of the Eastern Slopes

Type Average #(all farms) % of farms possessing
Any 84

BeefCattle 0.6 4

DairyCattie 5 71

Goats 3 43

Sheep 4 59

Poultry 9 66

Donkeys 0 11

Beehives 1 20
Totallivestockunits 4.2
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The primary livestock products are meat, milk , hides, eggs and honey. There are very good
existing markets for all of these products in Nairobi although transportation and colfection
problems oftentimit sales.

Fodder availability is a serious problem in the area and 71% of stock owners experience fodder
shortages especially during the dry seasons. The following percentages report their primary source
of feed tobe: Fresh Grass: 54% Napier Grass: 39% Bought Feed: 7%. The fodder shortage
is often so extreme that people will gather fodder asfar asthe Karen area (10 kilometers away) and
haul it on foot.

Fresh grass is gathered on farm, from roadsides, and occasiopally from the forest reserve.
Improved pasture species are used only by a few farmers. Napier grass is generally produced on
farm but it seldom meets demand. The carrying capacity of pastures in similar zones has been
estimated at " 1.4 ha./ Livestock Unit (LU) on highland savanna; 1 ha./LU on Nandi setaria
between 2 050 and 2 200 meters, or Rhodes grass below that; feeding Rhodes grass, subterr.
clover, Lotononis, maize silage and fodder barley down to about 0.25 ha./LU; suited for grade
dairy cows and grade cattle” (Ministry of Agriculture, 1983). With averages per farm of 4.2
livestock units, .89 hectares devoted to permanent pasture and . 16 hectares to fodder crops, it is
clear that the farms are overstocked, given the present imensity of management. The existing
pastures are frequently degraded as a result of overutilization. A high percentage of exposed soil
and soil creep are common in pasture areas.

89 % of interviewed farmers indicated their willingness to participate in a community cut and carry
hayland, while 34% were interested in a community fodder orchard. Although 83% were interested
in a community pasture, there were strong concerns voiced about possible disease problems with
herds of mixed ownership.

Other livestock production problems noted on farms are listed in the following table.
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Table 15, Production Constraints & Frequency of Reportage

Production Problem Percentage of Farms Reporting
Weight Loss or poor gain 62
Low milk production 59
Highmortality 49
Lowreproductionrates 12
Watershortage 68
Pasture shortage 46
Browse shortage 26
Fodder shortage 60
Poor qualityfeed 3
Pasturedegradation 16
Inadequatefencing 4
Inadequateshade 3
Inadequateveterinaryservices 8

The problem of livestock mortality is serious. The cost of grade dairy cattle is very high and
represents an enormous invesiment to the average farmer. If the animal survives, this cost can be
recovered in two or three lactations, given proper care and access to markets. However, east coast
fever (ECF) is killing many cattle and is no doubt responsible for many of the reported deaths of
unknown causes. Animals may be protected against ECF using a serum derived from locally
infected but disease resistant wildlife. A research programme towards this end is underway,
utilizing the buffalo from the Ngong Hills herd. (Grootenhuis, personal communication) However,
the serum is not presently being used by Ngong Hills farmers.

There iy significant potential for dairying expansion, but as fodder is still brought from infected
areas, protection of valuable grade cattle is fundamental to it's success. Zero grazing of animals
with on farm produced fodder, as well as regular tick treatment, is the safest way to avoid ECF.
However, given the stocking rates and available land, fodder is often brought from elsewhere and
may be tick infested. This is particularly true of grass cut in the forest reserve. In addition, tick
infected livestock grazed inthe reserve may subsequently be mixed with cattle on thefarms.

Beekeeping, although not widespread, has large potential in the hills. There are many suitable
species for bee forage and these could be expanded. The price of first grade honey is 50 Ksh./Kg.
and producers can sell all they produce. Expected honey yields in the area, given proper
management (which is rare), are appf(;ximateiy SO0Kg./yr. per hive. This could be a major source
of cash as individual farmers could easily manége 10 hives which could gross approximately
20000- 25000 Ksh. per year. This should be considered an area for substantial development by
individuals, government and nongovernment organizationsalike.




168

4.2.2.2. The Rift Valley

The importance of livestock rises in the western and southern portioas of the study area, Larger
herds are more common and are grazed over far larger areas. The land in most of this area is
suitable only for grazing despite some attempts at arable agriculture. Individual Maasai herds of up
230 cattle and over 200 goats and sheep were reported in the interviews but more commonly there
are large (100-200) goat/sheep herds with 10 to 20 cattle per family unit. As land has now been
adjudicated and individualsholdtitle deeds, the traditional Maasai land managementisno longerin
effect. Ranchers are now leading a sedentary life style and their cattle do not move with the
seasons. Lands are often over stocked and, with the concentration of cattle on limited pastures and
nearwater holes, hias come associated land degradation.

The westetn stopes of the forest reserve are moderately to heavily grazed, particularly in the dry
seasons. Shortages of both grass and browse were commonly reported. This is leading to serious
pasture degradation in some areas and there was great imterest in planting browse species and
participating infodderorchards.

The carrying capacity of this zone is estimated at 3 ha./LU. on native grasses and down to 2
ha. /LU onRhodes grass. With supplementary irrigation this can be reduced to 1.2 ha. /LU,

4.2.3 Forest Land

The forest reserve is truly a multiple use area. Wildlife in the hills are heavily reliant on available
habitat in the reserve (see Wildlife section); the water resources have been tapped (see hydrology
section ), local people gather both fodder and fuel from the area, local universities and institutions
use the area for both education and research, and recreationists enjoy the exceptional visual quality
of the area. The area is officially under the management of the forest department although no
management planhasbeenprepared.

4.2.3.1. Homaplaflecace

Although there are no formal forestry operations in the reserve, the indigenous vegetation hasbeen
heavily impacted by humans and few if any "untouched"” areas remain. K.R.E.M.U. (1981) has
indicated an average annual loss of 18 ha. of indigenous forest, generally replaced with grassland
and/or lower quality bushland. In 1980 only 156 ha. of forest remained in the 3077 ha. forest
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reserve, Thisis less than half of what was estimated in 1965. Maasai elders in the area speak of the

entire eastern slopes being covered at one time with forest, with the exception of the upper ridge

tops and some small meadows.

Perhaps the most profound human influence has been fire (see Ecosystem Stability section) but
overgrazing, fuelwood gathering, and charcoal burning are also having an enormous effect.
Although illegal, 71% of those surveyed admitted gathering at least some of their fuelwood
requirements from the forest. Forest guards allow women to gather dead wood but this is not
strictly observed and there are many instances of green wood cutting. If the standard fuelwood
requirement approximation (ICRAF, 1983)of 1 m3 per person per year is used, and assuming that
only half of this requirement comes from the forest reserve, it is no surprise that the forest is
disappearing. Assuming that the population of 7000 needs wood from the forest, the annual
requirements would be 7000M°, Considering that there is only 440 hectares of forest left
(including much degraded areas), this would be 17 M3 per hectare per year, which is well beyond
the annval increment of the most productiveforests in Kenya,

The production and trade of charcoal is also legally controlled. There is little evidence of charcoal
production on the eastern slopes but on the west there is a serious problem. On the lower northwest
slopes almost every acacia over 7 cm. dbh has been cut recently, and there are many remains of
charcoaling piles. The law is obviously not being adequately enforced.

Moss gathering for sale to Nairobi florists is also common and is seriously threatening both the
habitat and survival of many orchid species.

4.2.3.2, Reforestation Efforts

Reforestation began in 1979 but, untif 1982 ,the scale of the operations was smail due to a lack of
qualified technical staff. In 1982, 60 hectares were replanted. In 1984, 150 hectares were planted at
the south east end of the hills by University of Nairobi staff and students. The planted area was
declared "University Forest" by President Moi at thattime, In 1985, 40 hectares were planted along
the 400m boundary strip (originally set aside for those displaced from the forest when the area was
gazetted). By 1986 some 500,000 seedlings and 300 hectares had been planted (Ngong Forester,
personal communication). Unfortuﬁéxely, many of these seedlings have failed to become
established. Planting stock is obtained from the M.O.E. Ngong Nursery as well as from other
ministry murseries as seedlings become available. The Ngong nursery is presently 2 hectares but
could be expanded without much difficulty. Currently the Ngong forester has 50-60 tree planters
available ona seasonal basis.
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Although the intent of the forest department has been to re-establish an indigenous forest, native
germplasm has been difficult to obtain. The following are the species currently in the Ngong
norsery that are 1o be planted out this year (1indicatesindigenous species):

Eucalyptus saligna Croton megalocarpus (I)

Luceana sp. Acrocarpus Fraximfolia
imus sp. Casuarinaequisetifolia

Eucalyptus macolata Shinus molle

Alberia caffra Pinus patula

Cupressus lustanica

Gther species grown at the Ngong nursery which appear promising to the department and may be
plantedinfuture, include:

Jacaranda nimisoides Acacia sp. incl. xanthophloea(I)
Ekebergia ruepelliana Spathodea campanulata
Sterculia acutifolia Eleodendron

ing tomentoss Marcunia
Markhamia hildebrandtii (I) : Cordia abyssinica (I}

As few of the above are indigenous, or have had extensive field trials, the long term survival is
uncertain. Indeed, even the short term survival is compromised, both by species/site
incompatibility, as well as often inappropriate planting techniques. The establishment rate for the
seedlings planted out to date has been low (personal observation) due to the above reasons as well
asprolonged drought and damage by mould, tetmites, mole rats and other pests.

4.2.3.3. Grazing

Grazing inthe forest reserve has been important to local stockmen for many years. Local herdsmen
with permits from the Forest Department graze the area year round (with the exception fecharcal
of those areas of recent reforestation). In very dry seasons when fodder reserves outside the forest
are depleted, others without approval utilize the area as well. The fences are often cut and
prohibitedareasaregrazed.

There is currently no grazing plan for the area and no altempt has been made to establish carrying
capacity or stocking rates. Although, goats are not supposed to graze in the reserve, this is not
enforced at all and herds of goats and sheep were observed on every visit to the area,

The leve] of mansgement has resulted in degradation of both the grazing and forest resources.
Invasion of less palatable species is commonly evident and exposed soil on steep, heavily grazed
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stopes is frequently observed. A comprehensive grazing plan is required if use of the range

resource isto be sustained.

4234 KRecreation

The use of the forest reserve for recreation has a history dating back to the 1920's (Blixen, 1936),
The ever decreasing proximity to Nairobi and the local prominence of the area make it very
atrractive as a day use area for picnicking and hiking. The two motor tracks at the north and south
ends of the hills give easy access (for 4x4's) to the main ridge trail which runs the entire length of
the hills. There are several game and cattle trails running from the main ridge down the footridges
to the reserve boundary but these are infrequently used by recreationists. While some of these trails
lead dangerously throughbuffalo habitat, most skirt the main areas of concentrationand some offer
safe positions for game viewing eg. across side valleysto buffalo grazing areas.

The local county council has recently established a gate on the north ridge access road and is
charging admission to the area. Proper maintenance of the road is required and would encourage
visitation, Currently, vehicles may drive where they likein the hills and, although they are limited
by topography to some extent, have initiated erosion on parts of the main ridge trail. Althoughit is
1ot possible to drive the entire ridge trail, many drivers attempt to go as far they can and often are
in conflict with hikers on the route. There is no trail maintenance. Parking is informal but most
people stop atthe last radio antennae.

The lack of security in the Ngong Hills was once a major deterrent for recreationists. The local
police have since made a determined effort to improve the situation and now make regular and
frequent patrols of the area. Group use of the area is common and these frequently take police
escorts on their walks. Regular police patrofs are fundamental to any increased use of the area.

4.2.4 ' Human Settlement

Although the settiement patterns in the Ngong Hills vary with the sector under consideration (see
Settlement & Infrastructure Map) , a common feature in all areas is a rapidly increasing human
density. The close proximity to Nairobi, which itself has a population growth rate of 10% per
annum, has lead todramatic increasesin building, particularly around Ngong Townitself. Many of
those living in Ngong commute to Nairobi for work. As Ngong Township lies outside of the
Nairobi city limits, it is not subject to Nairobi development controls and this makes the area
attractive to developers who may build with few encumbrances. The pattern of development has
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tended to follow the main roads and linear features although repeated subdivision of plots is very

common. The subdivision of land for settlement is causing the loss of valuable agricultural lands.
In addition, the increased population has put enormous strain on infrastructure, Sewage treatment
facilities are alsoinadequate and already waterrationing is occurring throughout the area.

The major nodes of settlement are Ngong Town and the unplanned Kijiji settiement to the south
west of Ngong. Kijiji has many problems of which inadequate shelter, sewage, water, and
drainage are the most serious. These two are the only true towns or villages in the study ares
although Kiserian and Matathia lie near the boundary. The remainder of the eastern and northern
portions are densely populated small farms which have also undergone increases in population.
The main magnets in the area are government offices, water points, shops, schools, churches and
marketplaces.

4.2.5. Other Land Uses -

Arable agriculture, grazing, settiement and multiple use forestry are the dominant land uses in the
study area but there area other minor uses. Rock quarrying occurs in several locations near or in
Ngong Township. Small scale soil mining is also occurring at a few locations including Ngong
Town where remaovals will soon threaten the stability of a major road embankment, Government
offices and departmental storage yards are found in the Ngong Township.




Ch.5 Diagnosis & Design Specilications




An analysis of the detailed farmer surveys and background data yielded the major land use

problems and potentials at both the household and ecosystem levels, as well as their contributing
causes. The following is summary of the problems and readers are referred to previous sections for
specificdetails.

5.1.1. Household Level Diagnosis
As the farm or fiousehold unit is the fevel at which most fand management decisions are taken, a

diagnosis of problems and potentials at this level is necessary if reasoned proposals are to be made.
The following sections examine the various subsystems operating within household.

5111, food Prodection Sebsystem

Declining crop yields have been almost universally reported by local farmers. Maize crop failures
are frequent in much of the area (the staristical risk is ! failure in 4 crops). Seasonal shortages of
stapie foods have been reported by 86% of respondents. Of these 47% report shortages only in bad
years, 13% in most years, and 37% experience shortages even in good years. Unsatisfactory
yields are also reported in the livestock sector where both gain rates and milk production is seen o
be well below optimum. (See land use sectionfor details.)

5.1.1.2, Cash Sobsystem

As previously mentioned in the socioeconomic section, inadequate cash is a common and serious
problem for many households in the study area. Most available cash comes from off farm
employment (70% of average total income), withfarm income accounting for lessthan 30% of total
income. An examination of expenditure patterns reveals that between 35 and 40% of income is
spent on food purchases and about 12% is spent on energy. Staple food shortages occur frequently
for many families despite these purchases, indicating either a low level of farm production, cash
shortages, or both. |

Current alleviation strategies include: working off farm, gathering fuel wood and fodder for sale,
and selling surplus foods as available. Although some cash crops are grown in the area, they are
not common. Many farmers would like to be growing suitable crops. Other income generating
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activities such as cottage industries have not been exploited to any great extent. Some efforts have _
been made to improve farm production but the farmers are faced with many consteaints including

cash shortages for farm inputs and improvements. The cash flow problems accentuate the
downward spiral of decreasing yields, less cash, and a fower quality of life. Clearly, thisisan area
with potentialforimprovement.

5.1.1.3. En Saoply Sub. em

Availability of energy, particularly firewood and charcoal is 2 major issue in the Ngong Hills. The
amount of time spent gathering fuel wood greatly reduces the available farm labour. The average
amount of time spent securing energy per week iy six hours. Many people, particularly those at the
lower end of theincome spectrum with less available cash to purchase their requirements, spend far
more time. Several respondents reported spending every third day gathering firewood. Fully 96%
of those interviewed felt that either the supply of, or the amount of time or cash required to obtain
their energy, was a problem.

Of the above , thefollowing percentagefeel the main problemis:

Time 10.6%
Supply 53.0
Cash 36.4

86% anticipated energy shortages in the future but only 66% were planting trees to alleviate the
sitvation. The following chart indicates the energy type, use and means of supply used by those
surveyed:

able 16 sehold En Types (Uses + Means of Suppl

Type Uses Means of Supply
cooking  heating  lighting produce  collect  purchase

Firewood 90 - 41 27 60 37
Charcoal 70 70
Crop Residues® 37 27 19 1
Paraffin 17 ) 77 77
Gas 17 1 17
Electricity 3 6 6

* includes coffee husks, maize stalks etc. (percentages of farms interviewed)




Thefollowing percentagesreported the location of collected or producedfirewood tobe:

Forest 7%
onfarm 24.5
neighbours' land 1.9
other publicland 1.9

Many people were unsatisfied with their present energy type and the following percentages
reportedtheir preferred energytypetobe:

Gas 45.7%
Electricity 14.3
Charcoal 14.3
Paraffin 0
fuel wood

0
Are satisfied with present source  25.7

Considering the response and the possibility of intensive zero grazing systems with manure
by-products in the area, low cost bio-gas digesters may be adopted by local people if the initial
capital problems canbe solved.

Those households in the Kijiji area appeared to have the fewest energy options and many were
relying entirely on purchased coffee husks and fuel wood collected from the forest. It is no
coiacidence that the forestin closest proximity to Kijiji is among the most degraded inthe area.

5.1.1.4. Shelter Subsystem

The quality of human habitation in the area is highly variable, ranging from the new large suburban
type stone houses of the wealthy, to simple ,traditional, thatched, mud or manure walled homes.
The latter, however, is becoming much less common and cotrugated metal roofed, wooden or mud
and wattle sided buildings are very frequent. Most farms have some form of stock shelter and
corral. Onthe eastern slopes there is commonly a hedge surrounding the farm (see farm diagrams).

For the most part, those living in the western portion of the study area dwell in traditional Maasai
homes. Women in this area report difficulty in obtaining desired construction species. Those who
have constructed modern, longer lasting designs (in response to a new sedentary life-style) often
complain of over heating and fly problems (due to the windows). Several Maasai expressed interest
in a design that would combine the traditional house form with much reduced maintenance. Sucha
dwelling would maintain the basic Maasai form but might use soil cement for plastering. This
would have the dual advantage of satisfying local desires in the short run and reducing natural
resource material costsinthe long run.
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The percentages of respondents that felt their needs were inadequately met in the following
areaswere;

Humandwelling 46
Stock shelter 29
Storage 33
Windbreaks 41
Shade for people 33
Shade for stock 23
Shade for crops 46
Fencing - cropland 49
Fencing - grazing fand 30
Fencing - corrals, bomas26

Fencing - security 44
Boundarydelineation 9
Drainageprotection 1
Building material sources13

Thelist includesseveral elementsthat may beimproved with agroforestry techniques, most notably
shadein cropland, building material production, windbreaks andfencing.
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5.1.1.5, Summary of Causal Factors and Consiraints

The following table summarizes the houvsefiold level problems and causal factors for the

smallholderfarmsinthe ares.

Table 17, Smallholder Household Diagnostic Summary

Basic Needs Affected  Symptoms

Apparent Causes =~

Food Low and declining yields
of annual crops

Damage toCrops

Soit Erosion in Annual Fields

Few Tree Food Crops

a)Declining soilfertility
b) Poor soil structure
¢)Poor soif workability
d) Inadequateinputs

e) High cost of fertilizers
f)Moisturedeficiency

g) Highevaporation rates
h)Desiccating winds
i}Weedcompetition
j)Land Shortage

k) Insect Pests
l)ywaterlogging (Vertisols)
m) fack of manure

a)Wildlifedepredation
b) Exposure to winds

a) Inadegquate ground cover
b) Annual crops on steep
slopes

c) Inadequate soil
conservationstructures

a) Inadequate seedlingsof
desiredspecies
b)Insufficientextension
c)Insufficientlocal crop

testing
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Basic Needs Affected =~ Symptoms

Apparent Causes

Low fivestock production

a) Inadequate feed sources
onfarm

b)Little accesstoadditional
fodder

c) Losses to disease (ECF)
d) High cost of
supplememtaryfeed

) High cost of grade stock
f)Inadequateveterinary
care

g)Small grazing area

Water Inadequate water for stock
and kitchen gardens

Watemationing

a)Waterschemes
incomplete

b) Insufficient onfarm
storagdacilities

¢) Depletion of soil moisture
reserves due to excessive
evaporationandmoisture
competition
d)underutilization of
channelizedwater

a)Watertablelowereddueto
excessive demand and
inadequateinfiltrationdueto
changesin land use

Cash Lack of employment
opportunities

Difficultyinmarketing

a)Inadequatedevelopment
of labourintensive
agriculturalsystems
b)Inadequatedevelopment
of local and cottage
industries

¢)Poor traasportationto
employmentcentres

a)Lack of coordinated
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i ds Affected

3

Apparent Causes

products

Lack of diversity of
cash crops

Poor performance of
coffee

marketing effort for many
products

- b)Produce transport

difficult

a)lasufficienttrials and
extension

b) Insufficient seedlings
c¢)Littleaccesstocredit

a) Insufficientinputs
b)Disease

Shortage of fuel wood over
short, mediom + long term

a)Overcutting inadjacent
forestreserve
b)Inadequate onfarm
production

c) Inadequate supply on
adjacentpubliclands
d)Inadequateregeneration
due to fire, browsing,
overgrazing and cutting of
seedtrees
e)Littleaccesstonew high
productionspecies

Shelter

Shortage of building
materials

Inadequate shadeand
windbreaks

&) Inadequate onfarm and

localproduction
b) Insufficient cash

&) Insufficientseedlings
andplanting

b) Low survival rate of
seedlings
¢)Inadequatedesign
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While the largeholder cattlemen of the semi-arid western portion of the study area share many of the
concerns of the smaliholdersto the east, their emphasis is naturally shifted towards livestock production.
Very few of those to the west practice arable agriculture although this is changing as agriculturalists
(usvally with meager success) invade the Rift Valley, The main problems in that area are summarized

below.

Table 18, Largeholder (Rift Valiey) Household Diagnostic Summary

Basic Needs Affected  Symptoms Apparent Cavses
Food + Cash Livestock productionlow a) Decimation of herdsin
1984 drought
b) High mortality (disease)
¢)Inadequate watersupply
d) Inadequateranch
supply of fodder and
browse
e) Low productivity of
nativerange
f) High cost of grade
animals
Erosion on the range a)Overstocking
b) Poor distribution of
stock
c)Soiltype, slope, climate
Water Inadequate accessto water aClimate
for both domestic and b) Distribution of water
livestockrequirements c)Deforestationin
catchmentareas
Sheiter Insufficient building a) New sedentary life-style
materialsforbothtraditional b) Overgathering
and modernsteuctures ¢) Destruction of tree
préducts growth by fire and over
grazing
a) lack of funds for

Inadequatefencing

materials
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Basic Needs Affected

Ooms

Apparent Causes

Inadequatehousing conditions

Lack of appropriate design
for modern housing

a) lack of funds for
materials

a) Inadequate userinput

Shortagesinthe Medium
and long terms

a) Overcutting forfuelwood
and charcoal both for own
consvmption and sale

b)Inadequateregeneration
dueto climate, browsing
andgrazing

Infrastracture

S5.1.2.

Erosion on roads and paths

a)Poormaintenance
b)Inadequatedrainage
structures
c)Inadequatesurfacing
d}Inappropriatelayout

Ecosystem Level Diagnosis

The problems and potentials diagnosed at the household tevel are nested within the context of the various
communities and the ecosysiem as a whole. At this level as well, problems related to sustainability and
production are found, some of which are the result of the aggregation of household problems, while others

aremoreregionallyderived.
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Table 19, Ecosystem and Community Level Diagnostic Summary

System Symptoms / Concerns

Climate High desiccating winds

High evaporationrates

Low and unreliable amount of rain

Apparent Causes

a)Topography + Orientation
b) Lack of windbreaks
c)Removal of trees
d)Elevation

a) Lack of adequate shade
b)Desiccating winds

c) High soil temperatures

a) Geographic position

Hydrology Decreasedinfiltrationand
Increased spate flows

High sediment loads
in overland flows

a)Deforestationand
conversion to grassland
b)Increasedagriculture
c)Increasedsettlementarea
d) Insufficient tree
establishment

e)Lack offiremanagement
{) Insufiicient water
retentionandharvesting
structures

&) High speed runoff

b) Soil erosion due to poor
agriculturalandgrazing
practicesie. tillagein
collectionandconveyance
zones, overstockingetc.

¢) Lack of adequate ground
cover
d)Inadequatedrainage
structurestoreduce amount
and velocity of flows

e) Poor road and path
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System

Surface and groundwater pollution

Symptoms / Concerns Apparent Causes

copstruction+maintenance

a)Increased population
densities

b) Inadequate sewage
trearmentacilities

Vegetation

Degradation of Indigenous Forest
(including reduction in area and
speciesdiversity)

a)fuel wood overcollection _
b) Overgrazing and poor = i’t‘%ﬂ’féﬂf
stockdistribution IR
¢) Browsing by goats

d) Fire

e)Clearing foragriculture
f)Inadequatelycontrolled
forestproductcollection
g)Reforestation with
exoticspecies
h)Reforestation efforts
onlymarginally successful
1) Invasion of undesirable
andunpalatablespecies
j) Basic needs of area
inhabitants arenotbeing
adequatelymet

Soils

Decliningertility

Poor Structure + Workability

a) Intensified vse of arable
{and - often over cultivation
b)Inadequatefertilizer
input due to high costs

¢) Soil erosion

a) Soil type
b)Decreasing organic
matter

c¢) Lack of sufficient
moisture
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System Symptoms / Concerns
Wildlife Reductioninspecies diversity
and absolute numbers

Apparent Caunses

a}) destruction and
degradationof habitatby:
i)yagriculturalencroachment
ii)competition with stock
iii)forestproductcollection

System Symptoms / Concerns

Apparent Capses

Settlement + Infrastructure Increasedsettiementdensities

Water supplyinadequate

Inadequatesewsgefacilities

Roadwaysin poor condition

Electrificatiomcomplete

a) highbirthrate
b)lowered deathrate
cimmigration

d) urbaa sprawl of Nairobi
e)lackof development
guidelines/regulations

a)inadequate funds
b)systemsincomplete
c)Lowered watertabie

d)increaseddemand

a)inadequate funds
b)increased demand
c)improperfacilitysiting

a)inadequatesurfacing
b)inadequatedrainage
structures
clinadequatemaintenance
d)inadequate funds

a)inadequate funds

The above problemsare ofteninterrelated and cannot be viewed inisolation. Thefollowing causal diagram
indicates the interactions of the major factors as well as identifying possible agroforestry intervention

points.
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5.2. DESIGN SPECIFICATIONS

Based on the diagnosis of problems and potentials at the household, community and ecosystem
levels, it is possible to identify design specifications for both agroforestry and non agroforestry
interventions. Asthe potential list of interventions is long it is necessary to assessthe pragmaticism
of the various possibilities and to identify priorities for both further research and possibie
extension.

It must be emphasized that although the results have been derived from both an analysis of the base
line data and the detaited farmer interviews, they do mot represent an ideal specification set, as
further review by local farmers and officials would be necessary. This was not possible do to the
cancellation of research clearance by the Kenya government. At any rate, the following tables
illustrate the process of specification derivation, proceeding from thegeneral tothe particular, Table
19natestherelevance of the general system level specifications. The following list includesvarious
possible agroforestry and non-agroforesiry interventions in response to the most important
problems and potentialsin the area. Pricrity interventions are then selected based onfeasibility and
local need. More detailedspecificationsfor theinterventions arethen listed.

3.2.1. General System Level Specifications

The general system level specifications for potential interventions are listed in the following table.
Allspecifications donot apply to all managementtypes and thetableindicatestheirrelevance.




Genaersl System Specifications

Relevanceto Land Use System

[
i

1. Intensify land use for higher sustained
production

a) Should increasecash returns to land

b) Should offer investmentalterngivesto
decreasegoat and non grade cattleherds

¢) Should maximizeuse of allfarm land
including linearelements(boundaries)

2. Increase employment opportunities
and returns

a) Should increasecash returns for labour

b) Should increasecash generationfor on
farm activitiesof women and men

¢) Should increaseon farm employment
opportunities without taxing peak periods

d) Increase on-farm processing and other
productiveon farm employment

3. Rationalizewater use
a) Improve efficienton farm water use
b) Decreaserunoff + increaseiofiltration

c) Increase soil and groundwater storage
throughout watershed

Peblic Lands Forext
Largeholdings : Reserve
@ ® ®
@
.
@
o @ @
o
@
@
@ ® @
o
® o @
® ® ®




Relcvaaceto Land Use System

Genersl System Specifications Semall Farms Lacgeholdings Public Lands Forest Reserve
Eastern Slopes Western Slopes (off reserve)

4, Improve sustainablelivestock production @ ® ) ]
a) Maximizeon farm fodder sources @ O
b) Decreasegrazing pressure in forest
reserve and commonlands ® ®
¢) Improve seasonal distribution of fodder
on farm and on commonands ® ® @ ®
d) Decreasefodder demands from forest @ ® @ @
5. Improve wildlife diversity and habitat ® @ @
a) Decreasestock competition @
b) Improve wildlifebrowse & graze ® ®
6. Improve distributionof and access to
resources and benefits ® ® @ ®
a) Improve accessto publicresources ® @
b) Increaselocalemployment ) ® ) ®
¢) Improve managementand control of
livestockaccess and forest product ] (]
collectionon public lands
d) Increase aggregatebenefitsfrom public @ @ o L
and privatelands




5.2.2. Summary Overview of Possible Interveations

Diagnosed Problems + Potentials Non AF Interventions AF Interventions

1} Food and cash crop shortages
B) Low and declining crop yields

i) Low soil fertility &)Inorganicfertilizers
b) Leguminous ground
cover

1i) Excessive runoff a) Terracing, cutoff drains,

and soil erosion grassed waterways, small
check structures, grassed
waterways, on farm water
impoundment

ifi)Excessiveevaporation ajmulching

and water shortage b) change plantspacing
¢)divert waterfrom selected

a) High nutrient mulch
from woody perennials
(WP's) + Multi purpose
trees (MPT's }located:
1)in hedges

if Yintercropped
iif)blockplanted

iv) pasture areas

b) Nitrogen fixing trees
and WP's in cropland

a) (MPT's) and WP's
on terraces + in hedges
(following contours)
b)Reinforcement of
existing soil + water
conservation structures
with MPT's, WP's +
mixed vegetationstrips
¢) Water harvesting
with MPT's + WP'sin
micrecatchments

a) Shade treesin

cropland
b) Mulch from WP's

drainagechannelstocropland c) Windbreaks on farm

andimpoundmentstructures

+ field boundaries and
oncommonlinear
landscapeeiements




iv) Damageto crops
by wildlife and insects

v)Weedcompetition

vi} Lack of cash crop diversity

B) Low livestock yields
1) Fodder shortage dueto:
a) High labour req'd
due to distances to fodder
b) Inadequate on farm supply
¢) Declining supply in forest

reserve

a)Wildlifecontrol
b)Insecticides

c) Fencing + ditching
from MPT's and WP's

a)Mulch
b)Herbicides
¢)Tillage

ayimroduce viable new
cash crops

b) encourage diversity of
horticulturalproduction

a) Plant cut and carry blocks

of herbaceous fodder near
farms,
b) Plant herbaceous fodder

o1 tefrace risers + waterways

c) Subdivide by fencing
grazing areasforbetter
pasturerotation

d)Pasturerehabilitationinci.

invader suppression by
chemicalandmechanical
methods + reseeding

e)Grazing managementplan

f) Enforcement of plan

a) Live fencing of both

farms and forest reserve
b)Insecticidal mulch

a) Muich from WP's
and MPT's.

a) Fruit & Food trees
ininternalboundary

hedges,intercropped,
and in pastures

a) Fodder orchards of
WP's + MPT's in:

i) bedgerows
ii)terracerisers

1ii) block planting on
farmsand adjacent
communal lands
including forestreserve
iv) Live fencing of
grazing areas f{or
rotationananagement
v)enrichmentplanting
of browse and
herbaceous fodder
species in forest reserve
commons, and on farm
vi)microclimate
improvement with
windbreaks and shade
trees in pastures




Diagnosed Problems + Potentials

Non AF Interventions AF interventions

2. Watershortages a) Diversion to a) Use MPT's, WP's
impoundments onand and grasses toreinforce
off farms water structures and
b)Developimpoundment  drainagechannels
structures for group b) Combine water
nurseries harvesting with soi!
c)Reforestationin the conservatiomechniques
forestreservetoimprove  using MPT's, WP's etc
infiltration
d)Maintenance/treatment
of existing trees

3. Energy Shortages a)Extendelectrification a)Plant fuelwood
b)Promote biogas digesters  speciesalongexternal
in zero grazing systems andinternal boundaries
c)Promote fuel conservation incombinationwithfive
ie. modern jiko's etc. fences and windbreaks
d)maintenance of existing  b) plant fuelwood in
trees grazing and pasture land

c) Plant fuelwood
species on common
lineariandscape
elements
d)Reforestation with
high yielding speciesin
communal fuelwood/
fodder lots located on
commonfands

4. InfrastructuratDeficiencies

A. Road and pathway erosion a) Diversion of roadway a)Bio-engineering
waterto cropland and to using MPT's, WP's,
on and off farm and grasses to produce
impoundmentstructures fuel, fodder, poles, etc.
b) Culverts and ditching b) Diversion of waterto

agroforestry sites




B. Waterschemesincomplete

C. Huoman comfort

Non AF Interven
¢) Grassed or surfaced
waterways
d)Re-alignment of
problemsections
e)Rehabilitationof
abandoned roads (put tobed)

&) Continue construction
asfundsavailable

b) Divert water to shallow
aquifersforiocal withdrawal
¢) Encourage farm runoff
impoundment

a)Provide additional shade
trees on roads, pathways

and in public meeting areas
D. Sheiter
1) Fencing and stock corrals a) Live fencing with
inadequate&expensive of internal and external
boundaries with MPT's
and WP's
it) Housing ofteninadequate a) grow building
materials on and off
farm in AF systems
5. CashDeficiencies
A Underemployment a) develop onfarm industries a)Plant MPT & WP
eg. crafts, dairy products cash crops
processing / mitking b)Developbeekeeping
b)developtouristrelated industry (produce and
positionsie. guides process) on farms and
¢) Develop murseries to throughout forest
support AFinterventions  reserveandcommunal
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Diagnosed Problems + Potentials Non AF Interventions AF Interventions

lands. Plantmelliferous

treesand perennials
c) Plant wild indigenous
fruit shrubs in forest
reserve for picking and
sale
B. Suboptimal cash crop production a) Extension for present a) Plant trees and WP's
and future crops for sale of fuelwood,
b) Credit for necessary inputs poles,fruiteg. avocado
c) Extend present coffee b) Plant MPT's and WP
d)Reintroducepyrethrum  to support other cash
e)Improvemarketing crops
f) Improve product
transport
6. Declining availabilityofrawmaterials ~ a)growthatchingmaterial  a)Plant charcoaling
b)developalternate speciesin sylvo pastoral
buildingtechnologies system on western
slopes
b) Plant pole species
andintegrateintolive
fences and boundary
plantings
7)Climateimprovement a)ynonvegetative windbreaks a)Multitiered
b)Protection of existing windbreaks
trees and windbreaks incorporating MPT's
and WP's
b) Provision of shade
trees
8)Hydrologicimprovement a) Reforestation of upper &) Increase % of tree
catchments componients within AF

systems on farms




Noan AP Interventions

b) Decrease demandthrough
conservationmeasuresie.
mulching , waterharvestingetc
c¢)Location of settlementson
non porous soils

d) Fire control in forest reserve
e)Waterimpoundment schemes

{)Grazingmanagement

g) Maintenance of ground cover

IndigenousVegetationlmprovement

a) Control productremoval  a) Satisfy product

b)Reforestation demands out of forest
c) Firecontrol with AF systems
d)Grazingmanagement

Based upon the small farm surveys the following necessary functions and possible landscape

niches for trees were identified. Readers are referred to the chart of niche occurrence and current

wtilizationintheland usesection,




Function

Planting Sites

Shelwerbeln
Browse

Ileder

Il'uclvood

Bee forage

'Wild life

@ [Exozion control
Fence

Cropland

© [Muich

@ |[Soil Impmnmen‘

@ | @ |shbade

Around homes

Property boundaries

Field bouadaries

Roadsides

@ @6 @@

Hedgerows

Pastures

Drainagechannels

@ @

Terraces

Perennial orchards @

Gullies

Woodlots

River/streambanks

Rangelaad

Unproductive land

Forest Reserve

eée &

Forest boundary strip

e 600 e e

Table20, Location Matrix of Functions and Planting Sites
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Based upon a consolidation of problem specific interventions listed in foregoing section the
following interventions and/or candidate technologies have been selected for more detailed work
and possible extension.

1.) Mutlti purpose trees and woody perennials alley cropped and in mixtures with annual crops in
cropland

2.) Woody perennialsfor mulch in hedges on rainfed terraces

3.) Woody perennials and grasses on risers of rainfed terraces for cash crops and/or fodder with
minimuntiliage

4.)Fuelwood, fruit and fodder trees in living fences onfarm and internal boundaries
5.)Creation of windbreaks with multi purpose trees and woody perennials
6.) Pasturerehabilitation (grass seeding combined with woody perennials and multipurpose trees)

7.) Planting of fodder and fuelwood in blocks and strips on communal lands and on forest reserve
400 meter boundary strip withimproved communal access and management

8.) Planting of melliferous trees and shrubs for bee forage on farms, commuanal lands and forest
reserve

9.) Planting of indigenous trees in upper catchment areas of forest reserve to improve species
diversity and wildlife habitat with side products of water, fruit and honey.

10.) Use of living fences for subdivision and rotational management of common lands in Ngong
Township

11.) Use of living fences on forest reserve and farm boundaries for wildlife exclusion from fodder
orchards on400m forest strip and from farmlands :

12.)Creation of vegetative fireguard on forest reserve boundary

13.) Development of water impoundment structures with adjacent irrigated specialty cropland (on
suitable sites on and off farm)

14.) Enrichment planting of browse, fuel + charcoaling wood, construction, melliferous, and soil
improving speciesin grazing lands

15.) Fruit and shade trees in the home compound

16.) Shade trees along public roads and pathways
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5.2.4.
Candidate Technologies Specifications
1) Multipurpose trees, woody perennials a) Minimum depression of crop yields by effect on:
and annual cropcombinations (rainfed) i)light
i) water

2) Woody perennialsfor mulch
in hedges (on and off terraces) with
minimuntiliage

3) Woody perennials and grasses on
terrace risers for cash crops
and/or fodder and fuel

iii)nutrients (ephancement where possible)
b) Optimum component division of environmentin
both space andtime
¢)Optimum balance of products
d)Maximum flexibilty of management including
proning, pollarding and coppicing
e)Ecologicallyappropriate
f) High sustainability
g)Non-allelopathicrelationships
h) Crop ground cover % high
1)Adaptability
jAvailability

&) Adequately control weeds
b)Provideinsecticidal component

¢) Allow easy sowing and land preparation
d) Incorporate easilyintosoil organic matter
e) Improve soil fertility and structure

f) Provide erosion cover protection

a) Ease of propagation

b) Fast growth

c) Low shade

d) Small structure

€)Restrictedrootcompetition

f)Management possibilitiesinclude pruning and/or
coppicing




Candidate Technologies Eggmiga_ﬁons

4) Fuelwood/Fruit and {oddertrees
in living fences and windbreaks on
internal and external{farm boundaries
(combined with ditching for pigs)

5)Pasturerchabilitation
andearichmentplanting

6) Fodder and fuelwood blocks and strips
on farm and forest strip

7) Melliferous trees ands shrubs

8) Indigenousforestreestablishment
(inforest reserve)

a) Multiple product outputs

b) Easyestablishment

c) Must exclude goats, and wild pigs
d)Efficientwaterutilization

e) Should provide animal shade

a) Improve quality and quantity of fodder

b) Improve seasonal distribution of fodder
c)Protect and treat existing tree and desired shrub
regeneration

d) Most withstand repeated and heavy browsing
e) High growth rate

f)Nonallelopathic

g)Highlypalatable

a}) Highyielding species
b) Provision of dry season fodder
c)Ease of establishment
d) Stabilize soil erosion
e) Low ignition rate (when green)

f) Preference for indigenous species

a) High nectar flow

b} Nectar type must produce high quality honey
¢) Nectar flow coincides with maximum bee
populations

d) Indigenous species only in forest reserve

e) Should have multiple product outputs

a) Endangered orthreatened speciesgiven priority

b) Germplasm from areagiven priority

¢) Pure standsto be avoided

d) All exoticsmust be avoided

e) Existing exotics tobereplaced

f) Steep slopes, drainage channels, and other sites of
high potential erosiontobe given priority attention




Candidate Iggl_:gg!ggies

Specifications

9) Living fences in Ngong Township

10) Living fence onforest reserve boundary

11) Vegetative fireguardon F.R. boundary
{May be combined withabove)

12) Waterimpoundment with adjacent
irrigation of specialty crops

g) Melliferous species where possible
h) Should improve wildlife habitat (food and cover)

a) Mustexclude goatsand cattle

b) Should provide shade for human comfort along
existing pathways and roadways

c¢)Easeof establishment

d) Drought resistant :
€)Should contribute positivelytothe visual quality
of thearea

f) Should provide fuelwood and fruit

g) Fence and grazing enclosures should be managed
underimprbved communal accessthroughthe local
couancil

h) Should utilize melliferous species where possible

a) Must exclude goats, wild pigs, and buffalo

b) Should utilize indigenous species where possible
c) Should provide multiple outputs (fuel, fruit etc.)
d) Ease of establishment

¢) Should have low ignition rate

f) Should have melliferous components

a)Lowmaintenance

b) Indigenous speciesif possible

c) Should be evergreen with very low igaition rate

d) Low amounts of fine fuels available for ignition in
dry seasons

&) mustnot displace prime agricultural, conservation
or wildlife areas
b) Must be located on water tight sub base
c) Selected crops foritrigation should:
i) Have high market value
1i) Should be labourintensive
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Candidate Technologi Specifications

d)Should add to the visual quality of the area

13) Shade and fruit trees in home compound &) Should have dease canopy for maximum shade

14) Shade Trees along public pathways
and roads

b) Should have high growth and/or production rates
¢) Should contribute to cash and/or nutritional
reguirements

d) Should not displace useable outdoor space with
excessive low branching

a) Should hrave dense canopy for maximum shade
b)Should add tothe visual quality of the area

¢) Should not be excessively demanding of water
d) Should niot be overly subject to blow dows or
disease

€) Should be suitable for fuelwood as immature
thinning occurs




Recommendations & Conclusions
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6.1 POLICY SET FOR THE NGONG HILLS

The following policy set for the Ngong Hills has been derived from the diagnostic findings,
interviews with farmers and local officials, as well as the national and district development plans.
The policies are general in nature and are to be used to judge the appropriateness of various tand
utilization types in the study area. Preference policies are listed which are not exclusionary but,
rather, are to be given preference wherever possible. On the other hand, the exclusionary rules
included in the policy set, indicate those land uses which are to be definitely excluded from certain
areas.

6.1.1 Preference Policies

6.1.1.1. Policies Relsted to High Deasity Settlement

1. Give preference to high density settlement contiguous to Ngong Town

2. Give preference to high density settlement in areas with high access to employment and
commerce

3. Givepreference to high density settlement in areas where sewage and waterreticulating schemes
exist

4, Give preference to high density settlement in areas with high access to public transportation
5. Give preference to high density settlement in areas with high svitability for construction

6. Give preference to high density settlement in areas previously zoned for same

7. Give preference to high density settlement in areas that will not result in downstream and ground
waterdegradation ’

8. Give preferencetorural settlement in areas with accesstoreticulated water schemes
9. Give preferenceto rural settiement in areas that are not in water collection or conveyance zones

10. Give preferencetorural settlement inareas that currently support that use
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6.1.1.3.

11. Give preferenceto usesthat maintain downstream waterquality
12. Give preference to uses that decrease runoff and spate stream flows
13. Give preference touses that will not cause groundwater contamination

14. Give preference to uses that will increase soil and groundwater storage throughout the
watershed

15. Give preference to uses which do not cause significant soil erosion

16. Give preference to uses which maintain or improve soil structure and fertility
17. Give preferenceto uses which maintain orimprove visual quality

18. Give preference to uses which improve the mesoand micro climate

19. Give preference to uses which improve human physical comfort

20. Give preference touses which maintain orimprove wildlife habitat

21. Give preference to uses which maintain or improve the vigour and biological diversity of
existingbiotopes.

6.1.1.4 Policies Related to Agricalture and Agroforestry

22. Give preference to Agriculture or Agroforestry on those lands of high suitability

23. Give preferenceto those Agricultural or Agroforestry systems which improve production
24. Give preference to those usesthat improve agricultural resource conservation

25. Give preference to those usesthat promote the development of agroforestry

26. Give preference to those usesthat improve exports of agricultural products

6.1.1.5. ’ Policies Related to Horticeltore

27.Give preference to irrigated horticulture on those lands of highest suitability and with high
accessto suitable water sources

6.1.1.6. Policies Related to Livestock

28. Give preference to livestock related uses on lands not of high capability for agriculture,
horticulture, highdensity settlement or conservation.
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29. Give preferenceto intensive zero grazing dairy systems on land holdings lessthan 20 ha.
30. Give preference tointensive zero grazing dairy systems in areas with road access
31. Give preferenceto livestock related uses in areas with suitable water and fodder supplies

32. Give preference tothose uses which improve the livestock fodder supply

6.1.1.7. Policies Related to Forestry

33. Give preference tothose uses that promote the conservation and management of forests
34. Give preferenceto those uses that promotetree planting on private and communal fands
35. Give preference tothose uses that promote forestry for public amenities and wildlife

36. Give preference to those uses that promote the development of fuelwocd

6.1.1.8. Policies Relgted to Conservation

37. Give preferenceto conservation in areas of severe potential soil erosion

38. Give preference to conservation in areas of undisturbed natural vegetation and other areas of
outstandingbiologicalimportance

39. Give preferenceto conservationin areas of critical importanceto wildlife

40. Give preference to conservation in water catchment areas with high soil and groundwater
rechargepotential

41. Give preference to conservation on public forest land
42. Give preferenceto conservationin stream conveyance zones

43. Give preferenceto conservationinareas of exceptional cultural/historicimportance

6.1.1.9. ___Policies Relsted to Recreation and Tovrism

44, Givepreferenceto extensive recreation/tourismin areas of exceptional visual quality

45. Give preference to intensive recreation in areas with high accessibility to high density
settlement

46. Give preference to extensive recreation ftourism on public lands that are not of high
conservationvalveorcritical wildlifeareas

47. Give preference to those uses that promote tourism
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6.1.1.10. Policies Relsted to the Provision of Basic Needs

43, Give preference tothose uses that improve the health of the inhabitants

49. Give preference to those uses that provide cash income to focal residents

J30. Give preference to those uses which improve the provision of water for local residents
51. Give preferenceto those usesthat provide forthe energy requirements of local residents

52. Give preference to those uses which }wravide for the food requirements and improves self
sufficiency in basic food stuffs of local residents

53. Give preference to those uses which provide for the shelter requirements of focal residents
54. Give preference tothose usesthat improve local infrastructure

55. Give preference to those uses that promote labour intensive techniques and improve
employmemopportunities

56. Give preference tothose usesthat promote " Harambee" or self help

57. Give preference to those uses that promote the " mobilization of domestic resources for
equitabledevelopment”

58. Give preference to those uses which provide for the basic needs of the most disadvantaged in
theares

6.1.2. Exclusion Rules

1. Exclude arable agriculture from the forest reserve

2. Exclude domestic grazing from areas of natural forest, critical wildlife areas, and stream
conveyancezones

3. Excludeall settlementincluding hotel accommodation fromthe forestreserve
4. Excludeali settlement and arable agriculture from stream conveyancezones
5. Exclude uses otherthan high density sett!lement from areas currently used for that purpose

6. Exclude uses that may cause significant groundwater contamination from alf aress of high and
moderategroundwaterrechargepotential

7. Exclude uses other than those related to primary production on those lands of highest production
suitability

8. Exclude anmual crops from climate zones V4 and V5

9. Exclude extensive usesfrom lands currently vnder intensive production.




6.2 PRIME SUITABILITY

As described more fully in the methodology section, the land utilization type which had the highest
aggregate policy satisfaction, and was not excluded by the exciusionary rules, was determined to
have prime suitability for the land unit in question. The land utilization types which were
considered are listed below.

6.2.1. Land Utilization Types Under Consideration

Existing Uses
1. Annual Crops(predominantly maizes, beans, peas, and potatoes)*

2. Intensive Grazing of Small Pastures*

3. Extensive Grazing/Browsing of Némral Pastures and Browseland (with fuelwood gathering)
4. HighDensity Settlement

5. Multiple Use Public Forest Land (with grazing, fuel and fodder gathering)

Potential Uses

6. Multiple UseProtection Forest (emphasis: watershed and wildlifehabitat protection, recreation,
onlylightand occasional grazing permitted)

7. Smallholder Agroforestry System (alley cropped annuals and cash crops, windbreaks, internal
and external boundary planting complete with zerograzed dairy cattle and {odder crops)*

8. Smallholder Agroforestry System (alley cropped annuals and cash crops, windbreaks, internal
and externalboundary planting, nocattle)*

9. Extensive Silvopastoral system complete with browse enhancement
10. Communal Cut and Carry Fodder and Fuelwood OrchardsA

11. Conservation

12. Irrigated Horticulture A

* includeslow densityrural settlement -
Alocation specificland uses not considered in area wide calculations

™
=
-3
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As the prime suitability map indicates, few areas have a prime use that corresponds to the current
use. While realizihg that these changes cannot occur over night, every effort should be made to
alter current land use to a more appropriate form in those areas listed as resource consuming
(particularly in regards to soil and water resources). In addition, it must be stressed that the
methodology of prime suitability selection does not include other possible interventions that have
surfaced during the study and which have been summarized earlier.
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6.3 ' SPECIFIC MANAGEMENT RECOMMENDATIONS

The land utilization types designated as prime are general categories and the specific systems and
technologies utilized on the various physiographic site types will vary. Management units have
been established based on broad similarities of climate, soil, vegetation and current management
type. Recommendations are categorized under the four different management types and, within
these, under the various management units (see management map). Naturally, these reguire
significant extension and development work tobetransformed intoreality.

6.3.1.

While specific recommendations must address the uniqueness of the various management units,
some recommendations are general enough to refer to all units. The following proposals apply to
all management units inthe study area.

1) Waterinfiltrationand it's efficient utilization must be increased. Thisis the most importaat issue
in the region. Therefore, land uses which do not incorporate water harvesting and increased
infiltration shall be prohibited on all lands designated as extremely important to aguifer
recharge. Such uses will be discouraged in all zones other than those designated as of very low

importancetoaquiferrecharge.
2) High density settlement shali be prohibited on Nitosolicand Luvisolic soils.

3) All future settlement shall be prohibited from all intermittent or continuous stream conveyance
zones. All present settlement in those zones shall be encouraged to utilize sewage holding tanks or
biogas digesters.

4) Agricultural practices that do not incorporate adequate soil conservation practices will be
prohibited on all lands of high potential erosion and will be discouraged on lands of medium
potential forerosion.

S)Revegetation of all stream ccnveyaﬁée zones will be encouraged.

6) Public awareness and educational programs should be established to inform and educate the
public of the critical issues and possible solutions.




7) The University of Nairobi should adoptthe area as multi diciplinary research ares.

8) Conservation efforts by individuals and groups should be rewarded and provision of economic
incentivesshouldmade.

6.3.2. Smatl Holder Mixed Farming

The prime suitability mapindicates that agroforestry systems, with and without a zero grazing dairy
component, have prime svitability throughout most of the farming areas of the eastern slopes. The
selection of the dairy component was based on proximity to roads in order to facilitate milk
transpott. Undoubtably, many farmers are willing to haul their milk to the road or are producing
for themselves or neighbours and would want to adopt the dairy system even though it isn't listed
as mostsuitable.

The majorrecommendations putforward forthe small holderinclude:

1) Windbreaks as part of a live fencing system of multipurpose trees and shrubs.

2) Alley cropping annuals(maize /beans /potatoes) with fruit/fuel and foddertrees

3)Terrace construction and/or consolidation utilizing fruit/fuel and fodderirees and fodder grass
4) Internal boundary planting with fodder/fuel trees/shrubs and fodder grass

5) Multipurpose shade trees in the compound

6) Treatment of roads and pathways for stability and comfort

7) Waterharvesting '

8) Zero grazing of dairy caitle

9) Extensive development of apiculturethroughoutthe area.

8)Prohibition of all further land subdivision

The specifications for the design are listed elsewhere, but fundamentally, the systems seeks to
produce fuel and food self sufficiency while at the same time contributing significantly to fodder
and cash production. Typical plans and sections of systems for a farm on steeply sloping Nitosolic
soils with climate type Il (Management unit SH1) are presented as are plans for gentle Vertisolic
lands on climate type IV (Management unit SH2). Treatment of roadways are also illustrated in
following figures (50a, 50b & 51).

N
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Figure 50a Present Problems on Roadways
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Figure 51. Typical Roadway T

Aside from addressing the environmental and production problems, the systems have large
potential for cash generation. Both dairy products and honey are in great demand aad producers
can expect to sell all they produce (if product transportation problems can be solved). The fruit tree
component is targeted for both home and market consumption while the staple crops are mainly for
home consumption . There has been no aitempt to change the staple crop of maize &s it so deeply
entrenchedin the area. Rather, every effort hasbeen made to improve the growing conditionsfor it
as well as torecommend that it is planted only during the long rains.

If the recommendations are camried out, the resulting landscape will be much more
compartmentalized. The aggregation of individual farm solutions would help solve more regional
problems such as high desiccating winds and runoff.
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Fodder/Browse Fuelwood/LiveFence Post/Pole Trees Perennial Fodder Shade in
Figare 53. Possible Functions of On Farm Windbweaks
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Possible solutions for small holder farms

The plan (figure 52) is one example of what a typical farm could look like. The sections and plans
thatfollow illustrateingreater detail some of the elements of the scheme.
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Figure 54, Typical Terrace for Small Holder Farm
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Fi 55, Example of Alle

6.3.3. Extensive Large Holders of the Western Slopes and Rift Valley

The most vrgent requirements of those largeholders living in the western portion of the study area

are to improve browse and range conditions. Accordingly, the recommendation for this area
include:

1)Protection of existing regeneration
2)Planting of browse/fodder/fuel/charcoal (for cash) trees inthe range.
3) Fedder production in live fenced orchards

Management unit LH1 currently supports far more trees than the LH2. Protection of existing
regeneration is therefore more critical in this unit. Although individual sapling protection with
thornbush fencing is possible, it may be far more efficient (in terms of the amount of thorn
branches used) to live fence la.rgér sections of the range. Certainly, this is the case for the fodder
orchards (see plan below), which will provide fodder inthe form of leaves and pods during the dry
season. Species selected for charcoal production are less palatable and should require less
protectionthanthefodder species.

Mellifercustrees (such as Acacraspp.) should be given a high priority in both the large holder nnits
as the potential for apicuiture development is very high. Possible melliferous species for this area
include:
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Acacia asak

Acacia mellifera
Acaciasaligna

Acacia seyal
Acaciatortilis

Albizia chinensis
Albizia lebbeck
Cassia siamea
Delonix elata
Eucalyptus camaldulensis
Eucalyptus globulus
Eucalyptuostereticornis
Lespedezabicolor
Lespedeza leucocephala
Pithecellobiumdulce
Prosopis chilensis
Prosopis julifiora
Robinia pseudoacacia
Schinus molle
Sesbania sesban
Tamarix aphylla
Ziziphus spina-christi




Figure 56. Possible Treatment of Rift Valley Holdings
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6.3.4. Ngong Township

Ngong Towaship lands (Management Unit PL1) are either public or leased from the council and
the town therefore has a degree of control over their use. It is suggested that those lands currently
under agricultural production on Nitosolic soils remain so or be converted to agroforesiry systems.
High density settlement should not be allowed to expand onto such land. Rather, settlement should
be contained along Ngong Road where densities could be significantly increased and additionsto
the infrastructure could be minimized . The soil survey indicated several areas in the immediate
vicinity of Ngong Town that had bedrock close to the surface, overlain by vertisols. These areas
should be further delineated by detailed soil survey and allotted to high density residential use. Itis
believed that by concentrating settlementin these areas significantincreases in population could be
accommodated withoutconsuming valuableagriculturaliands.

The increases in population that are certain to ocour in Ngong Town will have to be accompanied
by increases inboth construction and maintenance of infrastructure if environmental degradation is
to be avoided. The sewage treatment in the area is currently suffering from disrepair and should be
rehabilitated. A major effort mustbe made to connect all new and existing residencesin the town to
the system. As sewered systems become more viable with higher densities, this further makes the
case for high density spinal development along Ngong Road.

A major problem area in Ngong Township is the village of Kijiji, where densities are high and
provision of infrastructure is fow. High runoff rates into the valley below are causing serious
erosion and a very large area requires rehabilitation (see figure below). As sewage treatment in
Kijiji is extremely limited, the runoff water is polluted. It is suggested that the runoff gully from
Kijiji be hardened to withstand the flow and protect the entry road. The small catchment valley
below the town could be flooded by the creation of a dam. (see plan for location). The land
removed from production is currently so degraded as to be of limited value. It is well located
between two ridges to allow for dam construction at a reasonable cost. The construction could be
done entirely by hand, thereby providing some much needed employment.

The reservoir created would store spate flows and the water could be used for drip irrigation of
horticulturat and specialty crops in the adjacent public lands. As the water is likely to be polluted
the edges of the pond should be planted to papyrus to encourage biological purification. The
papyrus could subsequently be harvested on a rotational basis and used for local craft and furniture
industries. The possibility of aquaculture should be explored but may be of limited potential. The
following plan indicates some possibilities for the site, Not only would this plan relieve a serious
erosion and pollution problem but the resulting pond and associated cropping could add to the
employment potential of the area. The plans and sectionbelow conceptually illustratethe scheme.
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igure 57 n Proposed Reservoir




221




TioATasTy YTy Pasodold JO AdTA 6G aman]

%=
¥ o
:

POOM DN, _u.,_.u_.._ac”.v._




6.3.5. Public Forest Land

Interventions in the forest reserve have long been recognized as necessary. They have, however,
met with limited success. In addition some of the interventions have been misguided. Althoughitis
commonly agreed that the hills must be reforested, such agreement does not apply to the method.
The forest department is attempting reforestation with predominantly exotic species. This isbeing
done despite calls by others, including the President, for indigenous plantations. Recognizing the
difficulty in obtaining native germplasm, future efforts must be directed towards the establishment
of a native forest on the Ngong Hills. There are only 3077 hectares of forest reserve. The prime
function of this land is water catchment protection (above all other uses).

In order to maximize the utilization of the land while at the same time protecting it's primary
function, compatible land uses should be encouraged. Unfortunately for some, this does not
include heavy grazing of steep slopes or browsing of regeneration. It also does not include
unsupervised firewood collection. Recognizing that the forest reserve is currently providing many
people with resources (eg. 71% of the sample population admitted getting at least some of their fuel
requirements from the reserve) any future plan must provide for those requirements in some way if
it is to succeed. Those collecting fuel and fodder in the reserve must have their needs met or they
will agempt to meet anyway. Assuredly, these attempts will not be in the way the land manger
might wish.

6.3.5.1. Maonggement Units

Although the prime suitability map indicates the prime use for all of the forest reserve to be
protection forest, the form of the forest will of course vary with site conditions. Recognizing this,
the different management units have been proposed. Thefollowing are the broad recommendations
for eachumit.

Unit FR1
1) Enhancement and conservation of existing forest stands by:
a)Protection of regeneration
b)Rehabilitationof thickets
¢)Total domesticgrazing exclusion
d)Replanting to Afromontagneand Transitional Montagne species
2)Wildlife habitatenhancementby:
a) Browse and pasture manipulation
b) Creation of small enclosed meadows andincreased "edge effect” during replanting

[N}
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Unit FR2 2.6
1) As above but replaating with Dry Montagne species

Upit FR3a.b

1) Eniancement and conservation of indigenous vegetationby:
a)Protection of indigenousregeneration
b)' Harvesting of invader thickets for fuelwood (closely supervised by forestry staff)
c)Replanting to Afromontagne and Transitional Montagnespecies

2}Planting of melliferoustrees

3) Emergency(drought) grazing only

FR4a

1) Conversionto extensive silvopastoral system utilizing indigenous speciesonly by:
a)Protectionof indigenous vegetationand regeneration
b)Planting of all stream conveyance zonesto transitional montagne species
c) All other planting to transitional and dry montagne species (emphasis mefliferous and
charcoalingspecies)

FR4b,c

{)Protection of indigenous vegetation and regeneration

2) Planting of all stream conveyance zones to dry montagne species

3) Browse and Wildlife habitatimprovement utitizing indigenousspecies only
4) Melliferoustreesfor apiculture

5)Domesticgrazing strictly exciuded

ERS

1)Protection of indigenousvegetation and regeneration

2) Browse and Wildlife habitatimprovement utilizing indigenousspecies only
3)Melliferoustreesfor apicuiture

4)Emergency domesticgrazing strictly excluded

Usnit FR6, Fuel and Fodder Boundary Strip
In keeping with a desire to protect and enhance the natural resources of the hills, while at the same

time meeting the requirements of local people, it is suggested that a two hundred meter strip be
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established on the fzsideof the eastern forest boundary running from the Magadi Road to the roacd
leading tothe top of the hill. Thisrepresents approximately 168 hectares or 5% of the total gazetted
land. It is proposed that the strip be managed as a communal fuel and fodder orchard. It would
have live fencing on either side to exclude both cattle and goats from the forest reserve and wildlife
from the farming area. At no time would arable agriculture be allowed in this strip and continuous
vegetative ground cover would be maintained at all times. Any residual forest remnants should be
identified and are to be maintained in their natural state. Perennial shrub, tree and grass crops
would be planted. Sections of the strip would be allotted by water drainage basin to groups of
residents from that drainage downstream. (see section below) These people would be responsible
for all work on the plot and would reap the benefits, Technical backstopping would be provided by
theforestry department. (including provision of seedlings at cost)

A further benefit of the strip would as a vegetative fireguard. Harvesting would occur just prior
grass curing thus reducing the risk of fine fuel ignition. The selection of speciesfor the live fencing
also has accounted for low ignition rates.

It should be recalled that the government had offered, but then subsequently withdrawa, to allow
the squatters in the forest to resettle on a 400 meter strip inside the reserve. There should be the
potitical will to establish the new strip, understanding that, although the intensively managed area
consumes a portion of gazetted forest land, it may indeed save the remaining area from further
degradation. Once the strip is established, then all incursions into the forest by gathers must stop
and this must be enforced.
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Figure 60. Proposed Forest Boundary Fuel/ Fodder Strip



Figure 61. Section of Proposed Forest Boundary Fuel/ Fodder Strip

Fodder/Fuel Boundary Strip (drainage basin)



6.3.5.2.
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General Planting Kecommendations

The efforts of the forest department to establish plaatations have often been thwarted by the
difficult conditions. It is suggested that all planting follow the general approach of planting the
indigenous species that are occurring on similar sites in the forest. A strict policy of indigenous

planting only should be followed in the forest reserve.

The southern and western ends of the reserve are dry and will not support a dense forest.
(management Unit FR4a) As they are currently utilized for extensive grazing, it is suggested that
any planting in these areasbe directed towards the establishment of a light canopy coverthat allows

for continued grassiand. The suggested species and spacing for planting are shown below.

The main canopy species for planting should be:

Below 2200 meters on the Eastern Slopes:

Dombeya goetsenii (thisis a particularly melliferoustree and should receive priority )

Albizia gummifera
Croton megalocarpus
Calodendron capense
Markhamia hildebrantii

Above 2200 meters, on the eastern slopes:

Dracaena afromoatana
Ekebergia capensis
Cassiapourea malosana
Cussonia holstii
Schefflera volkensii
Teclea nobilis
Akokanthra sp.

bove 230 nthe w
QOleaafricana
{Cussonia holstii

Euphorbia candelabrum

Below 2300, on the western slopes:
Acacia mellifera
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Acacia tortillis
Tarchoanthus camphoratus
Acacia drepanolbium

It is suggested that the department concentrate on these few species and get them established. As
the easternslopes receive the mostrainfall and stand tobenefit most from reforestation, they should
bereplanted first. Planting efforts should concentrate on those areas that offer the greatest potential
for success, namely, well watered valley bottoms with deep soils. Afterthese areas are established,
effortscan turnto more problematicssites. The established areas will startto modify theirimmediate
environment and will, with time, reestablish themselves. Species diversity will increase as the
stands develop more niches by natural successicn.

Germplasm should be obtained from local indigenous stock to ensure proper provenance, Planting
stock should be containerized with a well developed root structure in order to deal with possible
drought conditions. The planting site should not be pre-dug, asisthe case now, for this only tends
to further desiccate the site. Rather, it should be prepared just prior to planting and should
incorporate small scale water harvesting to direct overland flow towards the planting site,

The success of the foregoing efforts is dependent on proper site protection from fire and
destruction of seedlings by domestic stock. Such protection is fundamental to the entire
reforestation program and should receive serious attention. A fire control plan for the area should
be drawn up and regular fire control training of the planting crews and should be undertaken.

6.3.5.3. Tourism and Recreation

The benefits to boththe local and national economies of tourism could be substantial. Currently the
potential is notrealized. Thefollowing efforts should be made in order toincrease the attractiveness
of the area to both local users and tourists alike.

1.) The road to the antennae on the ridge should be repaired and receive regular maintenance.
Diversion ditches and grassed waterways are required as current erosion on the road is serious,

2.) The old road parallel to the present one should be cross ditched and seeded where fnecessary.
3.) The standing old power poles should be removed.

4.) The antennae and radio station fences should be covered in vines grow. If possible, tall he
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buildings should be painted a very light, neutral brown .
5.)Parking should be designated at the last and second last radio stations.

6.) Interpretive signage should be erected near the trail head describing the geology of the area
(surely among the most interesting in the world)

7.) All vehicular traffic should be banned from the hills with the exception of the main road to the
antennae station. Traffic barriers should be established at both ends of theridge. Thiswill eliminate
user conflicts as well as reducing the damage by 4x4's currently occurring on the tracks.

8.) The walking track along the ridge should be extended and marked to run from the Magadi Road
to the Kibiko Road.

9.) A track should be developed to run from the main ridge to the Finch-Hatton Memorial taking
advantage of game viewing tobuffalo commonly across the valley. (see map)

10.) Ensure that no hotels are constructed in the reserve as this would significantly diminish the
attraction of the hills. (a possible site for a hote! is on the ridge, south of the Magadi Road about
34Km.) '




6.4. IMPLEMENTATION

The responsibility for implementing the majority of the suggestions in this plan rests with the local
people, While some seedlings and technical advice may come from the Departments of Forestry
and Agriculture, there is certainly no possibility of those departments doing any of the actual
planting on private lands. The local farmers have clearly shown a willingness and ability to plant
trees, as the private lands now have far more trees and hedgerows than were shown on the 1978
photography. Indeed, some of the areas are barely recognizable. Additionally, many farmersinthe
area have a highly developed knowledge of agroforestry techniques. The willingness and ability to
plant is @ great resource but requires direction if land use in the area is to be optimized. The
development of a series of model farms and demonstration plots will help in this direction.

6.4.1.

Although, the Department of Agriculture does have some "model farms"” in the area, many of the
finest farms we visited were not among them. Several exemplary farms within each drainage basin,
should be identified and provided with seedlings free of charge complete with detailed technical
advice. Oncethe proposed systems are established onthe model farmsthe individual farmer can act
as a local extension officer. Department officials (of whichthere are plenty in the area) can identify
problem farms within the drainage basins and direct them to the model farms for instruction. The
model farmer must be paid a stipend for his efforts in order to allow him to hire extra labour. It is
felt that by transferring the extension work to alocal farmer who has actually applied the advice on
his own farm, the credibility and success of the program will be enhanced . It must be stressed that
the model farms, if they are to succeed, must not be anomalies in the area. They must represent a
situation, in terms of economic and other resources, that many farmers in the area have, or would
have, areasonablechance of achieving.

Cther demonstration plots should be established at schools, but should adopt a different strategy
than has previously been employed. Most of the projects at schools in the area have met with very
little success due in most part to management problems. A local farmer should be employed to
manage the small demonstration plots. If they do not succeed for reasons of management, he is
simply replaced. The plots can be used for instruction at the schools as well as for the general
population. Other possible agroforestry demonstrations could be at shops such as those on the
upper circular road, churches etc. In all cases it is suggested that one individual be Amed and Aele




' responstble for 1U's success,
The proposed forest fuel and fodder strip can also be used for demonstration purposes but arable

cropping will not be allowed in that area and therefore it's usefulness as an example will be limited
to livefencing, fuelwood production and fodder orchards.

6.4.2

As production of viable seedlings of the desired species is fundamental to the success of the
program, thefollowing suggestions should beimplemented.

1.) The existing government nursery at Ngong should be expanded and it's production doubled, A
doubling in production should not be a great problem as most of the necessary resources are
already on site. This should not merely be a doubling of production of the species currently
employed, but should be of those recommended earlier for planting. There are frequent complaints
that farmers cannot get the species they desire and this problem must be addressed.

2.) Seedlings should be grown on a contract basis for the government by local producers and/or
organizations. Specifications for planting stock should be set and bids taken for their production.
The stock is then provided to farmers at cost or used in government reforestation efforts on the hill.
In this way local nursery expertise is nurtured and taken advantage of. It is expected that this
method will be more cost effective than government nurseries. Transportation problems and costs
should be reduced.

3.) Germplasm must be found for the seedling production. This is commonly seen as a bottteneck
in agroforestry production and serious efforts must be made to overcome the problem, Seed
sources should be identified and purchased well in advance of the production (while maimaining
proper seed storage to ensure viability). Indigenous germplasm should be coliected by qualified
technical forestrystaffonly.

4.) Selected individuals and / or organizations should be selected for mursery training through the
Nursery Training Centres (Japanese Project), or the Fuelwood Afforestation and Extension

Project.

6.4.3. ' Planting

Local pecple must plant their own trees. As mentioned earlier the farmers must pay for the cost of




the seedlings used on their own farms and ranches. This is to ensure that care is taken with the
investment. Additionally, it is suggested that rebates (of the cost of the seedlings) be paid to
farmers/ranchers if they successfully establish the trees. After all, the benefits of additional tree
planting accrue to those residing off farm as well and this fact should be recognized.

Inthe public areas outside of the forest reserve eg. roadways, local residents would be paid a small
fee to establish roadside trees and shrubs provided to them at no cost. Prunings from these trees
would be available to those who established them. Selective fellings would occur intime and the
resulting wood would be sold by the sub-location to help finance the scheme. The trees would then
bereplanted on the same basis.

Planting in the forest reserve should be carried out by both government employees and contract
planters and the results compared. The latter are used more and more frequently in other countries
with good success. The contract is let based upon a 100% survival rate of seedlings. Planting
checks are conducted by forestry staff and deductions made for poor planting. Not only may
private planting contracts provetobe more cost effective than government planting, butlarger areas
may beplanted (assuming available seedlings).

6.4.4, ajor Project

The major projects mentioned, namely, the forest boundary strip and the Kijiji reservoir and
accompanying irrigated specialty crops have special organizational and funding requirements. The
following sections briefly examine these issues but is by no means comprehensive and requires
further study.

6.4.4.1. ' The Forest Boundary Strip

Perhaps the largest problem to overcome on this project is that of access to the land; who should
have it and who should coordinate the efforts. As group organizations in the area appear to be
weak, it is suggested that farmers be organized by Department of Agriculture staff on a drainage
basin basis. The forest strip assigned to them will be from height of land to height of land and will
include bottom lands and side slopes. Asthe size of the strip will be limited, it isimportant that the
number of people with access to the area does not exceed it's ability to produce a reasonable
amount for each farmer, Asthis areais seen as a supplementary areato their own farms, it does not
have to provide all their fuel and fodder requirements. Access must definitely be limited to those
living in the hills themselves. Itis not necessary that the participants be land owners. In the case of
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the Kijiji residents, none are land owsners. The specific requirements of the group will have to be
reassessed as they will vary from drainage to drainage. Kijiji residents for example have greater
need for fuelwood and less need for fodder than many other residents in the hills,

Inthisproject, thelead agency mustbethe Forest Department.

6.4.4.3.

This project againis problematic organizationally. Asthe entire projectis within Ngong Township,
it is suggested that the Town council coordinate all activities. After a detailed project design is
completed it could be submitted to a number of organizations for funding. The project could
employ many people and these should be hired from within the township only.

Management of this public project could become burdensome to the town and it is suggested that

the overall manger be on private contract and accountable for project success and continued
viabitityafterinitialinstallation.

6.4.4.4. Lxtensive Silvopastoral Systems of the Rift Vallcy

Given the harsh climatic conditions of the Rift Valley seedlings should be produced on the eastern
slopes and shipped for planting. Organization must be by individual cattieman. Ordersfor numbers
of trees/shrubs should be taken a year in advance and staggered delivery dates selected taking into
account the possible planting amounts per day.

6.4.5. Partial List of Organizations Offering Advise and/or Funding

The following organizations are activein the field of agroforestry, community forestry or fuelwood
development. Individuals, groups and organizations in the study area are urged to contact them for
advice and, in some cases, possible funding for projects.




Partial 1.ist of Organizsations Olfering Advise and/or Funding

MajorNationalOrganizations

1)Environmemt Liaison Centre

2)Kenyan Agricultural Research Institute

3)The Green Belt Movement

4)KenyaEnergy Non-Governmental Organizations Association
S)KenyaRenewable Energy Development Project

6) Kenya Woodfuel DevelopmentProject

7) Ministry of Agriculture - Soil Conservation Project
8)TheForest Department

9yPermanent Presidential Commission on Soil Conservation and Afforestation
10)Rural Afforestation Extension Scheme

11) Special Energy Programme - GTZ

OtherOrganizations

12) CARE -Kenya

13) Appropriate Technology Centre - Kenyatta University

14) Energy Initiativesfor Africa

15) Action Aid - Kenya

16) Establishment Project of Nursery Training Centre for Social Forestry
17) Fuelwood Afforestation and Extension Project

18) German Agricultural Teamin Kenya

19) German Forestry Team - GTZ

20)Mazingiralnstitute

21) Maendeleoya Wanawake's Women and Energy Project
22)Salvation Army

23)MennoniteCentral Committee

24)United Nations Environmental Program

25) OXFAM

26)Renewable Energyand Environmental Conservation Associationin Developing Countries
27) International Council for Researchin Agroforestry




6.5, : Fyture Research

This project has sought to adopt an integrated approach to the investigation and planning of the
Ngong Hills landscape. It hasbeen, necessarily, multi-disciplinary in nature. Ideally, such a study
would employ experts in the various fields and the landscape architect would coordinate the work.
In this study, however, the author has been a one man multi-disciplinary team and the accuracy of
the work in a number of areas of study has no doubt suffered. In addition the withdrawal of
research clearance limited field work. However, as the prime objective of the study hasbeentotest
the planning methodolgy, these inaccuracies must be considered secondary. It is hoped that future
work in the area will address these short comings. The following work is recommended for future
study:

1) A detailed cruise of the vegetation of the forest reserve and correlation of the results with SPOT
satellitdmagery.

2} Study of the vegetative ecology of the area with particular emphasis on succession and
community behaviorin response to grazing and fire.

3) Preparation of a detailedmanagement plan forthe forest

4) Preparation of afire control plan for the forest and adjacent areas.

5) A detailed soil survey in the area of Ngong Towa-in order to identify sites for high density
development

6) A complete survey of all wildlife in the reserve and preparation of a detailed wildlife
management planforthearea

7) Study of soil degradation (both erosion and fertility depletion) under various cropping and
agroforestry systems)

8) Testing and evaluation of suitable cash crops (including tree crops) and their incorporation into
agroforestry systems,

9) Testing of hydrologic response to various land uses
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10) Testing of the planning methodolgy with more local peoples input (as was originally planned,

butimpossible due to government restrictions)
11) Testing of the methodolgy with more detailed land utilizationtypes

12) Testing of the planning methodolgy at different scales (overboth larger areas and smaller areas;
inKenya, atthe district and locational and sub-locational scales)

13) Testing of the planning methodolgy in combination with satellite imagery and a geographic
information system (GIS)
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6.6. CONCLUSION

This research project has been an attempt to examine, in g holistic manner, the issues and concerns
facing the Ngong Hills, and to develop areasoned plan of action based upon that examination. The
study has looked at both the bio-physical and socio-economic environments as well asthe national
and historical context of the study area, in asdetailed a manner astime and resources permitted. To
be sure, there are short comings in the particulars of the plan that require further refinement, but
the development and testing of the planning process has been completed. The process put forward
i one in which {and uses are matched to fand in such & way as to maximize the satisfaction of the
bio-physical and socio-economic requirements of the area. It is the opinion of the author that the
process tested is viable and deserving of further study.

If sustainable agricultural production, together with environmental stability, istobe achievedinthe
face of enormous human pressures, comprehensive development proposals must be put forward
that consider the harmony and balance of the overall system. Stability can only be achieved if the
landscape evolvestoserve the community in such a way that it integrates both the economic and the
ecological processesthat supportit.
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Appendiz 1. Laberatery Resulls of Represenialive Bell Bamples



PROFILE # 1

General Information:

Mapping Unit:
Soil Classification:

Agro-Climatolgicalone:

Elevation:
ObservatioaDate:
Location(UTM):
GeologicalFormation:
Local Petrography:
Physiography:

Slope Gradient:

Land Use:
Vegetation:
Overwash:

Surface runoff:
Surfacesealing/cracks:
DrainageClass:
Human Infiuence:
Erosion: _
Effective Soil Depth:

Al 0-25cm.
AC 25-95¢cm,
C 95 - 150cm.

VB2

pellic VERTISOL

IvV-5

1860 m

1986/09/02

372509

Ngong Volcanics
Undifferentiatedbasanites,tephrites,atlantites, ankaratrites
DepositionalPlain

0-2%

Grazing, arableagriculture, recreation(school yard)
Grassland: 7hemeds, Cynodon Some scattered Acgciasp.
None

Moderate

Slightsealing (4mm), cracking (45 mm wide x 500mm deep)
Poorly drained

Heavy

Severeindrainage channels, otherwise slight

150cm. +

Very dark grey (10YR 3/1) when dry and black (10YR 2/1)
when moist. Clay, Strong and coarse, angular blocky
structure; extremely hard when dry, extremely firm when
moist, very sticky and very plastic when wet; frequent and
evenly distributed fine roots. Many cracks (5 cm)
throughout  horizon. Smooth and  gradual  traasition
to:

Black ( 10YR 2/1) when moist; Clay. Moderate and coarse,
angular  blocky swucture; extremely hard when dry,
extremely firm when moist, very sticky and very plastic
when wet, Cracking evident to 45 cm.; common fine to
medivm roots. Abundamt slickensides; Smooth and gradual
transitionto:

Very dark grey (10YR 3/1) when moist. Clay; Strong and
coarse, angular blocky structure; extremely hard when dry,
extremely firm when moist, very sticky and very plastic
when wet; Few carbon nodules (1 -2 mm) evenly distributed.

Few fine and medium roots.
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Soil Chemical Analysis Results Soil Classification

PROFILE # 1 pellicVERTISOL
Mapping Unit VB2

Lzboratory No. 1.1 1.2 1.3
Horizon Al AC C
Depth(cm) 0-25 25-95 95 - 150
pH- KCly 3.83 5.06 5.16
pH- H,0 5.66 7.06 7.26

% C 1.26 0.80 0.10

% N 0.045 0.066 0.029

P (ppm) 3.0 3.1 19.0
Texture Clay Clay Clay

% Sand 27.12 24.20 25.74
% Clay 55.82 54.14 56.05
% Silt 17.06 21.66 18.21
CEC (me/100g) 52.0 50.0 49.9




251

PROFILE 22
Generallnformation:

Mapping Unit:
SoiiClassification:

EFro—Climatolgica.Zone:

evation:
ObservationDate:
Location(UTM):
GeologicaiFormation:
LocalPetrography:
Physiography:
Stope Gradient:
Land Use:
Vegetation:
Overwash:
Surface runoff:
Surfacesealing/cracks:
DrainageClass:
Human Influence :
Erosion:
Effective Soil Depth:

ProfileD T
A 0-20

B 20-55

C@R) 55+

FR2

orthicLUVISOL

IV-5

1940 m

1986/09/02

367501

Ngong Volcanics
Undifferentiatedoasanites,tephrites atlantites ankaratrites
Footridge

5-10%

Grazing arableagriculture

Grassland adjacent to contimoous cropland

None

Moderate

none observed

Moderatelywelldrained

Heavy:cultivation terracing overgrazing

hgoderateto heavy whereuntemraced, otherwiseslight
S5cem.

Very dark greyish brown (10YR 3/2) when moist; Clay,
strong, medium, sub-angular blocky structure; very hard
when dry, very firm when moist, sticky and plastic when
wet, few to common very fine pores. Common fine and
medium roots; Surface very stony (class 3); Smooth and
gradual transition to:

Very dark grey (10YR 3/1) when moist; Clay, strong,
medium,  sub-angular  blocky  structure;  very  hard
when dry, very firm when moist, sticky and plastic when
wet, few fine pores. Abropt transition to:

Mottled greyish brown (10YR 572) and yellowish brown
(10YR 5/8) decomposing saprolite. Easily broken with spade
but with no root penetration. Sample 2.3 is of crushed

saprolite.
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Soil Chemical Analysis Resolts Soi! Classification
PROFILE #2 Orthic LUVISOL
Mapping Unit FR2

Laboratory No. 2.1 2.2 2.3

Horizon A B C@®)

Depth(cm) 0-20 20 - 55 55+

pH- EClp 6.74 5.97 594

pH- H, 0 7.82 7.42 7.50

%C 1.99 2.64 .60

%N 0.29 0.28 0.18

P {ppm) 325 16.6 35.1

Texture Clay Clay f::,gy clay

% Sand 27.78 28.32 54.96

% Clay 42.46 44.36 30.38

% Silt 30.06 27.33 14.66

CEC (me/100g) 45.7 49.3 37.0




PROFILE#3
Generalinformation:

Mapping Unit:
SoiiClassification:

ro-ClimatolgicalZone:

evation:
ObservationDate:
Location{(UTM):
GeolfogicalFormation:
LocalPetrography:
Physiography:
SlopeGradient:
Land Use:
Vegetation:
Overwash:
Surface runoff:
Surfacesealing/cracks:
DrainageClass:
Human Influence:
Erosion:
Effective Soil Depth:

ProfileDescription:
A 0-10cm.

R 20 + cm.

RSt RS2, RS3

LITHOSOL

IV-6

2000m

1986/09/02

361481

Ngong Volcanics

tephrites

Scarp

40%

Grazing Wildlife

lgbemedaGrassland. scauered Acacigand Buphorbia
one

excessive

none observed

Excessivelydrained

Moderate: heavy grazing pressure, burning, wood cutting.
Moderatetoheavy oncattie/gametracks; potential: severe.

10-20cm.

Dark brown (7.5 YR 3/2) moist; Clay loam; moderate,

medium,  granular structure;

Slightly hard when dry,

Friable when moist, slightly sticky and slightly plastic
when wet, Abundant very fine and fine pores; Common

fine tomedium roots, Abrupt transitionto;

Grey (10YR 5/1) mottled with strong browa (7.5 YR 5/8) and
dark reddish brown (SYR 3/2) stone. Can be broken easily
with spade and is infrequently penetrated by medium and

fine roots.
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Soil Chemical Analysis Results

Soil Classification

PROFILE # 3 LITHOSOL
Mapping Unit RS1,2,3
Laboratory No. 31 32
Horizon A R
Depth (cm) 0-20 20+
pH- KClp 5.57 5.22
pH- H, O 6.94 7.11
% C 1.92 0.32
% N .07 .03
P (ppm) 102.0 110.0
Texture Clay Loam Rock
% Sand 39.61 NA
% Clay 31.60 NA
% Silt 28.79 NA
CEC(me/100g) 30.6 33.4




PROFILE # 4

Mapping Unit:
SoilClassification:

ro-Climatolgicalone:

evation:
ObservationDate:
Location(UTM):
GeologicaiFormation:
LocalPetrography:
Physiography:
Siope Gradient:
Land Use:
Vegetation:
Overwash:
Surface runoff:

Surfacesealing/cracks:

DrainageClass:

Human Influence :
Erosion:
Effective Soif Depth:

ProfileDescription:

A 0-30cm,
A2 30- 60 cm.
B 60 - 150 cm.

FS1

dystricNITOSOL

I-5

2080 m

1986/09/05

372492

Ngong Volcanics

Undifferentiatedbasarites,tephrites atlantites ankaratrites

Footridge

15%

Grazing, Arablecropland .

I?'Lgobwﬁm C)ﬂﬁ maize, beans, citrus, otherarable crops
one

moderateatsite, accellerated onadjacent steepslopes

none observed

Welldrained

Heavy.forestclearing, cultivation, terracing

Li%ht onterraced fands, severe onunterraced steeplands;

150 + cm.

Dark reddish brown (SYR 3/4) when dry, Dark reddish
brown (S5YR 3/2) when moist; Clay; moderate, medium,
subanguler  blocky structure; slightly hard when dry,
frisble when moist, slighly sticky and plastic when wet;
many fine and medium pores; sbundant fine and common
medium roots; Gradual and smooth transitionto:

Dark reddish brown (S5YR 3/3) when dry, Dark reddish
brown (SYR 2.52) when moist; Clay loam; moderate,
medium, sub ar blocky structure; slightly hard when -
dry, friable when moist, slighly sticky and plastic when

‘wet; common very fine, fine and medium roots; Diffuse and

smoothtransitionto:

Yellowish red (SYR 4/6) when dry, Dark reddish
brown (SYR 3/4) when moist; Clay; moderate, medium,
subangular blocky structure; slightly hard when dry,
friable when moist, slighly sticky and plastic when wet; few
very fineroots.
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Soif Chemical Analysis Results

Soil Classification

PROFILE # 4 dystric NITOSOL
Mapping Usit FS1
Laboratory No. 4.1 4.2 4.3
Horizon Al A2 B
Depth(cm) 0-30 30 - 60 60 - 150
pH- KCly 5.25 5.82 5.37
pH- H, O 6.56 7.22 6.92
%C 1.48 2.05 0.64
% N 0.14 0.31 0.08
P (ppm) 0.98 8.0 1.30
Texture Clay Clay Loam Clay
% Sand 23.80 24.00 14.14
% Clay 56.36 37.32 75.08
% Silt 19.84 38.62 10.78
CEC(me/100g) 28.3 35.0 28.5




PROFILE#® S
Generallnformation:

Mapping Unit:
SoilClassification:

lAifm-Climttulgica.llcme:

evation:
ObservationDate:
Location(UTM):
GeologicalFormation:
LocalPetrography:
Physiography:
Slope Gradient:
Laad Use:
Vegetation:
Overwash:
Surface runoff:

Surfacesealing/cracks:

DrainageClass:
Human Influence :
Erosion:

Effective Soil Depth:

ProfileDescription:

A 0 - 15¢m.
B 15 -50cm.
R 50+

RSt

(tumic)orthic LUVISOL

1I-6

2300 m

1986/09/03

370469

Ngong Volcanics

Undifferentiatedvasanites, tephrites atlantites ankaratrites

ConvexRidgetop

0-5%

Grazing Wildlife
Themedagrassland
None

moderate

none observed

Welldrained

Heavy: some forest clearing, road building, burrow pit

Light

S0cm.

Dark  browsn (1.5YR 34y  dry, dark  brown
(7.5YR 372) moist; Sandy loam; Slightly hard when dry,
friable when moist, slightly sticky and slightly plastic
when wet; Strong, medium to coarse, granular structure;
abundant v fine to fine pores; abundant fine and
medium roots; Cleartransitionto;

Dark reddish brown (SYR 3/4) dry, Dark reddish brown
(SYR 3/3) moist; Sandy clay loam; moderate, medium,
suba.nfular blocky structure; slightly hard when dry,
slightly firm when moist, slightly sticky and slightly plastic
when wet; common very fine and micro pores; abundant
fine and medivm roots; abrupt transitionto:

Gr:z (10YR 5/1) and yellowish brown (10YR 5/6) mottled
rock(saprolite).




258

Soil Chemical Analysis Results

Soil Classification

PROFILE # 5 orthic LUVISOL
Mapping Unit RS1

Laboratory No. 5.1 Not analysed 5.2 Not analysed
Horizon A B1 B2 R

Depth (cm) 0-15 15-30 30 -50 50+

pH- KCl, 4.04 3.84

pH- H, O 5.9 5.27

% C 3.36 3.46

% N 0.50 0.32

P (ppm) 0.8 0.2

Texture Sandy Loam E:ﬂiy Clay

% Sand 61.80 61.73

% Clay 14.98 24.25

% Sift 23.22 14.02

CEC (me/100g) 29.6 28.8
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PROFILE2 7
GeneralInformation:

Mapping Unit:
SoilClassification:

ro-Climatolgicaone:

evation:
ObservationDate:
Location(UTM):
GeologicalFormation:
LocalPetrography:
Physiography:
Stope Gradient:
Land Use:
Vegetation:
Overwash:
Surface ronoff:

Surfacesealing/cracks:

DrainageClass:
Huaman Inflnence:

Erosion:
Effective Soil Depth:

ProfileDescription:

Al 0-10cm.

A2 10-30 cm.
B 30-45¢cm.
C 45-85cm.

FR2

orthicLUVISOL

II-5

1940 m

1986/09/03

405410

Ngong Volcanics
Undifferentiatedbasanites,tephrites atlantites ankaratrites
ConvexRidgetop

0-10%

Mixedfarming

LBucalptus, Crotonmepalocarpus, maize, beansete.
None

moderate

none cbhserved

Moderatelywelldrained
Heavy:cultivation,terracing, dwellings

Light

85cm.

Dark yellowish brown (10YR 3/4) dry and very dark grey
(10YR 3/1) moist; Clay; Moderate, medium, subangular
blocky structure; very hard when dry, very firm when
moist, slightly sticky and slightly plastic when wet; common
fine pores and common very fine - mediom, few coarse
cracks(2cm. ); gradual smoothtransitionto:

dark grey (10YR 3/1) dry and very dark greyish
brown (IOYI% 32) moist; Clay loam; Moderate, medivm,
subangular blocky (slightly prismatic) structure; very hard
when dry, very firm when moist, slighily sticky and
slightty plastic when wet; few fine pores, few coarse
cracks (2cm.), common very fine-medium roots, few coarse
roots; gradual and smoothtransition to:

Dark reddish brown (SYR 3/4) mottled with black
(5YR2.5/1) and very dark greyish brown (10YR 3/72) (all
when  dry); Clay;  Moderate, medium, subangular
blocky structure; very hard when dry, very firm when
moist, slightly sticky and slightly plastic when wet; few fine
pores; very few fine roots; few manganese shot like (2mm)
concretions. Cleartransitionto:

Light brownish grey (2.5YR 6/2) mottled with light
vellowish brown (10YR 6/2) aad dark yellowish brown
(10YR 4/4) when dry and dark grey (10YR 4/1) and brown
(10YR 5/3) when moist: Moderate, medium, subangular
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blocky structure also common gravel 15-25mm throughout

herizon; very hard when dry,

very

firm when moist,

slightly sticky and slightly plastic when wet; very few fine
roots; common very fine pores; Abrupttrassition to;

R 85 +cm. Massive rock layer. Noroot penetration.
Soil Chemical Analysis Results Soil Classification
PROFILE # 7 orthic LUVISOL
Mapping Usit FR2
Laboratory No. 7.1 7.2 1.3 1.4
Horizon At A2 B C
Depth{cm) 0-10 10 - 30 30-45 45 - 85
pH- KClp 4.90 4.84 5.18 5.38
pH- H, O 6.84 6.60 1.02 7.05
% C 2.33 1.22 0.28 2.05
%N 0.23 0.17 0.09 0.07
P (ppm) 5.0 0.7 0.2 0.3
Texture Clay Clayloam | Clay Clay
% Sand 39.50 39.58 40.66 41.01
% Clay 40.15 37.72 41.82 40.82
% Silt 20.35 22.70 17.52 18.16
CEC (me/100g) 27.5 23.3 29.7 26.4
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PROFILE # 9
Generallnformation:

Mapping Unit:
SoilClassification:
lAifro—Chn_ imatolgicalZone:
evation:
ObservationDate:
Location(UTM):
GeologicalFormation:
LocalPetrography:
- Physiography:
Stope Gradient:
Land Use:
Vegetation:
Overwash:
Surface ranoff:
Surfacesealing/cracks:
DrainageClass:
Human Influence :
Erosion:
Effective Soil Depth:

| ProfileDescription:

A 0-25cm,
B1 25 - 60 cm.
B2 60 - 90 cm.,
B3 90 - 150 cm.

FS1, FS3, FR1
d{stricNIT OSOL
II-5

2000 m

1986/09/04

384483

Ngong Volcanics
Undifferentiatedbasanites, tephrites atlantites ankaratrites
footridge side stope

5%

Mixedfarming

Luvcalptus, Cypress, Crotronmaize, beansetc.
None

Excessive

None observed

Welldrained

Heavy:cultivation,terracing, dwellings
Moderatetosevere

150 + cm.

Dark reddish brown (SYR 3/4) dry and Dark reddish brown
(SYR 3/3) moist; Clay; moderate, medium, sub angular
blocky structure; hard when dry, friable when moist, sticky
and slightly plastic when wet, common fine and medium
pores; abundant fine to very fine roots;, smooth and gradual
transitionto:

Dark reddish brown (SYR 3/3) dry and moist; Clay; moderate,
mediom, sub ar blocky structure; hard when dry,
friable when moist, sticky and slightly plastic when wet;
common medium pores; common fine to very fine roots;
smooth and gradual transitionto;

Dark reddish brown (SYR 3/4) dry and Dark reddish brown
(YR 3/3) moist; Clay, moderate, fine, sub angular
biocky structure; hard when dry, frisble when moist, sticky
and slightty plastic when wet, common v fine
pores, few fine to very fine and medium roots; diffuse
transitionto:

Yellowish red (SYR 4/6) dry and reddish brown
(SYR-4/4) moist; Clay, weak, very fine to fine, sub angular
blocky structure; hard when dry, friable when moist, sticky
and slightly plastic when wet; common micro to very fine
pores; very few fine to medium roots.
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Soil Chemical Analysis Results

Soil Classification

PROFILE # 9 dystric NITOSOL
Mapping Usit FS81,3, FR1

Laboratory No. 9.1 9.2 9.3 9.4
Horizon Al B1 B2 B3
Depth (cm) 0-25 25-60 60 - 90 90 -150
pH- KCI; 3.7t 4.79 4.93 5.04
pH- H,O 5.23 6.38 6.82 6.40

% C 1.08 1.12 0.93 0.3%

% N 0.14 0.24 0.18 0.107

P (ppm) 1.8 0.3 0.3 0.9
Texture Clay Clay Clay Clay

% Sand 19.18 18.54 17.48 17.40
% Clay 50.70 51.86 49.39 50.74
% Silt 31.12 29.60 34.13 31.86
CEC (me/100g) 19.2 24.5 21.1 18.7




Generallnformation:

Mapping Unit:
SoiiClassification:

ro-ClimatolgicalZone:

evation:
ObservationDate:
Location(UTM):
Geuiogica!Fumuion:
LocalPetrography:
Physiography:
Slope Gradient:
Land Use:
Vegetation:
Overwash:
Surface ranoff:

Surfacesealing/cracks:

DrainageClass:
Human Influence :

Erosion:
Effective Soil Depth:

ProfileDescription:

A 0-20cm.

B 20-50cm.
C 500- 110 cm.
R 110 + cm.

Fs2

verticLUVISOL

II-5

1940 m

1986/09/02

403421

Ngong Volcanics
Undifferemiatedbasanites tephrites atlantites ankaratrites
Footridge

15 -20%

Pasture, arableagriculture

Grassland adjacent to contimuous cropland

None

Moderate

slight sealing 3 -4mm. minor cracking
Moderatelywelldrained

Heavy:cultivation terracing ,overgra.z':ni
Moderatetoheavy whereuaterraced, otherwiseslight
110cm.

Dark reddish brown (SYR 2.572) both dry and moist; Clay;
Strong, medium, sub ar blocky structure; common fine
pores; very hard when dry, very firm when moist, very
sticky and very plastic when wet; common medium and fine
roots, common{ine pores; smoothtransition to;

Dark reddish brown (SYR 3/3) when dry and Dark reddish
brown (SYR 3/2) when moist; Clay; Strong, medium to
coarse, subangular blocky structure; extremely hard when
dry, extremely firm when moist, very sti and very
plastic when wet; slightly shiny ped faces; Few fine pores;
Smoothtransitionto:

Dark reddish brown (SYR 3/2) when dry and moist; Clay,
Strong, medium to coarse, subangular blocky structure;
extremely hard when dry, extremely firm when moist, very
sticky and very plastic when wet; Few fine pores; slightly
shiny ped{aces; Abrupttransitionto:

Motiled grey (SYR 5/1), yellowish red (SYR 5/6), (SYR 5/8);
Rock(Saprolite).
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Soil Chemical Analysis Results Soil Classification
PROFILE # 11 orthic LUVISOL

Mapping Unit FS2

Laboratory No. 11.1 11.2 11.3 not analysed

Horizon A B C R

Depth(cm) 0-20 20 - 50 50-110 {110+

pH- KCI, 5.14 4.94 5.27

pH- H, O 6.78 7.00 7.30

%C 1.7¢ 0.20 0.14

% N 0.28 0.33 0.15

P (ppm) 1.7 0.25 0.3

Texture Clay Clay Clay

% Sand 22.10 20.76 18.38

% Clay 59.36 60.00 59.90

% Siit 18.54 19.24 21.72

CEC(me/100g) 36.8 41.0 39.6




PROFILE # {3
Generallnformation:

Mapping Unit:
SeoilClassification:

Agro-ClimatolgicalZone:

Elevation:
ObservationDate:
Locationa(UTM):
GeologicaiFormation:
LocalPetrography:
Physiography:

Slope Gradient:

Land Use:
Vegetation:
Overwash:

Surface runoff:
Surfacesealing/cracks:
DrainageClass:
Human Influence :
Erosion:

Effective Soil Depth:

ProfileDescription:
A 0-15cm.

AC 15- 150 cm.

VB1
ellicVERTISOL
4
1820 m
1986/09/06
362384
Ngong Volcanics
Limurutrachytesandquartztrachytes
Valley floor (near edge of western slopes)
0-5%
Grazing , wildlife
Grassland, scattered Acacrasp.
None
Moderate
heavy cracking 5S0mm. wide, 65 cm. deep, slight sealing
Imperfectlydrained
Moderate: overgrazing, wood cutting
slight
150 + cm,

Black (10YR 2/1) dry and moist; Clay; strong coarse sub
angular blocky structure; extremely hard when dry,

extremely firm when moist, very sticky and very plastic
when wet, abundant coarse pores, abundant fine and
mediom  roots; extreme swelling characteristic; stony

surface (class 3); smooth and gradual transition to:

Black (2.5Y 2/0) dry and moist; Clay; strong coarse sub
angular blocky structure; extremely hard when dry,
extremely firm when moist, very sticky and very plastic
when wet; common slickensides; common medium pores in
upper portion only; few medium rootsto 60 cm. ;
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Soil Chemical Analysis Results

Soil Classification

PROFILE # 13 VERTISOL
Mapping Unit VB1
Laboratory No. 13.1 13.2
Horizon A AC
Depth(cm) 0-15 15 - 150
pH- KCIy 6.3 6.14
pH- H, O 1.714 7.44
% C 1.72 1.27
%N 0.16 0.12
P (ppm) 2.0 0.2
Texture Clay Clay
% Sand 19.18 20.78
% Clay 63.50 58.20
% Silt 17.32 21.02
CEC (me/100g) 49.1 51.8
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PROFILE # 14
il ion:

Mapping Unit:
SoilClassification:

Agro-Climatolgicalone:

Elevation:
ObservationDate:
Location(UTM):
GeologicalFormation:
LocalPetrography:
Physiography:
Slope Gradient:
Land Use:
Vegetation:
Overwash:
Surface runoff:

Surfacesealing/cracks:

DrainageClass:
Human Influence :
Erosion:

Effective Soil Depth:

fileDescription:

A 0-25cm.
Bt 25-65¢cm,
B2 65 - 150 cm.

FS2

fuvicPHAEOZEM

V5

2020m

1986/09/06

387390

Ngong Volcanics
Undifferentiatedbasanites,tephrites atlantites ankaratrites
Footridge(midsiope)

15%

Grazing, wildlife,occassional agriculture

Grassland, scattered Acacrasp.

None

Moderate

slight sealing (2mm)

Moderatelywelldrained

Moderate: overgrazing, small soil quarry, wood cutting, fire
slight

15% + cm.

Dark reddish brown (S5YR 3/2) dry and moist; Silty clay
loam; hard when dry, frisble when moist, sticky and plastic
when wet, common medium and fine pores; sbundamt fine
roots; few worm casts; smooth and gradual transitionto:

Dark reddish brown (SYR 3/3) dry and moist; Clay; hard
when dry, friable when moist, sticky and plastic
when wet, few medium and fine pores; common fine
roots; smooth and gradual transition to:

Dark reddish brown (2.5YR 3/4) dry and dark red (2.5YR3f6)'
moist; Clay; hard when dry, friable when moist, sticky and
plastic when wet, few medium and fine pores; very few fine
roots.
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Soil Chemical Analysis Reyults Soil Classification
PROFILE # 14 orthic LUVISOL
Mapping Unit FS2

Laboratory No. 14.1 14.2 14.3

Horizon A B1 B3

Depth (cm) 0-25 25 - 65 65 +

pH- KClp 5.13 4.93 3.64

pH- H O 6.60 6.64 6.62

%C 1.52 0.64 0.15

% N 0.22 0.20 0.12

P (ppm) 0.55 0.15 0.1

Texture ﬁ}gclay cﬁy clay

% Sand 18.4 17.61 15.46

% Clay 38.76 58.56 73.16

% Silt 42.84 23.83 11.38

CEC(me/100g) 30.8 24.3 325
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PROFILE # 1§
Generallnformation:

Mapping Unit:
SoilClassification:

ro-ClimatolgicaFone:

evation:
ObservationDate:
Location(UTM):
GeologicatFormation:
LocalPetrography:
Physiography:
Slope Gradient:
Land Use:
Vegetation:
Overwash:
Surface runoff:
Surfacesealing/cracks:
DrainageClass:
Human Influence :
Erosion:
Effective Soil Depth:

ProfileDescription:

A 0-15cm.
B 15-45cm.,
R 45 + cm.

RS2, RS54

eutricREGOSOL

V-5

2020 m

1986/09/08 -

376391

Ngong Volcanics
Undifferentiatedoasanites,tephrites atlantites ankaratrites
midslope of western scarp

20% it

Grazing, wildlife

Grassland, scattered Acaciasp. Byphorbia
none

moderatetoaccellerated

slight sealing (2mm)

welldrained

moderate: overgrazing, wood cutting  fire
slight

45 cm.

Dark grey (10YR 4/1) mottled with dark greyish brown
(10YR 4/2) and very dark grey (10YR 3/1) when dry; Clay
(very stony and fravelly); Very hard when dry, firm when
moist, plastic and sticky when wet; Moderate, medium, sub
angular blocky, structure; common fine and medium pores;
common fine and medium roots; smooth and gradual

transitionto:

Very dark greyish brown (10YR 3/2) mottled with yeliowish
brown (10 3/6); Clay with ressively more gravel
Moderate, mediom, sub ar blocky, structure; Very hard
when dry, firm when moist, plastic and sticky when wet;few
fine and medium roots, common fine to medium pores;
Diffuse boundaryto:

Yellowish brown (10YR 5/8), light yellowish brown (10 YR
6/4), and black (2.5Y 2/0); Rock (including pyroclasts
(Scm.) and gravel with minor inclusions of clay in coarse
pores; common coarse pores; littiercot penetration.
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Soil Chemical Analysis Results Soil Classification
PROFILE # 15 eutricREGOSOL
Mapping Unit RS2, RS4

Laboratory No. 15.1 15.2  |notanalysed

Horizon A B R

Depth (cm) 0-15 15-45| 45+

pH- KCly 4.94 4.97

pH- K0 5.30 5.85

% C 1.80 0.88

%N 0.12 0.11

P (ppm) 8.45 8.45

Texture Clay Clay

% Sand 20.36 19.04

% Clay 51.24 59.36

% Silt 28.4 21.60

CEC(me/100g) 38.5 44.6
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PROFILE # 17

Generallnformation:

Mapping Unit:
SoilClassification:

ro-Climatolgicallone:

evation:
ObservationDate:
Location(UTM):
geoil icalFormation:

ocalPetrography:
Physiogrt:;fyzp ¢
Slope Gradient:
Lard Use:
Vegetation:
Overwash:
Surface runoff: ‘e
Surfacesealing/cracks:
DrainageClass:
Human Influence :
Erosion:
Effective Soil Depth:

ProfileDescription:

A 0-20cm.

AB 20-30

B 30- 100

R 100 +

VB3

luvicPHAEOZEM

V-5

1740 m

1986/09/08

356397

Ol Esayetiand Limuru Volcaaics
Phonolites

valley floor at toe of favlted ridge
10%

grazing wildlife

grassland, scattered Acacrasp.
none

moderate

none observed
moderatelywelldrained
moderate: overgrazing, woodcutting, fire
slight

Very dark greyish brown (10YR 3/2) dry, very dark grey
(10YR3/{) moist, Clay loam; very hard when dry, very firm
when moist, and sticky and plastic when wet; Moderate |,
medium, subangular blocky structure; common scorpions,
beetles in horizon, termite mound gearby; Abundam fine
pores; few fine roots; smooth and gradual transition to:

Dark brown (10YR 3/3) dry, Very dark greyish brown
(10YR 32) moist; Clay;, very hard when dry, very firm
when moist, and sticky and plastic when wet; Moderate,
medium, subangular blocky structure; few fine roots;
common fine pores; Smooth and gradual transition to:

Very dark greyish brown (10YR 3/2) dry and moist; Clay;
very hard when dry, very firm when moist, and sticky and
plastic when wet; Moderate, medium to coarse, sub angular

blocky; few fine roots; common fine pores; abrupt
transitionto:
Rock
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Scil Chemical Analysis Results Soil Classification
PROFILE # 17 luvicPHAEOZEM
Mapping Uait VB3

Laboratory No. 17.1 17.2 12.3 not anslysed
Horizon A AB B R

Depth (cm) 0-20 20 - 30 30-100 | 100 +

pH- KCIp 5.36 5.30 5.55

pH- Hy O 6.8 6.35 6.45

% C 1.76 0.68 0.83

% N 0.19 0.15 0.37

P (ppm) 9.2 0.1 6.4

Texture Clayloam | Clay Clay

% Sand 35.66 36.91 34.17

% Clay 38.48 44.52 46.19

% Siit 25.86 18.57 19.64

CEC(me/100g) 24.3 28.8 27.8
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FROFILE # 18

Generallnformation:

Mapping Unit:
SoilClassification: -

ro-ClimatolgicalZone:

evation:
ObservationDate:
Location(UTM):
GeologicalFormation:
LocalPetrography:
Physiography:
Slope Gradient:
Land Use:
Vegetation:
Overwash:
Surface ronoff:

Surfacesealing/cracks:

DrainageClass:
Humaga Influence :
Erosion:

Effective Soil Depth:

ProfileDescription:

A 0-25cm.

B 25-40 ¢m,

R 40 + cm.

FS3
orthicLUVISOL
I11-6
2140 m
1986/09/08
378460
Ngong Volcanics
Undifferentiatedbasanites,tephrites atlantites ankaratrites
footridge
30%
ing wildlife
Albizia, Dombeya
none
accelleratedif vegetationremoved otherwiseslow.
none cbserved
welldrained
moderate: wood cutting, fire
slight
40cm.

Dark reddish brown (5YR 2.572) moist; sandy clay loam;
moderate, medium, subangular blocky structure, slightly
hard when dry, friasble when moist, slightly sticky and
slightly plastic when wet; abundant very fine and fine
pores; Abundant medivm and fine roots (forming mat);
Smooth and gradual transitionto:

Dark reddish brown (SYR 2.5/2) moist; sandy clay loam;
sirong, medium, subangular blocky  siructure;  very
hard when dry, frisble when moist, sticky and-
Flastic when wet; Common medium and fine roots (much
essthan A); abrupttransitionto:

Yellowish red (SYR 4/6) mottled with very dark grey (SYR
3/1);Saprolite
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Soil Chemical Analysis Results

Soil Classification

PROFILE # 18 orthic LUVISOL

Mapping Unit FS3

Laboratory No. 18.1 18.2 not analysed

Horizon A B R

Depth(cm) 0-25 25-40 40 +

pH- KCly 5.28 5.25

pH- H, O 6.01 6.59

%C 3.90 2.64

% N 0.33 0.36

P (ppm) 2.7 2.0

Texture ;::gy clay f;:ly clay

% Sand 58.0 58.16

% Clay 22.3 21.2

% Silt 19.7 20.64

CEC (me/100g) 34.8 33.6
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PROFILE # 20
GeneralInformation:

Mapping Unit:
SoilClassification:

ﬁfro-(.‘.limatolgicﬂlone:

evation:
QbservationDate:
Location(UTM):
GeologicalFormation:
Locdgetmgnphy:
Physiography:
Slope Gradient:
Land Use:
Vegetation:
Overwash:
Surface runoff:

Surfacesealing/cracks:

DrainageClass:
Human Infiuesnce :
Erosion:
EffectiveSoil Depth:

ProfileDescription:
A 0-25¢cm.

B 25 - 45¢cm.

C 45-110cm.

R 110+ cm.

FR1

orthicLUVISOL

1I-6

2240m

1986/09/08

376452

Ngong Volcanics

Undiffereniatedbasanites,tephrites atlantites ankarateites
footridgecrest

20%

grazing wildlife

Albizia, Dombeyaand Themeda/Pennisetumgrassiand
none ,

accelleratedif vegetationremoved otherwisestow.

none observed

welldrained

slight to moderate: wood cutting, some overgrazing, fire
slight

110 cm.

Very dark greyish brown (10YR 3/2) dry and moist; Clay;
Strong, medium, subangular blocky structure; very hard
when dry, slighly frisble when moist, sticky and plastic
when wet; few very fine pores; abundant fine roots; smooth
and gradualtransitionto:

Brown to Dark brown (10YR 4/3) dry and dark yelowish
brown (10YR 3/4) moist; Clay; bard when dry, friable when
moist, slightly sticky and slightly plastic when wet; few fine
to micro pores, few fineroots; Clear transition to:

Dark brown (10YR 4/3) moist; Clay loam; hard when dry,
friable when moist, slightly sticky and slightly plastic
when wet; few fine to micro pores; few fine roots; Abrupt
transitionto:;

Sapmﬁw
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Soil Chemical Analysis Results

Soil Classification

PROFILE # 20 orthic LUVISOL
Mapping Unit FR1

Laboratory No. 20.1 20.2 20.3
Horizon A B C
Depth(cm) 0-25 - 25-45 45 +
pH- KCI 5.30 5.10 3.77
pH-H, 0 5.60 6.58 6.72

% C 4.15 1.51 1.27

% N 0.35 0.33 0.24

P (ppm) 1.55 0.2 34
Texture clay clay clayloam
% Sand 137.93 38.14 38.86
% Clay 45.28 42.32 38.22
% Silt 16.79 19.54 22.92
CEC (me/100g) 35.5 31.7 30.0
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0 £23
Generallnformation:

Mapping Unit:
SoilClassification:

Agro-Climatolgicaone:

Elevalion:
ObservationDate:
Location(UTM):
GeologicalFormation:
LocalPetrography:
Physiography:

Slope Gradient:

Land Use:
Vegetation:
Overwash:

Surface runoff:
Surfacesealing/cracks:
DrainageClass:
Human Influence :
Erosion:

Effective Soil Depth:

ProfileDescription:

A 0-20cm.

B 20 - 100 em.

R 110 + cm.

RS2

vitricANDOSOL

IV-6

2340 m

1986/09/08

370456

Ngong Velcanics

Undifferentiatecbasanites, tephrites atlantites ankaratrites
small valley on western scarp

60%

grazing wildlife

scattered Syphortia sp., Themeda/Hyparbeniggrassiand
none

excessive

none observed

excessively drained

slightto moderate: fire

slightbut potential severe

{00 cm. but highly variable

Black (10YR 2/1) moist; Loam; slightly hard when dry, very
friable when moist, non sticky and non plastic when wet;

sbundant fine pores;
smooth and gradual transitionto:

abundant fine and medium roots;

Very dark grey (10YR 3/1) moist; Clay loam; hard
when dry, friable when moist, slighlty sticky and slightly
plastic when wet; abundant fine pores; common fine and

medium roots; abruptiransitionto:

Rock
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Soil Chemical Analysis Resuits

Soil Classification

PROFILE # 23 vitricANDOSOL
Mapping Unit RS2

Laboratory No. 23.1 23.2 not analysed
Horizon A B R
Depth(cm) 0-20 20 - 100 100 +
pH- KCly 5.91 5.95

pH- H,0 6.97 7.36

% C 4.24 2.0

%N 0.66 0.62

P (ppm) 8.8 3.7

Texture Loam Clayloam

% Sand 43.60 37.75

% Clay 11.40 38.60

% Sift 45.0 23.65

CEC(me/100g) 46.1 49.5




Appendiz 2. Ferm Survey Quessiiennalrs



FARY QUESTIONNAIRE Sample *

Bate: Yv. fie. Buy Grid Location
Inlcaviveer: Bezpondent name {optional)

General landuze pattera Landuge gyatem?®
Soil Type Slope®

DEMOGRAPEF

Respondent Agde Sex Education

Othexsa X ) 3 e | F
0-4 40-44

5-9 45-49

i0-14 50-54

15-19 35-39

20-24 60-64

25-29 65-69

30-34 369

35-39 Total

Grand Total (both sexes)

HISTORF

Leagth of time respondeat has:
a)lived imerea ____~_  Vorked this lend

What form of 1and ase waz practiced at beginning of that period?

What wag the vegetative cover type st the time of occapation? {apecify species)

What Changez have occurred in land gze and condition {incl. weather) since that
time?

BESOURLES and USE

.Ema’

Land Size Category: 1) landless; 2) 0-2 ha 3) 2.1-5 ha 4) 5.1-10 ha 6) over 10 ha



Land Uge Type

Bosinfed cropland

Arealha. (main farm/outfields) Yields
or aamber

2

Dbzervationz

tigt crops {indicate long (L) or ghort (5) rains

a)

b)

¢}

4}

e)

1)

&

NWote: Rank Cash oropsl,2.3..ete in terms of cagh generation

Irrigated cropland

Fallow

Permanent Paatare

Trees + Shruba

{ Fruit, coffee etcy

Human food

Otherxr Treeg+Shrubs

{Woodlot,Forest fodder}

Fodder Cropz

Dwelling Space

{incl. 1! out Bldgs.}
Water

Xitchen Garden

Narsery

TOTAL

TENTRE

(Freehold, Lease (Note length and type} Public)

—

Shared lsnds
Acceszsg to other lands? Y/N

Gwner Uge

Location:{grid location)

Digtance/ Joursaey time

LAZOGR

Type

Farm Begpondgibilities

Famsly

Adalt Hale

Non-farm Activities

Adalt Female

Children




Hired or Exchonge (specify rafe or commoditr}

Iyvpe Hamber

Adult Hale

Farm Begpondzibilities

Adalit Female

Children

LIVESTONE

Type Number Usge

Yearly
Yield

Feed (gee below)

Beeof Cattie

Dairy Cattle

Sheep

Goata

Pouitry

Donkeys

Other {eg. beea)

FEED CODE: fresh grags {G); stored hay {H); maixe cobs (M) tree fodder {T)
cagsava chipe {C); other {(specify}).

Ig fodder awvailsbilty a problem?

When?{at what times of the year)

 OIBER RESGTRCES

Toolz and Equipment {type and aumber):

Other {specify):

Whot major improvements have you made to your land?

What improvements would you most like to make?




LIMITING RESOURLES

If you wented to improve the production of your farm, which of the following
would you mozst aced? Rank and give purpose.

BANX FACTOR FURPGSE

land

labouar

Draught animalz

Inputs (Fertilzers Seedlings Pesticides)

Nachinery/Implements

YWater

Other

FROFLEM IDENTIFICATION 1N BOUSEROLD FRODILTION SUBSFSTEMS

Food Froduction Subsysiem
Production Objectives {indicate primary or secondary objective P/S )

FProdaction

Staple food zelf gufficiency
Supplementary production of staples

Parehare
Purchage of mogt staples

Supplementary purchage of staples
Sala
Sale of food ceazh crops

~Sale of surplas food crops

Sapply Problems
Do Seasonal Shortagesz of Staples Coour? Y/N

In what sesson?

They occur:
— only in bad years — in most years — e¥en i good years

Hain Times Of

Hain Crops Planting Weeding Harvest Cossamption Parchage




Lausal Factors Respondsible for Supply Probdlems
CROP PRODUCTICN

Caazal Factors Explanatory Notes {incl.slleviation moethods)

— Land ghortage
w Labour Shortage
— Draught power shortage

~— Hoiatare deficiencies
—— shoxrt growing season
e Gnsreliable timing of raing
— midgeazon moisture stregs

poor imafiltration of rein
low water holding capacity

~— Poorx rooting conditions
—— shallow soils

poor stracture/consistency
poor drainage/acration

— Tillage problems
—— workability
—— rockas / atones 7 roots

— So0il nutrient deficiencies
gpecity and note evidence

— S0il exowion
Other hazards
flooding/ waterlogging
salinization
#oil toxicities
weeds
crop digeases
ingect pests
other pests
theft

NERRRENE

- Inadegquate sapply of inputs
e fertilizerz
— Zeeds

—— Other factors:

LIVESTOCK PRODUCTION

Problems/Caussl Factoxs Seagon Motes

— Weight 1032 ox poor gain
— Low milk prodaction
— High moxtality

— unweaned snimals

wm. adult animals

w Low reproduction rates
— Laad shortage

—~— Labour shortage

— Water shortage

— Pasture ghortage




—— Browse gshorxtage

— Fodder shortage

—— Poox quolity of feede (zpecify)
— FPastare degradation

e Bush encroachment

— Soil erosion (Type)

w—— Fixe hoaxerd

— Inadequate fencing
— Inadequete shade

— Insdequate veterinary services

— Other factors

What % of your farm iz sabject to the following:

Exogion Guily Bill Sheet Wiad

Stight

Hoderate

Severe

Whsat have you done to alleviate above and iz it adequate?

Digt. Change
Uae Sourxce Adeguate{Y/N) Distance I/D/0*

Drinking

' Wazhing

Stock

Irrigation

* Change in last five years I=incresse; D=decrearse; U=anchanged

Who draws the watlex?

Do you have any water storage facilitiea?

Are you uziag any water congervation meagares? Y/X
What measzures are you using? {eg. muich, windbreaks, etc.)




Circle and check appropriate aress

Ugee Heans of Supply Awmount
Type Cooking Heating Industry Prodoce Collect Parchase (I or A)
firewood
charcosal
orop regidues
dang
paxaffin
gaw
eleotricity
other

¢ State amount and sdequacy, I = Inadequate; A = Adequate

What type of stove are you uging?

Locatioa of woodfael {firewood and charcoal)

Time spent zecaring energy?
Iz this moxe then it was five years ugo?

Would the household prefer to be using other enexrgy sources? If go specify type
and specieg deagired

1z supply.time or cash expenditures conszidered a problem?

Are energy shortages anticipated in the fatuare?

What are yeu doing to improve the situation?

Skelter Subsystem

Sheliter Besource Statas Needs

Hamsan dwelling

Stock shelter

Storage

VWindbreaks

Shade for people

Shade for stock

Shade for cropse

Fenciag - cropiand

Feacing - grexiag land

Fencing - corralz, bomas




Fencing - gecarity

Delineation of boundary

Delineation of tracks

Protection of catohment areas

Protection of drainage/irr.

Buailding poets. poles.sawloge

Roofiang matexials

Roaw Materisls Subsysicm

Cottage Industry Raw Material Produced/Parchaged  Problems/Causes

A e e Y e

Expeaditares Amount and/or % of total Expenses Problems
—— Food

— Clothing

— Energy

— Shelter

— Raw Materialse

—— Social Expenses

— School Expenszes

- Crop Inputs
—— Hired Labour

—— Equipment Parchage/renatal

—— Livegtook Parchease

— Veterinary Expenses

— Other {specify)

Income Sources Amouat and/oxr % of total income

— Sale of cash crops

— Sale of surplue foods

— Sule of livestock

- Sale of oottage Ind. Products

— Ssale of tree products
— Off form employment

— Biftz and remmittances

— Other {zpecify)

Yotal income per family group?

Arxe savinge posgible?
What timez of year ie cagh a bottleneck?




Social Production Subsysies

Social Production/Expeditare Problemsfoauges
eg. weddings dowry . subdivigion funerals inheritance

Mansgement Practices

1) a.Do you fallow any of your land? (Y/N}
b.If 2o what iz the leagth of fallow?

2) a.Do you uee manare, fertilizer, or mulch?
b. If =20 how much?

3) Do you plant any trees on your land?
If 80 , complete below.

SPECIES Mo. LOCATION * REASON ** % SURVIVAL
*Location Code: 1)Trees in rows aloag path 2)Irees sround the compound
3)Scattered treea in the fields 4)Riverinme trees
F)Hedges 6)Plantation/woodlot
?)¥ataral woodlot/shrabz/bushes8)Pasture 9) Terraces
$*Reagon code:  1)Fuelwood 2¥Charcoal
3)Beam FPosts 4)Building Poles
5yPosts 6)Boxndwood
?)Honey 8)Animal fodder
9)Green manure 9)Food and frait
10)Hedicinet 11}other {specify)

4) What iz the main reasons for seedling mortality?

5) Where do you get your seedlinga?

1) Community sarsery 2) Goverament aursery

3) Private aursery 4) Trenplantz from own land
5)Transplants from other landz {specify where)

6)Mataral regeneration 7) On farm sursery

6) a Iz this aursery well located?
b.Can you suggest a better place?

7) Can you obtsin the speciez you desire?

8) If you were going to plant trees next yeor, what species wonld you plant, where
and for what reszons?
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9} a. Do you ever plant treeg outzide the farm boandary?
b. If 20 , for what reagon?
¢. What gpecieg?
d. Do others plant?

10) Would you participate in the following and what problems might arige?
Can you suggeat poseible tocations?

Uadexrtaking Participate (Y/N) Potentisl Problems Location{grid)

Community Woodlot

Community Pastare

Community Foddexr Orchard

Cat and Carxy Eayland

Community Nargery

11)5hould existing pasture fands be tuaraed into forest plantations? {Y/W) ____

12)Have the number of trees in the ares increesed oxr decreaged in the last five
years?

1) increased 2) decreased
3) remained the game 4) Don't know

13) If answer to 12 ig 1) , How has this ocourred?
1) Protected by locel people 2) Protected by goverament
3) Population not increagsed 4) New plantations establizbed
5) Hore than one answer

14) If answer to 12 iz 2) , How haz thiz occoarred?

1) Population increaged 2} Cultivation iacreased
3) Uncontrolled cutting 4) Too much grexing
5) Fire : 6) More then one answer

15)Do you pruse or pollsrd your trees?

16) Do you belong to any sgricultaral organizations or self help groups? If o
pleage gpecify?

17) What activitiez sare involved in above?

18) How many man/hours per week iz worked on your land daring the following
pexioda? Sowing Seazon ___________ Growing Seazon . Harveat
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Possible Niches for Trees aod SBrubs
Hark for each potentisl niche whether it is/hag:

A B.

1. Hajor or Primary aiche 1. Few or no trees now in niche

2. Secondary miche 2. Some growing there now

3. Niche nncommon or doean't exiat 3. Plonted trees there now

A Accegs .. Private, Public, Shared (lease, exchange, etc)
1 Hegexowa

Z Fallow Laad{short term)
3 Fallow land {long texrm)
4 Woodlots
5 Rangeland
6 Pastures
? Pereanisl plantations or oxrcharde
8 Croplaad
9 Around Home
— 10 Property boundaries
— 11 Field boundariesz
—- 12 Boada, traile, public places
-~ 13 Bivexbankse
— 14 Gallies
— 15 Terraves
— 16 Drainage channels
— 17 Waterholes
— 18 Other{specify)

FErrrrrn

LErrrrrrr e

beperal Lomments:, Major fopcerns of Respondent

Persopal Gbservations

Attitade to questioning 1) Relactant'2) Deceptive 3) Open and obliging

Attitade to Agricultare 1) Carefree 2) Mediocre 3) Keen
Othex:
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Legend 1o the Soil Mapping Units

R woy il Neunes

R51 - Complex of modentely deep 10 shallow orthic LUVISOLS
and LITHOSOLS

RS2 - LITHOSOLS with inclusions of dhaliow extric REGOSOLS &
moderazely doep vieric ANDOSOLS
K53 - LIFHOSOLS

RS54 - Shaliow caric REGOSCH S with inclation of Eithasols sad
shatiow virke ANDOSOLS

Seabs wi o the Foomridzes imd Founloges
F31 - wery deep dyairic NITOSOLS
FS2 - moderyizly deep oehic LIFVISOLS » ih
very occanional inckatians of dysinc NITOSOT S
¥33 - Shallow arhix LUVESOLS wich aceatanal i husiors of
dyniric KITOSOLS

FR1 - Comples of deep dywric NITOSOLS and moderacty docp
ot LUVISOLS

FRZ - Mokraxcly deepio dullow LUVISOLS

Suils o e Valiey Bottenin and Vodeasic Plains

VBI - Doep pellic YERTISOLS (rarrcay swelling charactonistica)
¥B2 - Deep petlic VERTISCLS tmodersse pwrlling charscteriation

VB3 - Modcraicly docy 1o decp bivic MIALDZEAMS

Note: For descriptions of represcoaive profiies toe Appendis

Crru s | laen Vo

J. Douglas Olson 1987
Department of Landscape Architecture
University of Manitoba Canada

NGONG HILLS
a landscape study

RIFT YALLEY PROVINCE KENYA



Vegetation. ~Mosaic . 2

Legend 10 the Vegelation Classes

E Annusl Cropt {w=woody uvesstory)

Pasture (w= wooded pasture}
l.'ndir!rrcn(iurd Afremontagne Forest

ETrudl'mu! Moatagee Forest

B Bry Montagne Forest

E]Tl‘nnn (ieleripersed with grassland)

[ Jcrasans

[ﬂﬂrm:d with ocrassional forest ecasnanis and thickels

High Density Seitlement Areas

Note: See voport for diaprams and details of Ihe tlasscs

Crn e s e W

J. Douglas Olson 1987
Department of Landscape Architecture
University of Manitoba Canada

NGONG HILLS
a landscape study

RIFT VALLEY PROVINCE KENYA
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‘Legend

. Tephrites, Tva2

Altuvium, Clays, Swamp Soils

Middle & Upper Kerichwa Valley Tuffs, Tvif2

Lower Kerichwa Yalley Tuffs, Tvill

C! Esayeti Oligoclase Tephrites, Tvad

Phenolites, Tvph

Limuru Trachytes & Quartz Trachytes, Pihl

Basanites, Tephrites, Atfantites,
Ankaratrites (undifferentiated), Tval

000 Faulls Saurre: Sapgerson (1971)

¥ea1tiown din:

Cormas Bkl bouh ey Mo

J. Douglas Olson 1987
Department of Landscape Architecture
University of Manitoba Canada

NGONG HILLS
a landscape study

RIFF VALLEY PROVINCE KENYA



Climate

V-5, subhumid to
semi-arid

te the Bio-Climatelogical Classes

.1[146‘ subhumid

1S, subhumid

D VY-S, semi-arid
D ¥4, semi-anid

IV-5, sublumid 10
semi-arid

fotrntial IR af faiton

Tempariture

Pirsa 2
[fr=pC ) Clan

REs%| Chams Vegeuntion [fe of adapted
prpricvitard Maise crup
S Twen T
Haho Rty Lew
50 -85 fub bt N EareH
e barid ey Worctant (7.
% e and 20 Bethnt | Mot |10 245
Medim {102
15-40 | semans wiee {27783

At
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fxirty ool

1 e
LI TR TU [N/

%18

[eoct e {22
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Lower
eone L 1) (TR

@OOOOO General Wind Dimstion (10e also Wind Rosc)
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J. Douglas Olson
Department of Landscape Architecture
University of Manitoba

1987
Canada

NGONG HILLS

a landscape study

RIFT VALLEY PROVINCE

KENYA



Legend 1o the Elevation  Classes -

24060 - 2500 meters (A.S.L.)
2300 - 2400
2200 - 2300

2100 - 2200

2000 - 2100

1900 - 2000

1800 - 1900

1700 - 1800

[]
]

as 20080 M 2

[

400

Cirms kel ] gan huoes Moo

J. Douglas Olson 1987
Department of Landscape Architecture
University of Manitoba Canada

NGONG HILLS
a landscape study

RIFT VALLEY PROVINCE KENYA
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Legemt 1o the Slope Classes™ -

Very Steep

Steep

Moderately Steep

Moderate

Gentle

Very Gentle

P Mewss @b

I

Lamc buenal baas Teerey Moters

J. Douglas QOlson 1987
Department of Landscape Architecture
University of Manitoba Canada

NGONG HILLS
a landscape study

RIFT VALLEY PROVINCE KENYA
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Legend 1o the Aquifer Recharge €

. Extremel) High Aquiter Recharge Valur

High Aquifer Recharge ¥alue

Moderate Aguifer Recharge Yalue

D Law Aquier Recharze Vale
D ey Lo Acsfer Recharge Vae

Stream {Scasonal)
— . — Draitage Basin Divide
1.2... Druleage Easia Identification Number

* Based oa climate, sorl permeability, shopc. wepetanos and curreat Bnd use

AN e, EILY

U

1
1)

Lormur butersa: kgush Faem Moen

J. Douglas Olson 1987

Department of Landscape Architecture
University of Manitoba Canada

NGONG HILLS
a landscape study

RIFT VALLEY PROVINCE KENYA



iegend 1o the Soil Mapping Units

Soils of e Ridgo Svarpy
RS - Corples of modermtely deep 1o shaliow onthic LUVISCHS
A LITHOSOLS

RS2 - LITHOSOLS with inchesions of shalkow eurkc REGOSOLS &
ouxderaely doep viric ANDOSOLS

RS3 - UTIHOSLS

REL- Shatlow cutric REGOSOLS with wcluwians of Lithinady and
shallow vitne ANDOSULS

aml Fowgsdopes

D FS51 - very docp dysiric NITOSOLS

F52 - maderately deep orthic LUVISOLS w b
very oecassional wchutions of dyvtne NITOSOLS

F53 - daliow erthic LUVISGLS with occassionst
inchesions of dyune NITOSOLS

FR1 - Comples of decp dyiaric NITOSOLS 3nd madeaatcly deep
anto: LUVISOLS

PRY - Moderately deep b Buliow LUVISOLS

Secbe of Hie Valkey Holtems amd Voloaic Plains

% VBI - Deeppetiic VERTISOLS fruimme swella characterinics]

¥B2 - Deep petic VERTISOLS (modkrae saelling cheraacristios

VB3 - Moderately decp 19 doep bavic PHALOZIAG

Note: For descriptions of repes scntative peafikes sec Appendin
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Legend 1o e Potential Erosion® Cl

. High Poteatial for Erosion

Moderaie Polentiat for Eresion

Low Polentisd for Frosioa

* Poiceilal for erosion ia the event of regelatve carer removal
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Eegend to 1the Ve

Annzal Crops (w=moedy oversters)
Fasture {w= wooded pasiure)

. Undifferectilaied Afromoniagne Forest
. Trangitionsl Montagne Forest

Dry Montagne Forest

Thickets (interspersed with prasstandy
D Grassland

D Grassland with occassioral forest remnants and thickers

255 Thorabush Grasstand

Dry Thorabushland

Wigh Density Selilement Arcas

Kote: See report for disgrzms and drtails of the clatses
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Trees — edgs on mallho]der Lands
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Land Use = Map 10

nd 10 the Land Use Clas:

Suadibelder Pivae Lands tholdings © 20 haoy

Mized farming >20% 2anu2 crops

Mixed farmieg >56% percnnial crops

Miced farming >50% grasing of small or improsed pastures

1rrigated agriculiure

Tree ané shrub crops

Eugcholder Privae Lands tholdings - 20 ha))

k. Grazing f browsing of nalural pastures by cartle,
B2 sheep, goats end wildife, fuclnood gainiring

% Annual fraps

Caomntion Lands eloblec holdangsy

SN U
T
W »
P Y 3 . Water calchment, wildlife kabital, extensive graring
7 ‘ '
)

5
7 ’/////’// 27
i

Z

Water catchmenl. wildiife habliaz, extensive grazing,
fuelwood gathering. nzlural fosest

Tourism wnd Recreaion
. Mived farming

ME Lands ppablic & provae holdingsy

High density setilement

. Exlraclive industries {murram and soil)

Note: Legend relects predominant land use. Lesser uses may be
present in grid coll. See compuler data base for details
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TN Settlemer

B ARBOEUN

NN
I I INT

Ln
TR Y
+

Legend to the Infrastructure

TTIITY

Buitding or cluster of buildings

TTILIL]

Antennae instatlatlon

Deveioped spring

Surisce mater impoundmenl
All wearher road {bouvnd surfacel
Improved loose sorfacr road feccasdonally impansatibe fo salovn car:

Motorable trackh (double widib)

HRREREE

Moicrable Irack {single widih, s2loon ¢ars nol recommendedy
—+— Fool palh or misor 414 1rack

== I Powrerlisc

— O = Waler Pipeline {ia place or soon to e construcledt

'S
Scho...... School DHE......Bistrict Head Quarters
NOfoennd Nuriery
Mho.. . Market
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. Resource Consuming

In Equilibzium - Compremise Arca

D Resource Safeguarding

* Yneegraion of Habitar and Land Uite 1oyl umpsct o erosicn

(ETIITLEY 2hm,
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Legend o the  Stability  Chisses -

. Resource Consuming

in Equilibrium - Compromise Area

D Resource Safeguarding

* treepration of 1lsbhay and Lasd Use 10 yiel impact on sl fertibey
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Impact on Microclimate *

egend to 1he Stability Classes

. Resource Consuming

In Equilibrium - Compromise Area

D Resource Safeguarding

# Laccgration of Habitat mad 1.8 Usc 10 yekd impact o0 smicroc hmatc

c1as [XIYAICEN e
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Impact on Water Availability*

Eegend 1o “the  Stability - Classés

- Resource Consuming

In Equilibrivm - Compromise Arca

D Resouzce Safcguarding

# Leiegrancn of | Lt and L and Ui 1 yckd it o w2 3 art ufiy
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Impact on Species Diversity *

oend 10 the  Stability Classes

. Resource Consuming

In Equitibrium - Compromise Area

D Resource Safeguarding

* lotegrarion of Hatitat nod 1208 Uc 10 3 iekd impoct 00 3pecass inenats

iorw s Ve s

[TRCE I R
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“Stability ...~ Map 17.

Total Impact on Primar Production

Legend fo the Relative Impact Classes® -

® Refers to (e Tmpact of correnl Easd uws
+8 1he¢ faciors affecting primary production
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LTun

legend te the Conservation Classes

Priority | - Usique or Endaagered Hlabinan

Priorisy 1 - Habltats Requiring Speclal Managrment
{cg. to avert 25if ermlon or maiotsln squifer recharze)

Priority 3 - Common or Large Scak Habitals

¥ Inegprmion of 1abat and 1asd Use to yickd ampact on hmson

2 M 21

aw (LLE) —!
~— m—tﬂll
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Suitabili

Prime Land Us. Suitability

eeend 1o the Land Use Cla

% High Decslty Setilement

Small Molder Agrofaresiry System falley cropped
snnuafs & cash crops, windbreaks, internal & euternal
boundary planting, 1ero grared dairs catlle)

Small Holder Agroforestry System
(z1 above bul without ero graring)

Exteasise Silvopastoral Sysiem

Multiple LU'se Protectioa Forest
Emphasis: Watershed & Witdlife Prolection
Tousism & Recreation, Light & Occasionat Graring

Cooservation

¥ Based on Apgregate Policy Satisfaction
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1Tum

Management -

Ertancemet aad conscrvaion of exuting forest wards; Prkection of
segeneruion; Rehabilitation of thickets, Total dormestic prazing exclutian;
Browss and wildife habitar o < Replanting to A

£nd Trensitiora! Motz ip<cscs

Enhancement and cocscrvation of existng forest stands: Protection of
exitting regeneration; Rehabititaoa of tackess: Tout domedw grazing
exclusion; Browse and wildhfe habas eshancement, Replnting 1o

Doy Moatagne specices.

Protection of eaisting indigenout regeneeation; harvesting of
nvader thickets; Replasung 1o Afromostegne ad Transitonal
Moatagne specws: M srees forApiculiure: Emergercy graning only

Protechion of indigencus vegetation and Eeneration: Coavenicn ta
ertensive silvopasiond sysem utilining indigenons species only, ALl

siream conaveynce zofes 1o be reloresied wuh tranutieaal mastagne speciss,
Mellifcrous Uees forApicatiure; Controtled granng permitied

Protection of ind i3 vegelanon and 1t
Browse 10d waldlife habitat enhancemes 18 indiFTnOuS ApeCies:
Melbiferous trees focapiculture; Domests: grazing strxctly encloded

Protectica of ndigenous vege1ation and regeeeraion,
Browsc and wildhife habial crhancemcre slining indigeoous sgevics,
Melliferous wrees forApoulivr, Emergency domesiac granng only

Comsmenal fuel and fodder orchard; 200 meser urip o6 the
trussde of the foress bowndary

Viits o the Sanl older Faming Arcas

Conrersion lo Agroforestry ereppeng systems; Water banesung.
Methferous wrees focApicultare, Extcntn g sheterbe

Roadway drainage rehabiditanion and plasting as indwazed
Funhes subdivision of Land prodibued

Coavenion 18 Agrolieesiny cropping 1ystems; W
Melhiferoos trees focApeulu e Extensi e sheltzehels ol
Hoadway planting &s indxated; Further subdivision of b

Linies ob the Lage Halder Runching Areas

Echancement of 111 0pas107al 1y siem with brevs se © pasters

rehabilianon, fuel and charcaaling tree specses. Melliferous teecs for
Apiculivre. Enclosed fodder orthards. Indipenous specics whese poss:
Waser hanvesting: Aanual croppeng discounged

Establidument of silvopastoral syzem using 1ndigenous speacs where
possible; Wazer harvesting

Sentement developmesd prolibured 0a Nitosolic of Luvisalic Sods;
High Sensity Bnear developament on Npong Road: specnal projects
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Appendix 4 Sample Date Base Primt Out
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