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1.11 The Problem 

CHAPTERR 1 
INTRODUCTION N 

Aridd and semi-arid areas in Kenya, and the world at large, are experiencing a rapid increase 

inn both occupation and intensity of use by Man. Activities such as sedentary agriculture, 

intensivee grazing, wood harvesting and to a certain extent urbanization, which earlier were 

concentratedd in high potential areas are now taking place in these ecologically fragile 

ecosystemss i.e. ecosystems with limited capacity to tolerate or recover from disturbance 

oncee it has occurred. 

Thee Lake Baringo area in Kenya is a typical example where this phenomenon is 

takingg place. Sedentary agriculture, for example, is progressively encroaching into the semi-

aridd area around Lake Baringo and the number of permanent homes and farms in this area 

whichh was predominantly occupied by pastoral communities, seems to increase. 

Homesteadss enclosed by newly grown hedges become increasingly newer as you move 

northwardss from the neighbouring Nakuru district (Figure 1), indications that people are 

settlingg in the area. This fact is supported by data from the Baringo district development 

planss (Kenya, 1980; 1994; and 1997), which indicate that both the number of households 

andd the area under cultivation in the district have increased from 42,724 and 14,175 Ha in 

19799 to 84.625 and 32,334 Ha in 1995. respectively. The clearance of natural vegetation to 

createe cropland and homesteads is also accompanied by loss of some tree species due to 

selectivee harvesting for wood fuels, timber and poles for house construction and other uses. 

Signss of environmental degradation such as soil erosion features, absence of or declining 

vegetationn cover and presence of tree stumps are also visible. A casual survey of the area 

revealss that the southern parts of the study area have been converted into patches of natural 

vegetationn within matrices of human-dominated land uses while in the northern parts, 

patchess of human land use activities are slowly appearing within matrices of natural land 

coverr types. While these changes are readily recognised, accurate information on the nature 

off  these changes, their impacts on the quality of the environment, the driving forces behind 

themm and the processes involved is lacking for this area, like for most areas in the country. 
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Usingg satellite remote sensing and geographic information systems (GIS), land cover data 

cann be regularly acquired and processed to provide accurate and up-to-date information on 

landscapee change patterns for large areas. This empirical data combined with proper spatial 

modelss can give us insight into the landscape change processes, which will improve our 

abilityy to plan and manage semi-arid landscapes. This research was initiated with the goal of 

understandingg the dynamics of landscape change in a semi-arid environment using the 

abovee described approach, i.e. remote sensing and GIS technologies. The Lake Baringo area 

inn Kenya, is used as an example (for location see Figure I). To achieve this goal, the study 

addressess the following specific questions: 

(a)) Which is the most accurate classification method for delineating land cover details in an 

agriculturall  landscape within a semi arid area? 

(b)) What land cover changes have taken place in the Lake Baringo area and how have they 

affectedd the landscape? 

(c)) Which are the most important biophysical and socio-economic factors that influence 

landscapee change patterns in the study area? 

(d)) Can future land cover patterns in the study area be predicted from biophysical 

characteristicss and socio-economic trends? 

(e)) How well are the land use types in the area placed in terms of land use conflicts 

avoidance? ? 

Inn this study, the term land cover shall be used in its broadest sense which encompasses all 

typess of natural vegetation and land-use practices (Di Gregorio and Jansen. 2000). Natural 

vegetationn is considered as all naturally growing plant cover and planted forests. Crop plants 

(includingg plantations), human settlements, transportation networks, animal production 

systemss and mining activities are land use types. 

1.22 The Study Area 

Thee study area is located in the greater Baringo District (presently Baringo and Koibatek 

districts)) in the Rift Valley Province of Kenya. It is bounded by latitudes 0° and 0° 45' 

Northh and longitudes 35°45' and 36° 15' E covering an area of approximately 4.500 km2 

off  which about 165 km2 is water (Figure 1.1). 
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Fiuurcc 1.1 Location of studv area 

Baringoo District is quite heterogeneous in terms of topography, soils, vegetation and 

climaticc conditions, creating a highly diverse landscape with varying potentials for different 

landd use activities. The biophysical and socio-economic characteristics of the study area are 

discussedd below. 
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1.2.11 Biophysical Characteristics 

Thee biophysical characteristics of an area comprise of its geology, geomorphologic 

features,, drainage, soils, vegetation and climate. In this section a brief description of 

thesee features in the study area is provided. 

Geomorphotogy,Geomorphotogy, topography, geology and soils 

Baringoo District lies in the eastern (Gregory) arm of the African Rift Valley (see inset 

Figuree 1.2). Most of the study area is in the floor of this rift valley system, bounded by 

Lakee Baringo to the North and Lake Bogoria to the South. The eastern and western 

boundariess are marked by the Laikipia escarpment and the Tugen hills respectively, 

whichh rise from altitudes of 1000 m to over 2500 m a.s.l passing through a heavily 

dissectedd basalt plateau. 

Thee study area can be divided into four distinct topographic regions namely the 

plains,, the plateau, the foothills and the hills. The hills to the west consist of a horst, 

boundedd by the Saimo fault to the east and the Kerio valley to the west. These hills are 

characterisedd by steep heavily dissected slopes with soils developed in old (Pliocene) 

volcanicc rocks. Due to the prevailing steep and long slopes, the soils are mostly shallow 

andd stony. The eastern boundary of the study area is part of the Laikipia escarpment, 

whichh also falls steeply from an altitude of about 2000 m to 975 m at the plains 

surroundingg Lake Baringo. From the top of the Tugen hills the surface drops steeply 

throughh a foothill zone of complex topography created by volcanic activities and 

subsequentt erosion. In these foothills, which form a narrow north-south corridor, severely 

erodedd soils occur that are developed in largely unconsolidated and highly erodible 

materials.. The major part of the study area belongs to the plateau, which has been broken 

andd tilted by faulting in recent geologic times. Within this plateau, rocky cliffs alternate 

withh gently undulating hills and terraces, covered with shallow and stony clay loam soils. 

Bothh the plateau and the foothills have been deeply incised by several major rivers from 

thee Pliocene onwards. The foothills and the plateau consist of volcanic rocks mainly 

basalts,, trachytes, phonolites. pumices and tuffs, inter-bedded with sedimentary units of 

fluviall  or lacustrine origin (Chapman et al, 1978). 
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155 km 

Fiaurcc 1.2 Physical characteristics of the studv area 

Geologicall  erosion, active in the area since the beginning of the crustal movements, has 

detachedd large quantities of material from the flanks of the rift valley. These sediments 

formm the Piedmont plains, which together with the alluvial plains formed by sediments 

fromm the rivers that dissect the steep slopes, form the plains known as the Njemps Flats. 

Thesee plains form a narrow zone of fluvio-lacustrine deposits that envelope Lake Baringo 

andd extend southwards to Lake Bogoria. The soils in these plains are mostly well-
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drained,, deep, friable silty loams or heavy cracking clays, with potentials for irrigated 

agriculturee (Herlocker el ai, 1994). 

Drainage Drainage 

Thee study area is a closed basin with two large shallow water bodies: Lake Baringo and 

Lakee Bogoria. Although Lake Baringo is a freshwater lake, its salt content is very high 

since,, like the rest of the rift valley lakes, it has no outlet. Several rivers, most of them 

seasonal,, drain into these lakes. The Perkerra and Molo rivers, which originate from the 

mountainss in the southeast, are the important perennial rivers draining into Lake Baringo, 

thee larger of the two water bodies. River Wesseges. originating from the Laikipia 

escarpment,, is the only important river that drains into Lake Bogoria. 

Climate Climate 

Thee area has a semi-arid climate with a tri-modal rainfall pattern, rains occurring in the 

periodss March-May, June-September and October-December (Jaetzold and Schmidt, 1984) 

ass shown in Figure 1.3a. Being in the hinterland and shielded from the oceanic influence by 

surroundingg plateaus and hills, the rainfall patterns in the area are mainly controlled by 

topography.. Long-term annual rainfall ranges from about 650 mm on the Njemps Flats to 

overr 1300 mm at Kabarnet near the summit of the Tugen Hills (Bryan. 1994) as illustrated 

inn Figure 1.3b. However, most of this moisture is lost through evapo-transpiration due to the 

highh annual temperatures. The evapo-transpiration potential in the lowlands is very high. 

<200 mm per month throughout the year {Sutherland et al., 1991). 

Vegetation Vegetation 

AA series of vegetation types can be identified along the ecological gradient from the 

lowlandss to the highlands. Besides high species diversity, there are significant intra-species 

variationss in physiognomic characteristics along this elevation gradient. 
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Thee lowlands are characterised by thombush savannah with Acacia lortilis, A. seyal and 

scatteredd Balanites aegypiica trees. Patches of less woody Acacia reficiens and A. nubica 

dominatee some areas. The trees on these plains are partly fed by ground water and thus not 

veryy sensitive to seasonal rainfall. However, the undergrowth vegetation, consisting of 

mixedd grasses and forbs, is extremely sensitive to the availability of soil water and thus 

changess from a complete cover to virtually bare surface over the seasons. The grasses are 

mostlyy annuals such as Eragrostis spp., with patches of perennial grasses such as Cynodon 

dactylondactylon and Echiochloa haplocada found in marsh areas around the lake, which provide 

dryy season grazing grounds. The dominant forbs include Trianihema triquetra, 

HelioiropiumHelioiropium spp., Portulaca okcea and Tribulus terrestris (Bryan. 1994). The vegetation 

abovee the plains consist of a mixture of woody acacias (Acacia Mellifera. A.Nilotic, 

A.A. Gerradi. etc.) and other woody plants including Balanites Aegypdca, Boscia Angustifolia, 

whichh form the main vegetation layer. The under-storey vegetation consists of annual forbs 

suchh as Acatipha Jruticosa and perennial shrubs including Craton Dichogamus, Dodoma 

ViscosaViscosa and Psidia Arabica. 

Thee plateaus and the lower foothills are dominated by a wider variety of larger 

woodyy plant species including Combretum Spp.. Albizia Spp.. Zizyphus with an under-storey 

vegetationn of perennial shrubs and grasses. In some cases, the main vegetation layer consists 

off  moderately dense to dense perennial shrubs such as Tarchonanthus Camphoratus. 

LantanaLantana Camara. Rhus Natalensis interspersed with various acacia species. Vegetation 

densitiess vary widely from sparse to dense reflecting differences in edaphic conditions and 

anthropogenicc disturbances. At the top of the Tugen Hills and the upper foothills, the natural 

vegetationn is dominated by montane forest stands mostly of Juniperus procera. 

TrichocladusTrichocladus ellipticus and Olea spp. However, in settled areas, most of this vegetation has 

beenn cleared and exotic species are present. 

1.2.22 Socio-economic Characteristics 

Thee heterogeneous landscape supports a diverse socio-economic environment 

characterisedd by variations in both demographic and land use activities as described 

below. . 
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Population Population 

Inn 1969. the population of the district was 161,741 persons, which increased to 203,792 

byy 1979. By 1989 the population had increased to 289,686, indicating an increase in 

annuall  growth rate from 2,3 to 3.5 between the two census periods. According to the 

latestt census report there are 403,141 persons in the area, implying a current growth rate 

off  3.3 people per annum. This growth is still higher than the current national average of 

2.55 people per annum. 

LandLand Use Activities 

Thee main land use activity in the northern half of the study area (above latitude 0°36' N) 

iss livestock rearing. Most of the land in this area, apart from the irrigation schemes 

aroundd Marigat, is owned communally. Scattered homesteads and individually owned 

subsistencee farms, can also be noticed in the area. In contrast, subsistence farms, planted 

withh maize, beans, sorghum and groundnuts, dominate the southern part. Most of the 

landd in this part has been adjudicated and is privately owned. Sisal plantations are found 

inn the south-eastern part of the study area, particularly within the boundaries of the 

neighbouringg Nakuru and Laikipia districts. Bee keeping and charcoal burning are also 

significantt socio-economic activities within the study area. Several sub-urban centres 

havee developed along the permanent roads i.e. the Mogotio-Loruk. Marigat-Kabarnet and 

Kabarnet-Eldamaa Ravine roads (Figure I.I). These centres, mostly consisting of 5 to 20 

buildings,, provide commercial and administrative services at different levels. Educational 

andd health facilities have also been developed throughout the area. 

1.33 Previous Studies in the Area 

Severall  land cover related studies have been carried out in the Baringo area since the 

1930s.. Herlocker et al, 1994 describe a number of small- and large-scale vegetation 

mapss of the area made by several people between 1940 and 1987. More recently, the 

Rangee Management Handbook Project (Herlocker ei at., 1994) produced a vegetation 

mapp of Baringo district together with a map classifying range conditions. These maps 

havee three important limitations. First they concentrate on only one aspect of land cover 
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i.e.. vegetation. Land cover denotes the physical and biotic characteristics of the land-

surfacee resulting from natural or human-induced processes (Di Gregorio and Jansen. 2000). 

whichh include vegetation, water, rock outcrops, bare soil surfaces and all features created by 

humann beings. Second, the scales of these maps do not allow them to adequately depict the 

complexityy of land cover conditions of an area experiencing rapid human colonization. 

Finally,, being in analog formats, the outputs from these surveys cannot be easily and thus 

regularlyy updated to depict land cover changes, making them inadequate tools for planning 

andd management. 

Thee soils of Baringo have also been mapped several times. The United States 

Departmentt of Agriculture carried out a reconnaissance soil survey of the Lake Baringo-

Kerioo Valley area (USDA. 1978). Besides a detailed description of the soil characteristics 

thiss study included a survey of the extent of cultivation using a three level classification 

systemm i.e. > 50% cultivated, 25-50% and < 10%). It also made an attempt to classify the 

areaa into ecological zones based on climate and vegetation characteristics. Furthermore, a 

nation-widee 1: 1.000,000 soil and agro-climatic map was produced by Sombroek et al.. 

(1982),, that recently became available in digital format (KENSOTER) as part of the 

SOTERR database. Jaetzold and Schimdt (1984) produced a more detailed ecological 

zoning,, published in the Farm Management Handbook. In this book, the entire Baringo 

districtt was mapped into agro-ecological zones showing the potential productivity of 

differentt land use types in each zone. Touber (1989) produced a 1:500,000 soil and 

landformm map for Baringo based on visual interpretation of satellite imagery. Another 

significantt land cover related survey conducted in the area was the pilot study to test the 

FAO/UNEPP methodology for assessing desertification (Ottichilo et al.. 1991). This 

projectt used a geographic information system (GIS) with data from field surveys and 

remotee sensing to develop models for assessing water and wind erosion, range carrying 

capacityy and vegetation degradation. Lastly. Bryan and his colleagues (Bryan. 1994) 

carriedd out a series of studies on degradation in the area. 

Nationn wide efforts to inventorize and map natural resources availability and 

resourcee potential have been initiated by the Department of Resource Surveys and Remote 

Sensing,, formerly Kenya Rangeland Ecological Monitoring Unit (KREMU). This 

Departmentt developed a method for collecting land-use and land-cover data using remote 
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sensingg techniques (Agatsiva and Mwendwa, 1982). The project which attempted to carry 

outt district land-use surveys to facilitate economic planning at the district level, used aerial 

photographss as the main data source (Epp et ai, 1983). Due to the irregularity of aerial 

coverage,, the time and financial costs of manual aerial photograph interpretation, this 

methodd is unlikely to meet the demands of effective land-use planning and environmental 

management,, particularly in rapidly changing areas. Furthermore, the products of the 

surveyss by KREMU lacked the spatial element since they portrayed land-use information 

inn the form of area statistics only. 

Whilee the studies reviewed above deal with various aspects of land cover, there is 

nonee that has attempted to produce a complete land cover map of the area. 

1.44 Organisation of the thesis 

Thee thesis is organised in eight chapters. The first chapter introduces the problem and the 

studyy area. Chapter 2 provides a conceptual discussion of landscape dynamics and identifies 

thee relevant data to be used in the study. In Chapter 3. a method of image classification is 

developedd and its accuracy compared to that of existing classification methods. The 

developedd method is applied in Chapter 4 to map land cover changes and assess the impact 

off  these changes on the landscape quality. A follow-up of the land cover change pattern is 

carriedd out in Chapter 5. which seeks to isolate the important biophysical and socio-

economicc drivers of land use changes. This matter is pursued further in Chapter 6, which 

attemptss to model the change process by combining the identified biophysical and socio-

economicc drivers of change. Chapter 7 presents a GIS based decision support system (DSS) 

forr land use conflict resolution. In this chapter, an optimal land use allocation produced by 

thee DSS is compared to the land use patterns obtained through satellite image classification 

too determine the rationality of the present land use allocation. Finally, in Chapter 8 a 

synthesiss of the research findings is presented. 
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