
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Landscape change dynamics in a semi-arid part of Baringo District, Kenya,
based on Landsat-TM-Data and GIS analysis

Mwasi, B.

Publication date
2004

Link to publication

Citation for published version (APA):
Mwasi, B. (2004). Landscape change dynamics in a semi-arid part of Baringo District, Kenya,
based on Landsat-TM-Data and GIS analysis. [, Universiteit van Amsterdam]. UvA.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/landscape-change-dynamics-in-a-semiarid-part-of-baringo-district-kenya-based-on-landsattmdata-and-gis-analysis(cd88e61e-dcef-477f-8cb0-34d1538392fc).html


CHAPTERR 2 

ANALYSI SS OF LANDSCAPE DYNAMIC S 
2.11 Introductio n 

Thee Baringo landscape is very heterogeneous. The underlying factors to this diversity are 

climatic,, geologic and topographic characteristics, which influence natural vegetation 

characteristicss as well as socio-economic activities. Based on field observations and using 

thee classification system of Forman and Godron (1986). three major landscape types can 

bee distinguished: natural/semi-natural, cultivated and sub-urban landscapes. Within each 

off  these major landscapes internal variations exist in composition and spatial 

arrangementss of landscape elements (patches and corridors) and the uses to which they 

aree put to. Further, it is apparent that the original landscapes, which have been more or 

lesss stable, are now being altered rapidly by human induced actions. Intensive use of 

naturall  resources through cultivation, extensive tree harvesting and overgrazing, as a 

resultt of population growth and economic development is having some negative impacts 

onn the landscape. Signs of increasing land degradation and a decline in resource 

availabilityy evidence this. There is need to devise mechanisms through which degradation 

off  the natural resource base can be arrested through sustainable land use practices. 

Amongg other things, sustainable use of land resources requires accurate 

informationn on the spatial distribution and quantities of available resources. It is also 

necessaryy that changes in the quantities and qualities of these resources are regularly 

detectedd and measured. Lastly, sustainable management of resources requires knowledge 

off  the forces driving these changes and an understanding of how these forces interact to 

causee the changes. All this demands an integrated perception of the environment that 

combiness knowledge of the physical and ecological aspects of the landscape and the way 

theyy interact with economic, social and political factors (Haines-Young et ai. 1993). The 

landscapee ecological approach, which applies the concepts of landscape structure, 

functionn and change in solving resource management problems (Botequilha and Ahem. 

2000;; McGarigal, 2002), has been widely recognised as a powerful method for 

multidisciplinaryy environmental research (Milinova et al. 1993). The present research 

appliess these concepts to study the landscape change dynamics in the Lake Baringo area. 
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Thee overall goal of this study is to understand the landscape change process in the study 

areaa through a combination of satellite image interpretation supported by ground truth 

andd analysis of available socio-economic and physical data. A geographic information 

systemm shall be used as a tool for the analysis of spatial patterns and processes. Before 

embarkingg on change analysis, it is necessary to conceptualise the landscape being 

studiedd and visualise its dynamic nature. This entails identifying the relevant landscape 

attributess to be measured, the optimal scales of analysis and the appropriate classification 

schemee for presenting the findings. The aim of this chapter is to develop such a 

conceptualisation.. This is done through a synthesis of descriptive and exploratory data 

analysess of field observations and other available data to develop a set of criteria for 

definingg the functional characteristics of the study area, which are presented in the form 

off  a land cover classification scheme. 

2.22 The Landscape Ecological Approach 

AA landscape is a heterogeneous land area consisting of interacting ecosystems (Forman 

andd Godron, 1986) in which various natural and cultural processes take place (Naveh and 

Liebermann (1984), Vink, 1983; Zonneveld, 1995). Landscape studies are concerned with 

threee basic issues namely; 1) determination of the landscape structure, i.e. nature and 

spatiall  distribution of the interacting ecosystems; 2) identification of landscape functions, 

i.e.. the range of processes taking place within and among landscapes and the goods and 

servicess they provide; and 3) analysis of changes in both structure and function over time 

andd space. In this section, the concepts of structural and functional landscape 

characterisationn as tools for organising and presenting data required for studying 

landscapess are presented {sections 2.2.1 and 2.2.2). The third landscape aspect, i.e. 

landscapee change, is incorporated in the discussion of structure and function. The process 

off  developing a land cover classification scheme is discussed in section 2.2.3. 

2.2.11 Structural Landscape Characterisation 

Fromm the landscape ecological point of view, structural patterns refer to the type, number, 

size,, shape and the relative distribution of landscape elements in space. These elements 

includee agricultural and other settlements, communication and resource networks {roads 
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andd rivers), forests and other natural vegetation communities, degraded lands and 

resourcee patches such as mineral deposits or quarries. Spatial landscape patterns are 

alwayss in a dynamic state of change as a result of natural and human activities. Forman 

andd Godron (1986) identify three major mechanisms through which landscapes are 

formedd or changed: a) geomorphological processes, b) colonisation/human occupation 

and,, c) local disturbances. However, in the study area the two mechanisms responsible 

forr landscape formation can be categorised as natural biotic and abiotic processes 

operatingg outside the influence of man and those induced by human activities. 

Forr three reasons, land cover, which pertains to land use type, vegetation and 

surfacee soil properties, is the most important element when mapping landscapes. Firstly, 

landd cover is the most readily visible and measurable landscape character. Secondly, 

somee of the land cover attributes, such as vegetation, are reliable indicators of the other 

landscapee characteristics such as underlying soils and climate (Vink, 1983). Finally, land 

coverr is the most easily modified landscape characteristic. For that reason, unlike other 

landscapee characteristics, archival land cover information, if available at all, is usually 

outdatedd and hence unsuited for use in landscape analysis. Remote sensing in general, 

andd satellite remote sensing in particular, has proved to be a powerful tool for land cover 

mapping.. Multi-spectral sensors carried by satellites provide synoptic views of 

landscapess with useful information on land cover properties and their spatial distribution. 

Althoughh remotely sensed images provide tremendous amounts of information about the 

earth'ss surface, they are incapable of providing all data needed to characterise landscapes 

inn detail and in all aspects. In fact, digital image processing techniques, which have been 

widelyy used for land cover mapping, have had relatively limited success in landscape 

mappingg because they cannot be used to map spatial characteristics, sub-surface 

landscapee properties and the multi-functional nature of landscapes. Spatial land cover 

patterns,, such as shapes and sizes, have been found to reveal more information on long-

termm landscape patterns than the spectral patterns derived from remotely sensed data 

(Lambinn and Strahler. 1996). Extraction of information that is hidden from the sensors 

requiress more complex algorithms, which are much less widely available (Haines-Young, 

1992).. Combining land cover information derived from satellite images with data from 

otherr sources, such as field validation, however, can produce accurate land cover maps. 
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Landscapess can be mapped using biophysical and socio-economic data derived from 

sourcess ranging from archival data, through field surveys to real time data from satellite 

basedd sensors. Identification and delineation of landscape boundaries from these data can 

beenn done using either the parametric or the physiographic approaches (Mitchell. 1991). 

Physiographicc approaches rely on manual techniques whereby spatial attribute data are 

manuallyy combined to delineate landscape boundaries. Most of such studies end up with 

thee delineation of boundaries for different landscape elements (Haines-Young, 1992; 

Metzgerr and Muller. 1996; Blaszczynski, 1997), giving very little information on the 

processess within and interactions between the landscape elements (Lunetta et ai, 1998). 

Withh the advent of geographic information systems, the combination of landscape 

attributess can be automated and hence widened using the parametric approach. By 

combiningg data on land cover, soils, topography, climate and socio-economic 

characteristics,, it is often possible to make informed guesses about characteristics and 

processess that are hidden from the satellite sensor (Blaszczynski. 1997), which in most 

casess define the functional characteristics of a landscape. In the next section, functional 

landscapee characterisation is discussed as a starting point to the identification of the 

measurablee attributes for landscape analysis. 

2.2.22 Functional Landscape Characterisation 

Landscapess are functional entities and indeed one of the purposes of landscape mapping 

iss to understand how they function for the purpose of managing them to make them more 

productive.. De Groot (1992) identifies four major landscape functions; a) carrier 

functionss which include the landscape as a substratum for development, b) production 

functionss such as agriculture, c) information carrier function; mainly landscape's role in 

geneticc diversity conservation and, d) regulatory functions including storage of water (in 

soil,, streams or lakes) and the biogeochemical cycles. For the purpose of this study, 

whosee emphasis is on production and regulatory functions, the four functions are re-

classifiedd into socio-economic and ecological functions. 

Ecologicall  functions cover both physical and biological landscape functions. 

Physicall  landscape functions include its role as a store and medium for the flow of 
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materialss and energy. This flow takes place between and within patches and corridors in 

bothh horizontal and vertical directions. An efficiently functioning landscape from this 

perspectivee is one where the leakage of material from the landscape, particularly those 

causedd by human impact, does not exceed the levels that endanger the sustainability of 

thee system. Soil erosion and loss of vegetation are forms of material leakage from a 

landscape.. Biological functions are concerned with protection and conservation of 

biodiversity.. They include the roles of landscapes as habitats for both plants and animals 

andd a medium and stabiliser of biogeochemical cycles such as the carbon and nitrogen 

cycles.. From the socio-economic point of view, landscapes have many functions, which 

revolvee around provision of goods and services. These include its use for infrastructure 

developmentt and a source of food, fodder and fibre. Landscapes' performance in this 

casee is measured in terms of the resources and services they can provide. Functional 

sustainabilityy from this context is seen in terms of the capability of the landscape to 

supplyy adequate resources and services with minimum effort and decline in quality. 

Bothh ecological and economic landscape viewpoints accept the multi-functional 

naturee of landscapes. However, most landscape function studies tended to investigate 

landscapee from a single objective perspective (Fry, 2001). Consequently, most planning and 

managementt decisions are made on the basis a single-objective, often excluding the needs of 

otherr landscape uses. Such mono-functional approaches are incapable of incorporating the 

threee possible landscape functional interactions of competition, mutual beneficialism and 

indifference.. This is the source of most land use conflicts. A multifunctional management 

systemm should aim at eliminating conflicts by reducing competitions and increasing 

complementaritiess between landscape functions. Design and implementation of a multi-

functionall  landscape management system requires the identification of all possible 

landscapee functions and their interactions. While this is unrealistic, it is possible to identify 

keyy landscape functions on the basis of which a management system can be designed. 

Landscapee functions are depicted using land cover classes. 

2.233 Land Cover  Classification Scheme 

Inn land cover surveys it is not practical to include all the characteristics that can be 

establishedd from the visible or other properties of objects forming the land cover. The 
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firstt step in a mapping project is therefore the development of a classification scheme, i.e. 

identifyy relevant land cover attributes to be included and integrate them into appropriate 

classes.. The selected classes should be capable of distinguishing landscape types that are 

bothh structurally and functionally different. Furthermore, these classes should allow for 

thee detection of changes in land cover over time. Classification schemes can be 

developedd by either defining new classes or by adopting and modifying existing schemes 

too suit the project requirements. In either case, the final scheme should be consistent with 

classificationn schemes in use nationally and internationally to allow comparison and data 

integration.. A well-designed classification scheme is exhaustive, mutually exclusive and 

flexiblee (USDA, 1996a) and relatively independent of both scale and source (Di Gregorio 

andd Jansen, 2000). A hierarchically designed classification scheme (Zonneveld. 1995). in 

bothh structural and functional aspects, facilitates the attainment of these objectives. With 

aa hierarchical scheme, the level of classification used in analysis is determined by the 

purposee of the final output and the level of details discernable from the data used in the 

mappingg (Congalton t?f ai, 1998). 

Ass indicated earlier, the objective of this study is to map the dynamics of the Lake 

Baringoo landscape using data derived from satellite-borne sensors. The land cover classes 

shouldd be defined by attributes that are correlated to spectral responses and landscape 

functions.. Vegetation, topography and surface soil characteristics satisfy these conditions. 

Thee floristic composition of vegetation and environmental conditions such as soil colour 

andd moisture content consistently differentiate land cover categories (Justice and 

Townshend,, 1982; Kuchler and Zonneveld. 1988). The FAO Land Cover Classification 

systemm (Di Gregorio and Jansen. 2000) is an example of a hierarchical classification 

systemm that uses structural and functional attributes to define a classification scheme. 

Thiss system begins with a dichotomous classification separating vegetated (A) from non-

vegetatedd (B) areas at Level I. Each Level I class is sub-divided into terrestrial (1) and 

aquatic/regularlyy flooded (2), giving four Level II classes. A further dichotomous 

Tablee 2.1 FAO-based land cover classification scheme 

] ] 
II I 
II I I 

VEGETATED(A) ) 
TERRESTRIALL (Al ) 

Cultivated d NN al ural/Se m i -N at ural 
AQUATICC (A2) 

Cultivated d Natural l 

NON-VEGETATEDD (B) 
TERRESTRIALL (BI> 

Buitt-up p Bare e 
AQUATICC (B2) 

Man-made e Natural l 
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subdivisionn of Level II classes gives eight Level III classes as shown in Table 2.1 above. 

Fromm field data and background information, higher-level classes i.e. levels IV and 

beyondd can be defined that are recognisable from enhanced satellite imagery. 

Usingg this FAO structure, a framework from which a classification scheme 

capablee of providing the details required for studying landscape dynamics is developed as 

shownn in Figure 2.1. 

Area a 

Regionn Z 

GLF F 

FLCCC 1 FLCC 2 FLCC 3 

Figuree 2.1 Landscape hierarchies 

Att the top of this hierarchy is the entire area e.g. a country or a study area. This 

areaa is divided into major regions on the basis of altitude and landform. which are known 

too significantly influence land cover characteristics. Within each of these regions distinct 

unitss relevant to the landscape ecological concept of structure and function can be 

identified.. These units, referred here as Gea-economic Landscape Facets (GLFs), are 

areass with distinct physiographic, biological and economic characteristics and whose 

functionss can be defined. GLFs are three-dimensional units that completely cover the 

earth'ss surface without overlapping or leaving gaps. The GLFs can be broken into land 

covercover types (LCTs) made up of distinct functional land cover classes (FLCCs). The 

FLCCss are discriminated by measurable attributes such as vegetation species, density, etc 

orr specific land use type and spatial characteristics such as shape, size and location. 

Regionn A 

(JLF1 1 



Thiss framework is designed to capture the fine-scale land cover changes arising from 

humann impacts. Considering the small size of most land use activities and the high 

variabilityy in terms of both type and within-type composition, it is necessary to map them 

att the lowest level possible, to avoid any loss of information through class aggregation. 

233 Methodology of this study 

Usingg the framework developed in section 2.2.3 and information from reconnaissance 

surveyy the study area is divided into three regions namely: uplands, plateaus and the 

lowlands.. Five geo-economic landscape facets (GLFs) are identified within these regions. 

Thesee are: water surfaces, wetlands, forests, rangelands and man-made surfaces. These 

GLFss will be broken into several land cover types (LCTs) using field data. From a 

combinedd analysis of field and other data, these land cover classes are split further into 

distinctt functional land cover classes (FLCCs) using measurable attributes. These FLCCs 

aree summarised in the form of a classification scheme to be used in the study. The details 

off  these processes are described in this section. 

2.3.11 Data Acquisition 

Thee physical, biological and socio-economic data required for studying landscape 

dynamicss in the study area are obtained from three main sources namely: satellite 

imagery,, primary land cover data and secondary data on selected biophysical and socio-

economicc landscape characteristics. Table 2.2 gives a summary of these data sets and 

theirr sources. The details of how each of these data were obtained are described in this 

sectionn together with the stages of pre-processing and automation required before the data 

cann be used in the various analyses. 

Tablee 2.2 Data and their sources 

Dataa Type Source 
EOSAT T 
Fieldd Survey 
1:50,0000 Director of Surveys. Kenya 
1:250.0000 RMH (Herlocker ttf a/., 1994) 
Publishedd Documents 
GRIDD Database from UNEP and Griffiths (1995) 
1:500,0000 (Touber. 1989). 1:1 M(KENSOTER) 

Secondaryy Kenya Meteorological Department 

Satellitee Imagery 
Landd Cover 
Topographic c 
Potentiall  Vegetation 
Socio-economic c 
Longg Term Rainfall 
Soils s 
Shortt Term Rainfall 

Primary y 
Primary y 
Secondary y 
Secondary y 
Secondary y 
Secondary y 
Secondary y 
Secondary y 
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SatelliteSatellite Data 

Satellitee imagery is the main data source for this study. Digital Landsat-TM images 

coveringg the study area and purchased from EOSAT were transformed into seven-band 

imagess using ENVI image processing software in two stages. The raw image data were 

convertedd into images by supplying the relevant image dimensions (number of rows and 

columns,, pixel size and geographic location) extracted from the header files. Next, these 

imagess were geo-referenced i.e. the image coordinates were transformed into correct map 

coordinates,, which were then projected to the Universal Transverse Mercator (UTM) co-

ordinatee system. 

PrimaryPrimary Land Cover Data 

AA field survey was conducted to collect primary data on land cover characteristics. These 

dataa are required for four purposes: a) for developing a classification scheme, b) as 

groundd truth data for image classification, c) for assessment of the image classification 

accuracyy and d) for environmental gradient analysis. The primary data collected consisted 

off  natural vegetation characteristics, man-made land cover attributes and selected soil 

surfacee characteristics. Since the field data were mainly required for image classification 

purposess it was appropriate to use the image as the basis for selecting the field sites. The 

19955 image, which was the most recent, was used for this purpose. The geo-referenced 

imagee was imported into [DRISI where false colour composites were created using 

differentt band combinations such as red, green and blue (RBG) to obtain an overview of 

thee study area. The combination of TM band 4, TM band 5 and TM band 3 with 2.5% 

linearr saturation stretch (Figure 2.4) was preferred to all other combinations for two 

reasons.. Firstly, owing to the high inter-band correlations (Table 2.3). using bands 3 and 

44 and 5 takes care of most of the information carried by all the six reflective bands (note 

thee high correlation between bands 1.2.3 and bands 5.7). Secondly, the 4.5.3 combination 

producess an image dominated by green and yellow hues to which the human eye is more 

sensitivee (Richards. 1993) and hence more information can be visually derived. 
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Tablee 2.3 Correlation matrix 

Bandd 1 Band2 Band3 Band4 Band5 Bandó Band7 

Band! ! 

Band2 2 

Band3 3 

Band4 Band4 

Band5 5 

Band6 6 

Band7 7 

1.0000 0 

0.9289 9 

0.8936 6 

0.2593 3 

0.1334 4 

0.3189 9 

0.2379 9 

1.0000 0 

0.9652 2 

0.3426 6 

0.0686 6 

0.1691 1 

0.1679 9 

1.0000 0 

0.3370 0 

0.1660 0 

0.2646 6 

0.2938 8 

1.0000 0 

0.6202 2 

0.1258 8 

0.4701 1 

1.0000 0 

0.60O4 4 

0.9380 0 

1.0000 0 

0.7495 5 1.0000 0 

Usingg this composite image, several field sites were selected from the entire study 

areaa on the basis of variations in spectral characteristics, spatial characteristics 

(shape/size/location)) and background information such as knowledge of existence of sub-

urbann settlements or other land use types obtained from ancillary sources. Efforts were 

madee to ensure that there was a balance between sites from each of the three major 

landscapee types, i.e. natural/semi-natural, cultivated and semi-urban settlements. Co-

ordinatess for these sites were extracted from the digital image. Additional sites for known 

features,, which were not readily recognisable in the image, were also identified and their 

co-ordinatess extracted from the 1:50,000 topographic maps. These coordinates were then 

transformedd into geographic co-ordinates in degrees, minutes and seconds (DMS) for use 

withh a global positioning system (GPS) in the field. 

Withh the aid of a GPS selected field sites were visited and primary data collected. 

Accessibilityy and security determined the choice of the sites visited. In total 200 sites, 

consistingg of natural/semi-natural, cultivated and sub-urban settlements were visited. For 

natural/semi-naturall  sites, quadrates measuring 100 by 100 metres were marked out on 

thee ground as shown in Figure 2.2. The spatial distribution of the field sites is shown in 

Appendixx 1. The field survey was carried out in the period between August 1997 and 

Decemberr 2000. . 
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Figuree 2.2 A sample of vegatalion quadrat 

Thee point-centred-quarter (PCQ) method (Cottam and Curtis. 1956) was used to 

systematicallyy select the sampling points within the quadrate as follows: On one of the 

quadratee sides, four points were marked at 20 metres interval. At each of these points a 

perpendicularr line to this quadrate side was set out from which four quarter centres were 

markedd at 20 meter intervals (Pi, P2... P! 6 in Figure 2.2). At each of these 16 points, four 

quarterss were identified by placing two ranging rods at right angles. The nearest tree to 

thee quarter centre in each quarter (t,) was selected for measurement. Each tree was 

identifiedd at species level and its distance to the quarter centre (Pn-t,) measured. The 

crownn breadth, width and height of each of these trees were also measured. 

Forr agricultural land cover types, the specific crops grown were identified in the 

field.field. Crop residues and where possible, historical information was used to identify other 

cropss (not present in the field) usually grown on the farms. For the sub-urban land cover 

typee information on type of settlement i.e. institutional or sub-urban centre, the number of 

buildingss and services offered e.«. commercial, administrative or health was recorded. 
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Soill  samples were collected from both agricultural and natural semi/natural ground truth 

sites.. For each soil sample site a brief topographic description was made together with a 

descriptionn of some physical soil characteristics before a soil sample was collected for 

chemicall  analysis. 

SecondarySecondary Data 

Secondaryy data came from three sources namely: government publications, published maps 

andd digital databases. Spatial secondary data in analog form were digitised using 

ARC/INFOO software and the resulting maps exported to IDRISI. the main analysis software. 

a)a) Soil Data 

Ann analog soil classification map at a scale of 1:500.000 compiled by Touber (1989) exists 

togetherr with a detailed legend. This map was digitised and a database was created 

containingg the variables shown in Table 2.4. A digital soil map for the study area was also 

obtainedd from the KENSOTER database through Kenya Soil Survey from which additional 

soill  attributes were extracted. A map for each of the attributes in Table 2.4 was created. 

Tablee 2.4 Soils database variable list 

Attributee Description 
1.. Landform Topographic descriptions 
2.. Soil Fertility Qualitative description in 5 classes (low to high) 
3.. Soil Depth Qualitative description from very shallow to very deep 
4.. Soil Salinity On the basis of salinity and sodicity 
5.. Soil Texture Description on the basis of clay, loam and sand content 
6.. Soil Surface Condition Description using the size and abundance of surface stones 
7.. Soil pH Measured pH values 

b)b) Terrain Data 

Thee study area is covered by six 1:50.000 topographic maps, with contours at 20 metre 

intervals.. Since it was not practical to digitise all these contours only the primary 

contourss (100m intervals) were digitised. These were then interpolated to a 10-metre 

intervall  using the TOPOGRID from the GRID Module of ARC/INFO. Digitised rivers 

weree used to direct the interpolations. The interpolated contours were exported to IDRISI 

andd a digital elevation model (DEM) created from elevation data using the IDRISI 

SURFACE.. Slope and aspect images were extracted from this elevation image. 
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Too examine the reliability of the topographic surface derived from the interpolated data 

alll  contours from small sections representing steep and gentle sloping areas were 

extractedd from the topographic maps. Slopes derived from these "map" contours were 

comparedd to those of the same sections derived from interpolated contours. The results of 

thesee comparisons are presented in Figure 2.3. 

Steepslopes s 

real l 

interpol. . 

interpol,, cum r 6000 

reall cum 

12000 0 

10000 0 

8000 0 

40000 3 

2000 0 

Slopee class (degrees) 

Gent ies lopes s 

interpol l 

l l 

reall cum 

interpoll cum 

40000 0 

35000 0 
m m 

300000 5. 
"o o 

250000 5 
-Q Q 

200000 = 
m m 

150000 I to to 

100000 I 
o o 

5000 0 

TT r- o r-~~ o co to 
e>> T T T 

Slopee class (degrees) 

Figuree 2.3 Comparisons of slopes from digitized and interpolated contours 
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Althoughh there are some discrepancies in the slope values, these were not large 

particularlyy for the steep surfaces. In general, the interpolated contours tended to have 

steeperr slopes than the real contours. However, for the cumulative surfaces the slopes 

fromfrom real contours appear to be steeper. The general slope directions and trends from the 

reall  and interpolated contours are consistent. The interpolated contours were therefore 

takenn as correct representations of the topographic surface. 

c)c) Roads 

Alll  roads in the study area were digitised from 1:50,000 topographic maps. Information 

fromm development plans was then used to identify 3 classes of roads, i.e. tarred, gravel 

andd earth, in 1984. 1989 and 1995. 

d)d) Sub-urban Centres 

Thee number of administrative units in the district has changed from 3 divisions in 1979. 9 

inn 1989 to 18 in 1995. Similarly, new market and institutional centres have been 

developed.. The administrative centres and the names of the other main sub-urban centres 

weree identified from the district development plans and their co-ordinates extracted from 

thee 1:50,000 topographic maps. Point maps were created to represent the distribution of 

thesee centres in the image years 1984. 1989 and 1995. 

e)e) Rivers 

AA river coverage map was digitised from the 1:50.000 topographic maps. The rivers were 

codedd into two classes, ephemeral and perennial. Only perennial rivers were used for 

analysis.. The ephemeral rivers were only used in the interpolation of contours. 

J)J) Vegetation 

Thee vegetation of the study area has been mapped recently at a scale of 1:500.000 

(Herlocker.. 1994). According to this map within the study area 10 major vegetation types 

occur,, which form 13 distinct species associations as shown by Table 2.5. A digital map 

showingg these classes was created. 



Tablee 2.5 Vegetation classes according to Herlocker (1994) 

Codee Vegetation Type Major Species 
II  Evergreen forests Various, 'mduding Juniperusprocera, Trichocladus 

eliipticuseliipticus and Olea spp 
3.11 Evergreen wooded grassland Cynodon-Balanites 
5.11 Semi-deciduous woodland Acacia torlilis 
6.11 Semi-deciduous wooded grassland Miscellaneous forbs-Acacia tortttis-Terminalia 

12.22 Evergreen and semi-deciduous bushland Dodonea-Croton 
12/13.11 Combination of 12 and 13 Tarconanthm/Acacia gerrardi 

13.11 Deciduous and semi-deciduous bushland Acacia brevispica-Acacia tortiiis 
t3-22 " Acacia gerrardi-Acacia nilotica-Croton 
13.33 " Combretum-Terminalia-Albizia 

14.177 Deciduous bushland Acacia mellifera-Acacia nilotica-Acacia reficiens 
20.133 Deciduous shrubland Acacia mellifera-Acacia nilotica-Acacia Senegal 
21.55 Deciduous shrub grassland Cynodon-Tetrapogon-Acacia nubica 
29.11 Seasonally flooded grassland swamp CynodonfPapyrus 

g)g) Rainfall 

Threee rainfall data sets were available for the study. The first consisted of long-term 

(betweenn 12 and 40 years) average monthly and annual rainfall data for nineteen weather 

stationss in Baringo district extracted from the UNEP GRID. The second data set was 

monthlyy rainfall totals for the same stations for the three months preceding the 

acquisitionn of the three satellite images in 1984, 1989 and 1995. These data were 

obtainedd from the Department of Meteorology, Kenya, The final data set was an isohyets 

mapp showing average long-term annual rainfall in the district (Griffiths. 1995). This was 

digitisedd and converted to a surface image. 

h)h) Population 

Thee census reports for 1979. 1989 and 1999 provided population figures and densities at 

thee smallest administrative level, i.e. the sub-location. Respective digital boundaries for 

thee same administrative units were created from which images showing population 

densitiess for the three census periods were made. 

2.3.22 Data Analysis 

Explanatoryy and exploratory data analyses were carried out on the three data sets 

discussedd in the previous section. Explanatory analyses combined field observations, 

satellitee imagery and secondary data to identify the landscape features of interest i.e. 
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measurablee features that can be detected from satellite data and whose functions can be 

defined.. Exploratory data analyses were carried out to look for spatial patterns in the 

primaryy field data. These analyses were preceded by separate preliminary analyses of 

satellitee data and field data as discussed in the paragraphs that follow. 

PreliminaryPreliminary Image Analysis 

Severall  enhancements and transformations are carried on the satellite images to obtain an 

overvieww of the landscape characteristics. Specifically, these analyses will be looking for 

anyy spectral patterns and their spatial and temporal distributions. The image analysis 

proceduress used and explored are summarised in Table 2.6. 

Procedur e e 

Tablee 2.6 Image enhancement procedures 

Description n 
Falsee Colour Composites (FCC) 

Densityy slicing 

Bandd ratioing 

Vegetationn indices 
a)) Difference Vegetation Index (V!) 

Displayingg 3 band mixtures using different combinations as 
red.. green and blue 

Arbitraryy division of digital numbers for each band into several 
classess to look for patterns 

Differentt band combinations to discover any patterns after 
eliminatingg topographic and other systematic errors 

DVTT = TM4-TM3 3 

b)) Normalized Vegetation Index (NDVI) b) NUV1 -
TM4+TNÜ Ü 

c)) Soil Adjusted Vegetation Index (SAVI) c) 
SAV]1 1 

TM4-TM3 3 
l l - L l l 

TM4+TM3+L L 

Principall  Component Analysis (PCA) a) Six components from non-thermal bands 

b)) Two components from TM3 and TM4 
Tasselledd Cap Transformation (TCT) a) Brightness index 

b)) Greenness index 

c)) Wetness index 
'Correctionn Factor 0<L>1 a value of 0.5 is used to account for both low and high vegetation (Huete. 1988) 
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PreliminaryPreliminary Analysis of Primary Field Data 

Thee primary field data comprise natural vegetation, soil characteristics and land use data. 

Vegetationn measurements from the field survey are used to estimate species frequencies, 

percentagee cover, densities and average tree height for each species in each quadrate as 

explainedd by Cottam and Curtis (1956). The importance value index (IVI) , which 

combiness density, frequency and percent cover for each species is also computed. These 

valuess are then converted to three quadrate summaries showing total vegetation cover 

percentage,, species diversity and average tree height for each quadrate (Appendix 2). 

Primaryy soil data consist of qualitative descriptions of soil surface conditions and 

soill  samples from all the natural/semi -natural and cultivated sites. Laboratory analyses 

weree carried out on these soil samples to determine pFL CEC, organic matter and 

nitrogen,, and extractable phosphorus and potassium (NPK.) contents for each quadrate. 

Thesee analyses were done with a mixture of two soil samples obtained within each of the 

farmedd and natural vegetation sites using the standard procedures for extraction and 

analysiss described in the DR/2000 SPECTROMETER Procedures Manual by Hach 

Company.. The results for soil analysis are presented in Appendix 4. 

Finallyy a summary of surveyed settlement areas consisting of type of settlement 

(rain-fedd farm/homestead, irrigation, sisal plantation, improved vegetation, sub-urban or 

institution),, size (acreage, crops grown, number or buildings) and specific functions was 

madee (see Appendix 3). 

ExploratoryExploratory Data Analysis 

Fieldd observations suggest that vegetation characteristics display some spatial patterns in 

termss of structure, size and species composition. To confirm these observations three 

west-to-eastt and two south-to-north transects were taken along the field sites and three 

quadratee summaries, i.e. diversity, average height and density compared along these 

transects.. The patterns of soil characteristics and distribution of settlements were 

comparedd across the three regions: uplands, plateau and lowlands. 
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Explanatoryy Data Analysis 

Thee processed images that showed the greatest amount of land cover details (spectral and 

spatiall  characteristics) were compared on pixel-by-pixel basis with the field and 

secondaryy data sets using IDRISI. Measured and/or summarised field attributes (species, 

density,, height and land use) and the corresponding class from secondary maps were 

simultaneouslyy displayed with the analysed image and compared. The purpose of this 

comparisonn was to identify relationships between field data and satellite data on the one 

handd and how the two data sets compare with existing secondary data, in terms of both 

classs and derived function. Results from these comparisons formed the basis for 

developingg the classification system. 

2.44 Results 

Thee results are presented in four parts. The first part presents results from the preliminary 

dataa analyses. These are followed by the findings of the exploratory analysis of 

vegetationn data. The third set of results pertains to the comparison of the three data sets. 

Finally,, a synthesis of all these results is presented in the form of a land cover 

classificationn scheme at the end of this section. 

2.4.11 Preliminary Analysis Results 

Resultss for preliminary analyses of satellite and field data are presented below. 

SatelliteSatellite Data 

Differentt enhancement procedures produced results that tended to emphasize some land 

coverr aspects while de-emphasizing others. These results are summarised in Table 2.7. 
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Tablee 2.7 Preliminary image analysis results 

Method d 
1.. False colour composite 

2.. Density slicing 
3.. Band ratioing 

4.. Vegetation Indices 

a)) DVI 

b)) NDVI 

c)) SAVI 

5.. PCA 
a)) Al l bands 
b)) Band 3 and 4 
6.. TCT 
a)) Brightness Index 
b)) Greenness Index 
c)) Wetness Index 

SummarySummary Results 
Separationn ofland cover classes very poor, but the GLFs could be identified 
andd most FLCC identifiable but not separable 
Differencess in biomass content clear from most bands 
Goodd separation between low and high biomass areas, relevant land cover 
typess could not be identified using TM3 and TM4 

a)) Very little information could be obtained from this image 

b)) Low and high green biomass areas separated but no fine details on land 
coverr characteristics 
c)) Similar to NDVI 
a)) Different components showed different landscape characteristics, no direct 
wayy of combining them to get a complete landscape map 
b)) Second component discriminates areas of low biomass from those of high 
biomass. . 
Differentt landscape characteristics could be identified from the three 
components s 

Overall,, the false colour composite (Figure 2.4) showed the greatest amount ofland cover 

detailss in the study area. From this image different natural vegetation categories are 

identifiable.. These range from low biomass/sparse vegetation (white to greyish) through 

moderatelyy dense to high biomass vegetation (greenish and orange). Swamps and 

forestedd areas are also clearly visible (orange to red hue). It is also possible from this 

imagee to notice variations in water quality, with the black hue representing clear water 

andd the bluish hue indicating presence of silt. Various land uses such as subsistence 

farms,, irrigation fields, sisal plantations and other cultural features including road and 

sub-urbann settlements are also discernable using a combination of spatial (shape and 

location)) and spectral characteristics. 
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Figuree 2.4 False color composite (RGB=4.5.3) of the study area 
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FieldField Data 

Examinationn of field data summaries reveals that both vegetation and soils in the study 

areaa are very heterogeneous. Spatial vegetation variations include differences in species 

composition,, size and both relative and absolute density. Soils exhibit very high local 

variationss in surface and sub-surface characteristics. Within the 100 by 100 meter 

quadrates,, soils vary widely in colour, surface condition (structure, texture and moisture 

content),, depth and degree of stoniness. In general, the soil samples analysed had low 

organicc carbon content, with those from human settlement centres (rain-fed farms and 

irrigation)) showing relatively lower values. 

Theree were noticeable patterns in the spatial distribution of man-made land cover 

types.. Sisal plantations were found in the southern part of the study area while irrigation 

fieldss were concentrated in the middle part. Two types of irrigation fields were identified 

i.e.. the formal (Perkerra and Kerio Valley Development Authority (KVDA) Irrigation 

Schemes)) and the informal. The informal irrigation fields consisted of mostly new 

irrigationn field at the northern shore of lake Bogoria along the Wesegess River and along 

Moloo River. Although rain-fed subsistence farms were scattered throughout the entire 

area,, there were distinct differences in concentration and degree of establishment. The 

southernn part of the study area, particularly the western side, had higher concentrations of 

well-establishedd farms than the northern part. There are more farms in the uplands than in 

bothh the plateau and the lowlands. Large sub-urban centres were mainly found along 

majorr roads while in the more interior parts smaller centres (one to five buildings) were 

predominant.. In most cases the large centres combined the four major services i.e. trade, 

administration,, education and health. 

2.4.22 Exploratory Data Analysis 

VegetationVegetation Data 

Figuree 2.5 shows the spatial patterns exhibited by natural vegetation along the three west 

too east and two south to north transects. 
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Thee first west-to-east transect (AB). which starts from the uplands and moves down into 

thee plains, shows an abrupt decline in diversity as one enters the lowlands. A similar 

declinee is exhibited by the average tree height. The second west to east transect (CD) 

movess from the plateau across the lowlands and back into the plateau. While there is 

relativelyy less variation in absolute diversity, i.e. the number of species, the data show 

thatt the average heights in the middle part (the lowlands) are lower. The data also show 

thatt the species assemblage in the middle part comprises mostly needle leaf acacias while 

inn the western and eastern ends, the vegetation contains some broad-leafed tree species, 

suchh as Combretum. Zizyphus and Terminallia. The third west to east transect (EF) 

movess more or less across the plateau. Along this transect, three vegetation patterns are 

noticed.. In the western side, there is moderate species diversity (mostly acacia), the 

middlee portion has the highest diversity where broad leaf species combine with acacia 

andd in the eastern end only a few acacia species are found. The two south-to-north 

transectss exhibit similar trends. The first transect (PQ) moves along the uplands and 

exhibitss little variation in diversity and average height when compared to the second 

transectt (RS). The general trend along transect RS, which moves from the plateau into the 

lowlands,, is a decline in diversity {both numbers and broad leaf/narrow leaf proportions) 

andd a general decline in average height. 

SoilSoil Data 

Noo well-defined spatial patterns were observed in both physical and chemical soil 

characteristics.. However, in general soils of the highlands and plains were found to be 

deeperr and less stony than those of the plateau. Chemical properties tended to vary with 

landd cover type, i.e. whether they are from rain-fed agricultural farms, irrigation fields or 

natural/semi-naturall  landscapes. 

HumanHuman Settlements 

Somee patterns were observed in the spatial distribution of settlements. The southern parts 

andd the highlands had higher densities of well-established farms than the northern parts 

andd the plains. The sub-urban centres along the tarred roads were generally bigger than 

thosee in the more interior areas relative to these roads. 
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2.433 Comparisons of the three Data Sets 

Inn this section, a description is given of the land cover classes identified in the field. The 

firstfirst part details the structural characteristics of the identified land cover classes in 

relationn to the satellite imagery and secondary data. In the second part, a functional 

descriptionn of these classes is presented to rationalize why each was treated as functional 

class.. The measurable attributes of the individual classes are also explained. 

StructuralStructural Characteristics 

Figuree 2.6 presents ground photographs from selected field sites depicting the spatial and 

functionall  heterogeneity of the landscape in the study area. A summary of the 

characteristicss of the land cover classes identified on the basis of the field observations is 

presentedd in Table 2.8. These classes are related to their recognition in both satellite 

imageryy and secondary data sets. The image descriptions given refer to the false colour 

compositee image (Figure 2.4). 

Additionall  information is presented in Figure 2.5. ground photographs from 

selectedd field sites depicting the spatial and functional heterogeneity of the landscape in 

thee study area. 
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FunctionalFunctional Characteristics 

Inn this section, the functional characteristics of land cover classes are described for each 

geo-economicc landscape facet together with their measurable attributes. 

a)a) Water 

Thee functional characteristics of the water GLF are determined by three factors namely: 

qualityy (fresh, salty, clear, muddy), shape (linear or area) and size. A fourth factor, nature 

(seasonall  or permanent), is more specific to the rivers only. Freshwater can be used for 

domesticc as well as agricultural purposes {irrigation and watering livestock). It is 

distinguishedd from salty water whose main function is biological, i.e. habitat for wild life. 

Owingg to scarcity of water in the study area, muddy water (MW in Figure 2.4) is used for 

thee same functions as clear water (CW). The shape of the water body is not as 

functionallyy relevant as the size. In general, the larger the water surface is the more 

functionss it has. both socio-economic and ecological. All these characteristics are 

amenablee to quantitative measurements. 

b)b) Man-made Surface 

Thee functional characteristics of man-made surfaces are very distinct and measurable 

fromm field observations. However, identifying these functional cover types from satellite 

imageryy is not as easy. Some of them can be identified on the basis of spectral 

characteristicss alone while other require a combination of spectral and spatial attributes 

suchh as shape, size and location in order to differentiate them. For example, although 

somee roads are identified on the basis of shape and location, tarred roads could not be 

distinguishedd from earth/gravel roads. Sub-urban centres are distinguished from 

homesteadss by combining size and relative location, i.e. closeness to roads or prior 

knowledge.. Irrigation plots (I in Figure 2.4) are clearly distinct from the surrounding land 

coverr on the basis of shape rather than from spectral characteristics. Sisal plantations (S) 

aree spectrally similar to forests and are separated from this class using shape and location. 

Densee rain-fed agricultural settlements with well-established hedges are also easily 

identifiedd (AS). However, it is much more difficult to identify them where they occur in 

loww densities, particularly where they are not surrounded by well established hedges. The 
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improvedd vegetation class was found to be very problematic to map. In the southern parts 

off  the image, the improved pastures are difficult to distinguish from farms while in the 

northernn parts, the regeneration plots varied widely in spectral properties from very high 

too very low biomass. 

c)c) Rangelands 

Fieldd observations reveal that the rangelands are very heterogeneous, consisting of 

severall  distinct vegetation communities that are separated by fuzzy boundaries, the 

ecotones.. These vegetation communities were grouped into classes on the basis of three 

measurablee factors namely species composition, physiognomic characteristics (size and 

form)) and undergrowth vegetation conditions (type and seasonality - annual or 

perennial).. To a large extent a combination of these measurable factors and soil 

characteristicss determines the type of functions a landscape can perform. For example, 

treee species and their sizes determine whether they can be used for construction, charcoal, 

firewoodd or fodder. Similarly, the suitability for grazing of areas with similar vegetation 

compositionn will vary significantly depending on the degree of stoniness. 

Itt was not possible to identify all the vegetation classes on satellite images. 

However,, some distinct trends of decreasing biomass with decreasing altitude are 

observedd from enhanced satellite images. Some of the classes identifiable in the satellite 

imagee compare well to those of the existing vegetation map (Table 2.5). The two bare 

surfacee types, rock outcrops and degraded surfaces (rills, gullies and sheet erosion 

patches)) are not easily differentiated from sparse vegetation classes (scattered trees, 

sparsee acacia and sparse mixed) in the image. This distinction, particularly between bare 

surfaces/degradedd soils and sparse vegetation, is also hard to make in the field due to 

theirr high sensitivity to weather. 

Ass is evident from Figure 2.6, the rangelands are basically the matrix in which 

patchess and corridors of different land use activities exist. Cultivated lands and 

homesteadss are visible in the plateaus and the lowlands (Figure 2.6a. b & e). Figure 2.6c 

showss some grazing lands within rangelands while in Figure 2.6h a typically setting of a 

sub-urbann centre is presented. 
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d)d) Forests 

Thee functions of the three forest (F) types i.e. natural, artificial and riparian, are largely 

similar,, the only difference being the emphasis. The emphasized function for natural 

evergreenn forests in the highlands is biological i.e. protection of biodiversity, while the 

mostt important function of riparian vegetation is physical i.e. soil erosion protection. 

Artificiall  forests are mainly planted for socio-economic purposes, which include 

extractionn of timber and other wood products. Forest classes are distinguished by 

composition,, size/shape and location. 

e)e) Wetlands 

Wetlandss (W), i.e. forest and permanent papyrus swamps have two main ecological 

functionss i.e. habitat for aquatic/semi-aquatic animals and protection of water bodies 

fromm siltation. Papyrus swamps also serve as dry season grazing grounds and traditionally 

theyy also provide roofing material for grass-thatched houses. On the ground, forested 

swampss and permanent swamps, which are both permanently flooded, are distinguished 

byy vegetation characteristics. Both types can have seasonal swamps, but in the study area 

thiss category was only found for the grass/papyrus swamps. 

2.4.44 Land Cover  Classification Scheme 

Aboutt 30 functional land cover classes are identified in the study area (Table 2.8) from field 

campaignn and secondary data. Preliminary image analysis shows that it is not possible to 

identifyy and distinguish all these classes from the satellite images. These classes are 

combinedd into 20 land cover classes as shown in Table 2.9 below, on the basis of how 

identifiablee they are, functional importance and measurability. These 20 functional classes 

constitutee the classification system. 
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Tablee 2.9 Measurable criteria for major tand cover classes in the study area 

Functionall  LCC Description n Measurablee Criteria 
(Field/Image) ) 

I.. Clear Water Naturall  & man-made clear surface water 
bodies s 

Qualitative/colourr and low SAV1 

2.. Muddy Water 
3.. Rivers 
4.. Farms/Homesteads 
5.. Sub-urban 
6.. Roads 
7.. Irrigation 
8.. Plantations 
9.. Improved 

10.. Bare/Degraded 

11.11. Sparse vegetation 

12.. Acacia Shrubs 

13.. Acacia Bush land 

14.. Acacia Woodlands 

15.. Mixed Bushes 

166 Evergreen Woodlands 

17.. Riparian Vegetation 

18.. Forests 
19.. Seasonal Swamps 
200 Permanent Swamps 

Naturall  & man-made muddy water bodies Qualitative/colour and low SAVI 
Linearr surface water features 
Rainn fed subsistence farms, homesteads. 
Sub-urbann centres and institutions 
Roads s 
Irrigatedd fields 
Sisall  plantations 
Improvedd Pasture 
Baree surfaces - eroded, sand. mud. stones 
andd rock out crops. 
Sparselyy vegetated areas without woody 
plants s 
Dominantiyy Acacia, littl e undergrowth of 
annuals s 
Dominantiyy Acacia, under-cover 
vegetationn of forbs and grasses 
Sparselyy populated trees with littl e or no 
undergrowthh vegetation 
Mixedd shrubs consisting of Dodonea 
viscose,viscose, Croton and Acacia 
Dominatedd by Tarconanlhus, Rhas natatis, 
AlbiziaAlbizia and some Acacias with under 
growthh of perennial shrubs and grasses 
Woodyy vegetation along rivers and around 
largee water bodies 
Evergreenn forests 
Seasonallyy flooded/mud swamps 
Permanentlyy flooded papyrus reeds/trees 

Shape-size/shapee and low SAVI 
Qualitative/shapee and size 
Qualitative/shapee and size 
Shape-11 ocati on/s h ape-co lour 
Locatii  on/sh ape/size 
Location/shape/size e 
Qualitative/shape e 
Qualitative/loww SAVI 

>1.6m/lowSAVI I 

Density/size/speciess (1.6-2.5m) 

Denstty/size/speciess (<5.0m) 

Density/size/speciess (>5.0m) 

Density/size/speciess (<5.0m) 

Density/size/speciess (>5.0m) 

Location/Sizee (>5.0m) 

Location/Sizee (>5.0m) 
Qualitative e 
Qualitative/presencee of water 

11 -3 = Water 4-9 = Man-made Surfaces 10-16 = Rangelands 17-18== Forests 19-20 = Wetlands 

2.55 Discussion 

Thee objectives of this chapter were to develop a classification system depicting both 

structurall  and functional landscape characteristics of the study area and to identify the 

measurablee attributes that can be used to map these classes from satellite imagery. The 

resultss show that out of the 30 distinct land cover classes found in the study area (Table 

2.8).. only 20 (Table 2.9) could be identified from Landsat-TM imagery. The specific 

classess in each of the five GLFs are discussed below in terms of how they meet the 

functionall  and measurability conditions. 
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2.5.11 Water 

Thee water class was separated into three classes: clear water, muddy water and rivers. 

Althoughh functionally the distinction between fresh water and salty water is very important, 

thiss distinction could not be made from satellite data e.g. there is no spectral difference 

betweenn water in Lake Bogoria and than in Chemeron Dam. Functionally, there is no 

significantt difference between clear water and muddy water despite there spectral 

differences.. For further image analyses it may therefore be necessary to use only two classes 

i.e.. water bodies and rivers, despite the obvious distinction between clear water and muddy 

waterr surfaces from both field observations and satellite images. 

Preliminaryy image analyses show that some known non-water areas were being 

groupedd with water due to the presence of either silt or biological activities in the large 

waterr bodies. These factors tend to reduce the separability between some terrestrial and 

aquaticc landscape features. There seems to be some confusion between muddy water such as 

thatt of Lake Baringo and land (bare surfaces and muddy areas) due to similarities in spectral 

characteristics.. Similarly, the presence of flamingos (Phoenicopterus spp) and blue algae 

(Cyanophyceae(Cyanophyceae spp) in the heavily saline Lake Bogoria and the presence of floating masses 

off  the Nile cabbage weed (Pistia Stratiotes) and other aquatic macrophytes in Lake Baringo 

createe confusion between the water bodies and high biomass areas such as wetlands and 

forests.. It may therefore be prudent to mask out water bodies to reduce the spectral 

confusionss arising from sedimentation and biological activities. 

2.5.22 Man-made Surfaces 

Outt of the nine socio-economic functions identified in the field (Table 2.8) only the six 

shownn in Table 2.9 were identifiable from satellite imagery. Although the Lake Bogoria 

Nationall  Reserve (LBNR could not be distinguished on the ground from the range land by 

physicall  characteristics, it was expected that the LBNR would distinctly show from the 

synopticc view of the satellite image as a protected area with low human disturbance. This 

wass not the case, possibly because of three reasons. First, being a semi-arid environment, 

vegetationn conditions within pristine and low human impact areas are usually not be very 

different.. Secondly, although LBNR is a protected area, it is not fenced and prohibition of 

livestockk grazing is not strictly enforced. Finally, this park is a home of both wild grazers 

50 0 



andd browsers whose impact on vegetation might be the same or even worse than that of 

livestock. . 

Thee general location of most socio-economic landscape types could be identified 

fromm a combination of spectral and spatial characteristics in enhanced satellite images. 

However,, it was not possible to identify the spatial limits of most of these land cover 

typess because of two reasons. Firstly, is the problem of separating man-made landscapes 

fromm the surrounding natural landscapes in areas dominated by bare and low vegetation 

surfaces.. This becomes particularly difficulty for the rain-fed subsistence farms due to the 

highh spectral variations caused by differences in crop types, growth stage, crop-mixtures 

andd surrounding land cover characteristics. In the satellite image, freshly ploughed or 

newlyy planted sites appear as bare or sparsely vegetated areas. Maturing crops, with high 

biomasss and moisture contents, appear like forest or swamps, while senescent crops are 

similarr to moderately vegetated areas. Harvested fields, containing mostly dead litter, and 

abandonedd farms, although both similar in appearance to bare or sparsely vegetated areas, 

couldd in some instances be distinguished from such areas by their shapes, sizes and 

relativee locations. In such cases, they appear as smaller, more regularly shaped islands 

withinn matrices of natural land cover type. Secondary data i.e. population density and 

roadd network can be used to aid image interpretation, particularly in the separation of 

settlementss from bare/degraded land. The second problem is the difficulty of clearly 

separatingg different man-made functional classes, such as separating farms/homesteads 

fromm sub-urban centres even after incorporating characteristics such as size. This is 

becausee some urban centres consist of as few as two buildings, while some homesteads 

couldd have five or more dwelling houses, farm structures and large farms around them. 

2.532.53 Rangelands 

Inn the rangelands, vegetation species and structural characteristics were found to be 

importantt differentiating attributes for functional natural vegetation mapping from both 

fieldd observations and satellite imagery. A dichotomous vegetation differentiation 

consistingg of broad-leafed vegetation (mixed vegetation category) versus narrow leafed 

vegetationn (mostly different species of Acacia) seems to conform to the spectral 

characteristics.. Structural characteristics (height, size and density) could be combined 
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intoo 3-categories: sparse, moderate and dense. The sparse vegetation categories, which 

consistt of a high proportion of bare land, although spectrally not very different from 

moderatee vegetation categories, were considered relevant because they are functionally 

differentt since they cannot support most of the functions supported by the latter 

categories,, such as livestock production. Similarly, the range and extent of functions 

supportedd by the broad-leafed vegetation differ from those supported by the acacias 

(narroww leafed vegetation). This makes it necessary to distinguish seven rangeland 

functionall  land cover classes as shown in Table 2.9. 

Thee measured soil attributes were neither dense nor detailed enough to be used to 

distinguishh soils with different characteristics from the images. Further, the great local 

variabilityy in soil surface conditions makes it difficult to distinguish the major soil types 

fromm satellite images. Most analyses requiring information on soils have therefore to use 

secondaryy soil data. This will not affect the analyses or lower the quality of the results 

sincee most soil properties are quite static at the temporal scales and for the types of land 

usee concerned. 

2.5.44 Forests 

Thee evergreen forests shown in the topographic maps could be readily identified in the 

images.. However, most of these show signs of shrinkage and increasing fragmentation, 

whichh can be associated with over-harvesting and encroachment by farms and 

settlements.. Planted forests were less clearly visible. In most cases, they were either 

assimilatedd into the surrounding vegetation or appeared as patches of farms or improved 

vegetationn plots. Riparian forests were also quite clearly visible. The forest class was 

thereforee reduced to two classes, evergreen and riparian. However, these two classes 

spectrallyy overlapped with sisal and swamps, and could only be separated using spatial 

characteristics.. Small patches of planted forests in the lowlands could be identified but 

weree not very distinct from the managed regeneration plots. 

2.5.55 Wetlands 

Itt was extremely difficult to accurately map the swamp category. Permanent swamps 

withh heavy vegetation cover (grass/papyrus reeds and trees) are spectrally similar to 
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forestss and their spatial locations also coincide with the riparian forests. Similarly, in 

somee permanent swamps where there was more water than vegetation making it difficult 

too distinguish them form water bodies. Finally, for the seasonal swamp category, the 

moree or less bare muddy surfaces were confused with the naturally bare/degraded 

surfacess on the false colour composite image. 

2.66 Conclusions 

Observerss perceive the landscape depending on their interests or background. This 

differencee in perception determines how the landscape elements (patches, corridors and 

matrices)) are identified and defined (in terms of size) and the type of functions given 

emphasis.. These factors determine the classification scheme, the data used and the range 

off  analytical procedures employed. The purpose of the present study is to identify the 

dynamicc characteristics of a subsistence agricultural landscape in a semi-arid area from 

mediumm resolution satellite imagery. The study has therefore emphasized the 

identificationn of land cover aspects relevant to subsistence agricultural purposes. 

Thee results show that the information contained in satellite data allows 

characterizingg the landscape in the study area both structurally and functionally through 

thee combination of spectral and spatial characteristics of the landscape features. The level 

off  land cover class details recognisable in the images is high. However, some of these 

detailss cannot be mapped due to the difficulties in class separation caused spectral 

similaritiess between some classes. This limitation has important consequences to the 

imagee classification methods that can be used. For example, if supervised classification 

methodss are used, spectral similarities make selection of pure training data difficult 

causingg class confusions and hence classification errors. On the other hand, use of 

unsupervisedd classification approach may produce images with unrealistically high 

numberr of land cover classes. 
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