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Abstract

Throughout the world, environmental problems resulting from human activities are causing

great concern to environmental scientists and the general public. Although many of the

humanactivities that contribute to these problems are localized, the repercussions are felt

notonly at the local level but also at the regional, national, supra-regional, continental and

global levels. Concem about many of these problems was first expressed in the late 1960s

and culminated in the first United Nations Conference on the Human Environment, in

Stockholm in 1972, that led to the establishment of the United Nations Environment

Programme (UNEP). However, it took another 21 years to formalize the international

legitimacy of these issues, which found its expression in the United Nations Conference on

Environment and Development (UNCED), held in Rio de Janeiro in 1992, and its Agenda

21-an agreement that was signed by many heads of state. Loss of biodiversity is one such

problem. Over the last two decades, there has been general agreement that global

biological resources are declining at an accelerated rate, mainly through species extinction.

Concemfor the loss of biodiversity in Kenya has resulted in a number of government policy

initiatives that address the problem. The Kenya Wildlife Service (KWS) has been given the

mandate to conserve the existing biodiversity resources in the country.

Decisions related to biodiversity conservation are made at three levels: national, regional

and local levels, each of which requires different levels of abstraction of information.

Although the different decisions made at each level generally require specific information,

similar data acquisition procedures are needed at all levels (ground truth, airborne and

satellite data). Because collection of data on biodiversity resources can be very costly, a

large organization like KWS needs to restrict acquisition to those data items that are

essential for information to support biodiversity conservation decisions and to ensure

consistency in the use of data and subsequently derived information. Research to

determine how this can be accomplished was the main focus of this study and Tsavo

ecosystemwas used as a case study. This study was designed to define, develop and test

a prototype of such a decision-support system for management of biodiversity resources on

a sustainable basis.
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This study applied existing system analysis and information system development

methodologies, tools, and techniques to develop a prototype decision support system for

management of biodiversity resources in Kenya. This system has been tested using two

case studies from the Tsavo Ecosystem.

Results from the case studies show that modem information technology concepts and

theoriescan be modified to provide a powerful tool for effective and efficient management

ofbiodiversity resources on a sustainable basis. The prototype should now be tested and

implemented in the whole Kenya Wildlife Service organization.
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Chapter 1 Introduction

1.1 Background to the Problem

Throughout the world, environmental problems resulting from human activities are causing

great concern to environmental scientists and the general public. Examples of these

problems are many, but those that are notable and have received the greatest attention in

recentyears include: global warming, resulting in part from increased carbon dioxide levels

in the atmosphere; loss of biodiversity; heavy-metal pollution of rivers, oceans and ground

water aquifers; acid precipitation; land degradation such as desertification; and the

depletion of the ozone layer. Although many of the human activities that contribute to these

problems are localized, the repercussions are felt not only at the local level but also at the

regional, national, supra-regional, continental and global levels.

Concern about many of these problems was first expressed in the late 1960s and

culminated in the first United Nations Conference on the Human Environment, in Stockholm

in 1972, that led to the establishment of the United Nations Environment Programme

(UNEP). However, it took another 21 years to formalize the international legitimacy of these

issues, which found its expression in the United Nations Conference on Environment and

Development (UNCED), held in Rio de Janeiro in 1992, and its Agenda 21-an agreement

that was signed by many heads of state. The general consensus in 1972 and now is that

these problems, many of which transcend national boundaries, represent formidable

challenges that can be effectively addressed only through better co-operation among

governments to ensure that activities under their control do not damage their environment

and that of other states or areas beyond their national jurisdictions (see Hinteregger, 1992).

This requires the establishment of a policy and operational framework under which

governments can address specific problems of common interest.

Over the last two decades, a variety of global conventions, protocols and inter-
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governmental treaties have been formulated to address specific environmental problems.

Theunderlying concept in all these instruments is generally the same, that is, think globally

and act locally. Governments which become signatories are expected to work towards

achievingspecific objectives and goals set within the frameworks of these treaties, protocols

and conventions, by among other ways developing policies and legislation which will

enable them fulfil their obligations, especially at the national level. At the regional level,

these policies have to be translated into practical programmes for implementation at the

local level.

The different levels in the decision making hierarchy represent different decision making

contexts.Each of these requires different levels of abstraction of information. At the lowest

level,this often includes data from direct surveys. At higher levels, information entities are

defined as derived survey information. In the design of a survey system, it will be necessary-

for efficiency, to ensure data consistency and to avoid redundancy--to attempt to carry out

one survey from which all the other information at the different context levels can be

derived.The challenge for governments is putting into effect the 'conventions, protocols and

treaties' to which they are signatories, and acquiring data at the lowest cost from which

information to support management decision making at all levels can be derived. This

challenge constitutes the main focus of this study as set out in the statement of the

research problem .

1.2 Statement of the Research Problem

Over the last two decades, there has been general agreement that global biological

resources are declining at an accelerated rate, mainly through species extinction (Pellew,

1995; Huston, 1994; McKendry and Machlis, 1991; Wilson, 1988). The attention given to

this loss of biological resources has led to the addition of a new word in the English

language, "biodiversity" (a contraction of 'biological diversity', Wilson, 1988). It is as a result

of the global concern about the continued loss of these resources that the Convention on

2



Biodiversity (CBD) resources was approved at the UNCED conference in Rio de Janeiro

in 1992.

Concern for the loss of species in Kenya has resulted in a number of government policy

inrtiativesthat address the problem. The Kenya Wildlife Service (KWS) has been given the

mandate to conserve the existing biodiversity resources in the country. Before the

establishment of KWS in 1989, the main emphasis of conservation as carried out by the

GameDepartment was on wildlife species. In this context, wildlife species were referred to

onlyas free-ranging birds and large mammals. Under the KWS, the emphasis changed to

the conservation of overall biodiversity resources in the country. The organization has

recentlyundergone the process of restructuring to better meet this challenge of conserving

nature. In the new structure, decisions related to biodiversity conservation are made at three

levelsof a nested spatial hierarchy: national, regional and local (protected area) levels. The

national level establishes long-term policy on biodiversity conservation. Due to practical

and financial constraints, it is not possible to protect all available resources. A typical

questionfor-management at this level is 'what biodiversity resources need to be conserved?

This requires a systematic approach to analyzing and prioritizing the available biodiversity

resources on the basis of well defined criteria. This is to ensure that all biodiversity

resources in the country are assessed in a consistent manner.

A decision hierarchy provides a suitable tool for such an approach. Such a hierarchy

should be based on ecological principles: first, the management has to decide on which

level (genetic, species or ecosystem) the biodiversity resources should be measured, and

then in sequence determine: what biodiversity resources are present and where they occur,

secondly, whether they are endemic, and thirdly whether they are under threat of extinction

and whether the population is viable and its conservation is sustainable. These decisions

would require data on distribution and densities of the targeted resources and land use.

This would be generalized qualitative information with a coarse spatial resolution. This

informationwould normally be acquired from ground and airborne surveys and from satellite data.
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Havingestablished the biodiversity resources which should be conserved, the regional-level

management is challenged to translate these decisions into action programmes. The

information support required at this level should involve some inventory, but more

importantly,it involves monitoring and prediction to assess performance and environmental

impact, and for planning and design. Regional management requires quantitative

informationwith a higher spatial resolution than at the national level. Although this is a key

management level in the conservation of biodiversity, it has no independent source of data

for the information it needs because most of them come from local units that report to it.

Most of this information is acquired from ground and airborne surveys and satellite data

analysed at a more detailed scale than at the national level.

Conservation programmes are usually executed at the local level. The management at this

levelhas to decide on what biodiversity conservation activities are acceptable to the local

communities.The management here requires current information so as to address current

resource issues, and it is critical that there should be an accessible information system.

These requirements place a significant demand on the system to provide the required

information, to an agreed level of accuracy and reliability, within a set time frame (McCloy,

1995).Most of this information is acquired from large-scale photographs and ground survey

data.

Giventhe above discussion, it is clear that information is a critical factor in the success of

biodiversity conservation. It is also clear that information required to support decisions in

biodiversity conservation is contextual in the sense that specific information is needed for

certain decisions at different levels. Although the different decisions made at each level

generally require specific information, similar data acquisition procedures are needed at all

levels (ground truth, airborne and satellite data). Because data collection can be very costly,

a large organization like KWS needs to restrict acquisition to those data items that are

essential for information to support biodiversity conservation decisions and to ensure

consistency in the use of data and subsequently derived information. Research to determine
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howthis can be accomplished was the main strategy of this study. The Tsavo ecosystem

wasfound suitable for use as a case study.

Information for biodiversity conservation is extracted from spatial data on biodiversity

resources. Biodiversity conservation involves managing processes related to the resource,

predicting the impact of different management interventions on the resources and evaluating

theeffects on the resources of those management interventions. There must therefore be

a structure for the definition of the data that are required, for monitoring and regular

updating of data on the resource, and for transforming these data (which may come from

different sources) into management information. This implies that for biodiversity

conservation, KWS needs a decision-support system. In this study, the definition of a

decision-support system by McCloy (1995) is used i.e. a computer-based system that

transforms and presents survey information in a form and manner to assist managers make

specific resource management decisions. A Geographic Information System (GIS) is one

suchsystem that provides a certain structure for the description of spatial data and the tools

for storing, retrieving, transforming and displaying geographic data (Burrough, 1986;

Johnson, 1990; Haines-Young et ar, 1993). Identifying the need for a decision-support

system in biodiversity conservation is the first step. The next step should be to define a

framework under which this technology (GIS) could be designed and implemented, the

institutional conditions that need to be created, the investments that need to be made and

the time required to enhance the chances of its successful integration into the decision

making process.

1.3 Research Questions

As a step towards addressing the above biodiversity conservation issues, answers to

several questions had to be sought through research. These questions include:

(1) What are the different levels of management decision making in biodiversity
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conservation? ,

(2) What information is needed to support decisions at these different levels and how

is it used?,

(3) What data are required to provide this information?,

(4) Howcan these data be efficiently acquired, stored and managed?,

(5) Does Tsavo National Park provide adequate protection for all the biodiversity

resources in the region?,

(6) What is the status and trends in the wide herbivore resources of the Tsavo

ecosystem?,

(7) How can one predict the potential for human/wildlife conflict in the Tsavo

ecosystem?

1.4 StudyObjectives

Thebroadobjective of this study was:

To develop a mechanism for the provision of information necessary for effective and

efficientmanagement of biodiversity resources in Kenya.

Thespecificobjectives were to :

(1) Design an information-abstraction structure for multi-level management decision

support in biodiversity conservation in Kenya,

(2) Test the decision-support system designed in (1) above, in the Tsavo Ecosystem

(TaitaTaveta district) to: (a) model biodiversity resources and the current trends in

the resourcesat a regional and national scales, and (b) model threats to biodiversity

resources at a local scale.
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1.5 Study Hypotheses

Thisstudy had an overall and specific hypothesis.

1.5.1 Overall Hypothesis

Thisstudy involved the development of methodology and techniques for applying modem

(digital) information technology theories and concepts to the sustainable management of

biodiversity resources in Kenya. It entailed a detailed examination of processes and

procedures.Consequently, the overall hypothesis could not be tested in the traditional way

that draws on parametric models. Instead, cases studies have been used to determine

whether techniques and methodologies developed do provide information that is needed

to support decisions in the sustainable management of biodiversity resources.

Thus, the overall hypothesis of this study was:

That digital information technology provides a powerful decision support tool for

efficient and effective management of biodiversity resources on a sustainable basis.

1.5.2 Specific Hypothesis

Within the framework of case studies, the specific hypotheses were:

a) Given the general linear regression model
Y =P. R X .+ Q.y . + + Q y .+E.

. 1 1"0+ 1"1 1, P2"'2, Pp"'"I" ,
Where

J30 = regression constant

f3;, .: Vi'S = 1, , p are partial regression coefficients

Ei = random errors; E; -N (0,02
)
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Yi = the ithobservation of the dependant variable

x, = the ithobservation of the independent variable p.

For \;fA = 0 where i = 2 P the general linear regression modeltJ, . S J J' ,

becomes a simple linear regression model

Hence, the specific hypothesis for this model was:

Ho f3i'S= 0

H1 : Alternative

Theabove hypothesis was tested at the sub-class level (data on individual animal species

wasused); class level (data on animal species were grouped on the basis of their feeding

habits, i.e. grazers, mixed feeders and browsers); and the super-class level (data were

groupedon the basis offood types). Each level of analysis was done at three spatial units:

areainside Tsavo protected area, area outside Tsavo protected area, and the entire Tsavo

ecosystem.The adopted model set Y, animal population estimate as the response variable,

andtime (years), as the explanatory variable.

b) To study animal population trends, a quadratic model was adopted. This model was of

the form:

Where

130 = regression constant

f3i'S: Vi'S = 1, 2, are partial regression coefficients

Ej = random errors; Ej -N (0, 02
)

Yi = the ithobservation of the dependant variable

x, = the ithobservation of the single independent variable.
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Hencethe specific hypothesis for this model was:

Ho 13;·s= 0

H1: 13;·s < or > 0

Usingthe same spatial units as was the case under specific hypothesis (a) above, Y was

set as the animal population estimate (response variable) and X , time (years) being the

explanatory variable.

c) To fit the logit regression on animal distribution data in Tsavo Ecosystem, the

biodiversity resources model was stated:

ass = 1/1 +exp( a+b*scdst+c*scdsF+d*veg +e*veg2)

Where

ass = the possibility of observing an elephant based on distance to water

and vegetation cover

scdst = distance to watering point

veg = distance to vegetation cover

This is a second order polynomial response function with specific hypothesis:

Ho : ass = 1/(1-exp*a)

H1: Alternative

1.6 ResearchRationale

This study is significant at both the scientific and practical level.

1.6.1 Scientific Significance

Biodiversity resources can be viewed at three hierarchical levels, ie, genetic, species and

ecosystem. The structure, functioning and behaviour of any given animal or plant species

isdetermined by a unique set of inherited genetic material. Species in turn are the building

blocksof ecosystems, and ecosystems provide the life support systems for humans. It is in
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this sense that the conservation of species diversity assumes indispensable importance.

Biodiversity resources provide social, cultural, ethical and economic values to society.

These resources, especially when maintained as natural systems, assist in controlling

runoff, are reservoirs of many valuable plants and animals, can yield timber on a

sustainable basis, build soils and control erosion, and attract tourists hence, generate

revenuefor the country. Given these multiple values, it is imperative that these resources

are conserved. Although biodiversity resources are renewable, they are also fragile. The

way they are managed can enhance or reduce their diversity. Effective management

systemscan ensure that these resources not only survive, but also increase while they are

being used, thus providing the foundation for sustainable development. To effectively

managebiodiversity resources, managers need to have adequate information about their

structureand functioning. This information is usually extracted from data collected on these

resources. Due to the vast nature of these resources, large volumes of data are usually

collected.For effective utilization of these data, there is need to have a mechanism for their

collection,handling, storage, analysis and presentation. This study set out to develop such

a mechanism to support the effective management of biodiversity resources in Kenya.

1.6.2 Practical Significance

Sincethe beginning of this century, wildlife in Kenya has been managed through a network

of nationalparks and game reserves. Until 1976, national parks were managed by a Board

of Trustees under the National Park Service, while game reserves were managed by the

game department. The 1976 Wildlife Conservation and Management Act brought the

management of national parks under the Department of Wildlife Management and

Conservationin the Central Government. In the period between the 1970s and late 1980s,

therewas a rapid decline in the numbers of certain wildlife species, notably elephants and

rhinos,mainly through poaching (Mbugua and Stevens, 1977; Ottichilo et al., 1981; Van

Wijngaarden, 1985; Cobb, 1976; Kenya Wildlife Service, 1990; Mwenge International
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AssociatesLtd, 1980 ). In reaction to this decline, the govemment in 1989, through an Act

of parliament, established a parastatal organization, the Kenya Wildlife Service with the

mandate to deal with the problem of poaching, in addition to managing wildlife. By 1994,

poaching in most protected areas had been brought under control and the Kenya Wildlife

Servicecould concentrate on the other aspects of its mandate.

In1994,the govemment instructed KWS to propose changes to the wildlife policy by taking

intoconsideration the changing environmental and socio-economic values with regards to

biodiversityand to prioritize issues related to biodiversity resources, and to address their

sustainable use. The new policy defined a new mission for KWS (KWS, 1996). The new

mission for KWS was to conserve biodiversity, promote partnership in biodiversity

conservationand promote nature tourism based on the country's total biodiversity. KWS is

therefore mandated to coordinate the management of all biodiversity resources in Kenya.

Giventhis setting, this study contributes towards this mandate through the development of

a mechanism for the provision of information to support decisions in the management of

biodiversity resources in Kenya at the different hierarchical levels.

Thisstudy set out to develop was a prototype decision support system for the management

of biodiversity resources in Kenya. The resulting prototype had to be evaluated for its

effectivenessand efficiency in a real life situation. Tsavo ecosystem provides a unique site

forsuch an evaluation because:

(1) it spreads over five agro- climatic zones and therefore has a wide range of biodiversity

resources.

(2) it has one of the highest concentration of wild animal species (Mbugua and Stevens, 1977;

Ottichilo et al., 1981; Van Wijngaarden, 1985; Cobb, 1976; Kenya Wildlife Service, 1990;

and Mwenge International Associates Ltd, 1980).
(3) all known major threats to biodiversity conservation in Kenya are present in this area ;

habitatalteration, rapid human population growth in the surrounding areas, over-harvesting

and poaching (Van Wijngaarden, 1985; Cobb, 1976; and Kenya Wildlife Service, 1990).

11



Chapter 2 Literature Review

2.1 Concepts of Biodiversity Resources Conservation

Thereare various concepts that are applied in biodiversity resources conservation. This

chapter deals with literature on emerging concepts in information technology that can be

appliedas a management tool in the conservation of biodiversity resources in Kenya. Key

conceptsthat were applied in this study are discussed in subsequent sub-sections of this

chapter.

2.1.1 The Value and Threats to Biological Resources

Drawingon the World Charter for Nature, adopted by the General Assembly of the United

Nations on October 1982 and World Conservation Strategy (IUCN, 1982), the IUCN's

workinggroup on ethics and conservation produced an ethical foundation for conservation

(McNeely,et al. 1990). It concluded that the ethical basis for conserving biodiversity should

be consistent with ecologic principles while promoting their sustainable use. The priority

given by countries to the conservation of biodiversity resources should be based on the

contribution of these resources to the economy at national, regional and local levels.

Countries should strive to maintain maximum variety in their biodiversity resources to

ensurethe well being of present and future generations. However, in many countries, Kenya

included, there are many threats to the maintenance of maximum variety in biodiversity

resources. The most notabJe ones are:

a. Habitat alteration, usually from highly diverse natural systems to far less diverse

(often monoculturaJ) agroecosystems. This. is clearly the most important threat, often

related to land-use changes on a regional scale that involve great reduction in the

area of natural vegetation (McNeely, et aJ., 1990; FAO/UNEP, 1982; FAO, 1981).

Such a reduction in area - often involving fragmentation of species habitats -
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inevitably mean reductions in populations of species, with a resulting loss in genetic

diversity and an increase in the vulnerability of species and populations to diseases,

hunting and random population changes (Soule' and Wilcox, 1980).

b. Rapid population growth, as a result of better health care. The human population

which was estimated at 1 billion at the beginning of the 19th century, reached 2

billion in the 1920s, and totals over 6 billion today (McNeely, et aI., 1990). This rapid

growth has been accompanied by a corresponding increase in demand for fuelwood

for cooking and food. Land under highly diverse natural systems has to be cleared

and converted to production of food and fuelwood leading to habitat alteration as

stated above.

c. Over-harvesting and poaching, i.e. the taking of individuals at a higher rate than

can be sustained by the natural reproductive capability of the population being

harvested. This is especially common with large herbivore species, fish and tropical

rain forests.

d. Introduction of new species, which in certain cases may virtually replace native

species of plants or animals. An example is the weed Salvinia mo/esta which invaded

the natural water system of Lake Naivasha, in the African Rift Valley, and has greatly

reduced the fish resources within the lake.

Effective management of biodiversity resources requires a clear understanding of the

manifestations of these threats on species and habitats. For this, there is a need for data

fromwhich information can be extracted to support management decisions. In this context,

thefollowing terms are important:

Species: Extinction of species has always been there since their origin. In the past,

extinctions occurred by natural processes, but now most extinctions are due
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to human activities, especially the destruction of tropical forests ( habitat

loss), introduction of predators, and over-harvesting. Given that only about 10

% of the total species in tropical forests have been described (McNeely, et aI.,

1990), it is possible that many species could become extinct even before they

are described. Species diversity is also being reduced through the loss of

races and varieties of domesticated species as a result of their breeding by

humans. Major crops like maize and rice are examples of species where the

gene pool amounts to only a fraction of the genetic diversity they harboured

many years ago. This makes them much more vulnerable to disease, climate

change and other environmental adversities. It is therefore vital that human

induced species extinctions are reduced significantly.

Habitats: Tropical rain forests cover only 7 % of the earth's surface but contain at least

50 % of all the plant and animal species on the earth (McNeely, et aI., 1990).

This species richness was illustrated by Whitmore et al. (1985), who counted

233 species of vascular plants in just 100 square meters of lowland tropical

forest in Costa Rica. These forests are increasingly threatened by human

destructive activities. FAO/UNEP ~1982) estimated that 11.1 million ha of

tropical forests are eliminated each year and that all closed forests would be

cleared in 177 years (FAO, 1981). This deforestation leads to a reduction in

plant species diversity and a loss of habitat for many animal species which in

turn become threatened with extinction. Other habitats where biodiversity

resources are threatened by human activity are wetlands, marine ecosystems

and Mediterranean forests.

It is essential to conserve biodiversity resources because they make an important

contributionto human welfare. Conservation should be done at the ecosystem level in order

to preserve community processes and organization (habitats), and at the species level in

order to address specific taxa that might be threatened. Conservation at these two levels
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will ensure the preservation of species genetic variability. Managers of biodiversity

resources need sufficient information, on which to base their decisions. To identify the

differenttypes of threats to biodiversity resources, information in different contexts has to

be extracted from the same database and there has to be a mechanism to facilitate this

process.Currently, such a mechanism does not exist in KWS. Hence this study.

2.1.2Approaches to Conserving Biodiversity

Traditionally, the main focus of biodiversity conservation has been on use of protected

areasand ex-situ mechanisms. Recently, it become apparent that at times, a large portion

ofwildlife resources, especially large herbivores, are to be found outside protected area

boundaries.These have to be included in any management plans for biodiversity resources.

A descriptionof the basic concepts underlying these two approaches to conservation follow.

2.1.2.1 Protected Areas

Protectedareas are regions designated by legislation for the protection and conservation

of environmental resources. They are protected from iJJegal intrusions. There are 10

differentcategories of protected areas (IUCN, 1978). The basic principle of protected areas

involvessetting aside representative areas of unique and unspoiled parts of the country as

publicparks for the benefit and quiet enjoyment of the people, and for the detailed study of

nature. Their establishment and management are based on ecologic principles, and

emphasis is placed on ensuring that a country's natural resources are conserved for the

benefitof mankind, both now and in future.

A protected area must possess special or unique natural qualities, e.g., great species

diversity, the concentration of particular species or the presence of endangered species.

Othercriteria include:
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a. The area set aside should be sufficient for the maintenance of a 'minimum

viable population' for the survival of the different species present.

b. Protected areas should ensure positive interaction among the species within

their confines, between the species and their environment, and between the

species and the human population (and their activities) outside the park

confines.

Although the first documented protected area was established in 252 BC, when Emperor

Asokaof India passed an edict for the protection of animals, fish and forests (IUCN, 1986),

Yellowstone National Park was the world's first protected area to be established on the

basis of modem concepts and criteria. It was established as a 'public park or pleasuring .

ground for the benefit and enjoyment of the people' with the necessary legislation to

safeguard it. By 1885, only three countries (the United States of America, Australia and

Canada) had designated parks for the protection of wildlife (Eidsvik, 1986). Wildlife

conservationin Africa had its start in 1897 when Hluhluwe, Umfolozi and St Lucia reserves,

South Africa, were established (Harris and Sullivan, 1980). The earliest legislation that

established game reserves and introduced controls on hunting in Kenya was enacted in

1898 (Kenya Wildlife Service, 1990). A game department to manage wildlife was

establishedin·1907 and its main objective was to regulate hunting. In 1945, legislation was

enactedthat allowed the establishment of a board of trustees to manage land set aside for

NationalParks, and the first national park (Nairobi National Park) was established in 1946.

Themain emphasis here was on wildlife conservation. Currently, there are over 52 wildlife

protected areas in Kenya (Kenya WildUfe Service, 1990).

At the time of establishing the first modem protected area, ecology as a subject was still

embedded in biology, and the ecologic principles so central to nature conservation were just

beginning to emerge. The ecosystem concept was not introduced until 1935 (Tansley,

1935). Since then, the ecosystem has been recognized as a fundamental organizational unit

in ecology, especially in nature conservation. This is the unit that is used in testing the
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prototypeDecision Support System developed in this study. Many of the current problems

thatplague protected areas all over the world, and specifically in Kenya, can be traced to

the fact that many were established without clear reference to ecologic principles. At the

time of establishing the first modern protected area, ecology as a subject was still

embeddedin biology, and the ecologic principles so central to nature conservation were just

beginningto emerge Initially, the concept of conservation was to establish protected areas

to conserve nature for its own sake. Sites were established, demarcated and made toff

limits' for any other type of land use. They were managed without much reference to the

surroundingareas. This has resulted in sharp boundaries between protected areas and the

adjoiningpopulated areas, transforming the former into islands. Over the years, the concept

of protected areas has evolved and now emphasizes their benefits to mankind, however, .

the underlying principle is still that of preserving wildlife.

Many protected areas were established at a time of .low population pressure in areas

traditionally used by pastoralists. Consequently, the pastoralists were excluded from the

resourceswithin and confined to the resources in the buffer zones. In this study, the term

'bufferzone' refers to an area adjacent to a protected area, where wild animals spend part

of their time usually in search of forage and water.

Size,that is, sufficient size to be ecologically viable, is one of the most important criteria in

establishingprotected areas. This principle was not appHed when establishing many of the

present protected areas in Kenya. Emphasis was on conserving wild animals, and their

distribution at the time of establishing the protected areas determined the placement of

boundaries. Consequently, the home ranges of many large migratory species such as

wildebeest,zebra, buffalo, elephant and gazeUe have not been protected in their entirety,

andfor part of the year these animals are to be found outside protected area boundaries,

thus leading to human/wildlife-related conflicts.
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Wildlifedistribution as a criterion in establishing protected areas has serous limitations.

Someprotected areas exclude climax plant communities, while others exclude successional

stages effected by burning and grazing regimes, yet these are necessary in a proper

conservationstrategy. The exclusion of domestic grazing animals has resulted in changes

inthevegetation composition in many protected areas, sometimes reducing diversity as pre-

climaxor climax dominants have become established (Tivy, 1994).

Initially,conflicting demands for the land resources were rare and went largely unnoticed.

Howeveras the human population grew and demands for land resources multiplied through

changingland use practices, land use conflicts have increased. The recent rapid increase

in small-scale agriculture at the expense of pastoralism in the buffer zone have made

protectedareas more isolated. This portends a primary threat to the wildlife within, given

that the affected areas are increasingly becoming islands in the midst of change, and

resource managers are being confronted with fundamental questions that must be

addressed:(1) What is the minimum area required to protect the existing animal population

in the long term without causing serious overgrazing and degradation of plant and soil

resources? (2) Are the different animal species populations represented in adequate

numbersto be ecologically viable in the long term? (3) What internal and external factors

threatenthe long-term survival of the protected areas? (4) Are there any animals in the area

that need protection?

Besides being species- habitat- or ecosystem-oriented (Tivy, 1994), conservation

managementcan also be landscape-oriented. Many of the early conservation efforts were

basedon individual plant or animal species, and they continue to be so. This strategy has

tended to concentrate on known endangered or threatened species of plants or animals,

with minimal focus on the population communities, processes, functions and dynamics of

ecosystems. Inadequate monitoring means that the effects of this approach are only just

becoming evident through soil erosion or habitat change. Hence the importance of a

landscape approach.
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The long-term survival of protected areas will depend on efficient management. This is

conditional on resource managers having an in-depth understanding of the structure,

functioningand dynamics of these areas. Although the requisite tools and techniques are

nowmorereadily available, data on any given protected area are rarely sufficient or up-to-

date.Therefore, a logical starting point in the efficient management of protected areas is

a comprehensiveinventory of resources at local, sub-regional, national and regional levels.

This forms the basis for resource monitoring. Such data should be compatible and

comparable.This study aims at filling this gap by defining tools and a mechanism that will

assist resource managers determine what type of. data. are required for effective

managementof biodiversity resources in Kenya.

2.1.2.2 . Ex Situ Conservation

Biodiversity resources can also be conserved Ex-situ i.e. away from their natural habitat.

Ex situ conservation mechanisms of biodiversity resources include botanical gardens, game

fanns,zoological gardens and gene banks. Ex-situ conservation of biodiversity resources

providefor the long-term storage, analysis! testing, and propagation of threatened and rare

speciesof plants and animals and their propagules. They are particularly important for wild

specieswhose populations are highly reduced in numbers, serving as a backup to in situ

conservation,as a source of material for reintroduction, and as a major repository of genetic

material for future breeding, especially, of domestic species (McNeely, et al. 1990). The

contributionof ex situ mechanismto conservationof biodiversity resources is limited by the fact that

onlya limitednumber of species can be kept in zoological and botanical gardens, and gene banks.

Besides, little directional habitat-responsive evolution can take place ex situ, so the captive

populationare not responding to changing environmental conditions (McNeely, et al. 1990). The

ex situ populationis also likelyto have a narrow gene base as a wide range of genotypes is unlikely

tohavebeen collected.Conway (1988) concludes that because of the limitations of space and the

numbersrequiredto maintainviable populations, it is impractical for zoos to sustain in the long term

morethan about 900 species of vertebrates and. probably far fewer in conventional breeding

programmes.
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2.1.3 New Integrated Approach to Biodiversity Conservation

Manygovernments, Non Governmental Organizations (NGOs) and international agencies

are now adopting an integrated approach to biodiversity conservation (Kenya Wildlife

Service, 1990). This involves land management systems that contribute to conserving

biodiversitywhile contributing sustainably to human needs. Population growth and economic

development are threatening protected areas in many countries. Increasing populations

require more food, consequently more land must be put under crop production. In many

developing countries, this land is normally obtained by clearing natural vegetation. Besides,

economicdevelopment can only be sustained by a steady supply of raw materials most of

whichare obtained from wild lands, especially forests. The list of demands placed on wild

landsis expanding. Thus, governments today recognize that strictly protected areas can not

be managed to meet society'S growing list of goods and services, involving such diverse

activttiesas genetic resource management, watershed protection, recreation and education

(McNeely,et al. 1990; Mbugua and Stevens, 1977; Ottichilo et al., 1981; Van Wijngaarden,

1985;Cobb, 1976; Kenya Wildlife Service, 1990; Mwenge International Associates Ltd,

1980).

Additional approaches to the management of wild lands are required to supplement the

protectedareas, where some sustainable harvesting of biodiversity resources, incorporation

of other land use types and local human population can be among the objectives of

protected area management. In the integrated approach to biodiversity conservation, local

supportfor protected areas should be increased through such measures as education, revenue

sharing,participation in decision making, complementary development schemes adjacent to

protectedareas,and where compatiblewith protected area objectives, access to resources. In this

approach,economic incentives are being used to make the local people appreciate and identify

themselveswith the protection of biodiversity resources (Kenya Wildlife Service, 1990).

The integrated approach wouJd be . effective, if resource managers recognize the three

basicscales of biodiversity, i.e. alpha, beta and gamma. Alpha diversity is the number of
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specieswithin a single habitat or community while beta diversity reflects the change in

species composition along an environmental gradient or a series of habitats (Whittaker,

1972).Karr (1976) interprets alpha and beta diversity as roughly equivalent to within and

betweenhabitat diversities. Finally, the total diversity of a large geographic region (e.g. a

landscapeor larger) has been called gamma diversity (WhiUaker, 1972). These three basic

scalesof diversity may be affected differently by human activity in any given area.

To implementthe integrated approach to the management of biodiversity resources, KWS

has adopted a hierarchical structure. of biodiversity conservation. In this structure,

managementdecisions are taken at three levels i.e. national, regional and local level. These

different levels in the decision making hierarchy represent different decision making .

contexts.Each of these requires different levels of abstraction of information. Unfortunately,

KWS is yet to actualize these levels with regard to information organization. Basically at

the lowest level, this often includes data from direct surveys. At higher levels, information

entitiesare defined as derived survey information. In the design of a survey system, it will

be necessary-for efficiency, to ensure data consistency and to avoid redundancy-to

attemptto carry .out one survey from which all the other information at the different context

levelscan be derived. Hence this study defines such a system that will provide KWS with

information to support biodiversity. management decisions at the different management

levels.

2.1.4 Threats to Biodiversity Resources in Kenya

Severalproblems are currently threatening biodiversity conservation in Kenya. Among them

are:

(a) Over the last 50 years, Kenya's human population has quadrupled, from an

estimated figure of less than six million in 1945, when the first protected area was

established (Nairobi National Park), to approximately 25 million in 1999 (Central
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Bureauof Statistics, 2001). Consequently, there has been a corresponding increase

in demand for food crops and land on which to grow them, leading to large areas that

formerly supported natural vegetation being cleared for agricultural production as

depicted in Fig. 2.1. This change in land use has an impact on biodiversity

resources. The increased population, coupled with cultural practices and better

animal husbandry, have resulted in an increase in livestock numbers as documented

by Mbugua and Stevens, (1977); and Ottichilo et al., (1981), and thus increased

competition with wildlife for grazing resources. In his scenario of the 'pastoral road

to extinction', Prins (1992) noted that 'at first, livestock partly supplants wildlife. Then,

when the ratio between humans and livestock increases, and wildlife is out competed

by livestock, people ultimately switch to agriculture or horticulture, and there is less

and less space for wildlife. Ultimately, agriculture has to give space for urbanization

and no space or food will be left for wildlife'. Recentfindings show an increasing ratio

between humans and livestock (Fosbrooke, 1989; Brown, 1971) and strongly suggest

that the real problem is an increase of the human population, which outgrows the

livestock population (Prins, 1992). The consequences for biodiversity of these

developments include a decline in wildlife populations because of a reduction in

resources available to them, isolation of wildlife populations because of

fragmentation of their habitat, and increased direct wildlife-human interactions. The

challengefor KWS is how to protect biodiversity outside protected areas in the context of

increasinghuman population and changing. land use and land tenure systems.
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Fig. 2.1 The Impact of Human Population Increase on Wildlife Resources

(b) Wildlife tourism is based mainly on the large mammals (elephant, rhino, buffalo,

wildebeest, hippopotamus, zebra, lion, cheetah and Jeopard). This has led to over-

utilization by tourists of the parks they inhabit. Impacts of this over-utilization include

destruction of wildlife habitat and the disruption of the natural activities of wild

animals. The challenge for KWS is to reduce the negative impact of the current

trends nature tourism.

(c) Since the inception of KWS in 1989, there has been increased interest in biodiversity

conservation. This has led to the recognition that past wildlife conservation policies

23



laid too much emphasis on five species (elephant, rhino, buffalo, lion and leopard).

Most protected areas have been established to protect these large mammals. Other

than the large mammals, little is known about the rest of the biodiversity resources

in Kenya. Many of these other biodiversity resources occur outside the present

protected areas. Moreover, the current network of protected areas does not

represent all these large mammals' habitats (Mbugua and Stevens, 1977; Ottichilo

et al., 1981). Many of them regularly migrate outside the protected areas, especially

during the wet season. This renders these biodiversity resources vulnerable to the

influence of man. The challenge for KWS is how to conserve these other biodiversity

resources.

Inadditionto dealing with problems discussed above, KWS as stated in its mandate, must

continueto conserve biodiversity in the present protected areas, where the main problems

are related to disturbances as a result of tourist activities (over-utilization and over-

aowding),and the adjoining human populations (grazing, illegal hunting and harvesting of

fuel wood). These problems lead to the increased isolation of these areas and a higher

probabilityof many of the current species becoming extinct. The challenge for KWS is how

to maintain viable species populations while optimizing tourist activities. To do this, KWS

will require to fill this information gap on various aspects of the biodiversity resources.

Althoughquite a lot of data from which this information can be extracted already exists in

KWS and other organizations, it is not structured in such a format as to support decisions

at thedifferent hierarchical levels in an integrated approach to management of biodiversity

resourcesin Kenya. This study defines and tests a prototype of such a structure.

2.1.5 Infonnation Requirements for Biodiversity Conservation at different Hierarchical

Levels

Oneof the biggest challenges to KWS is to translate its mission into activities that contribute

tobiodiversityconservation. Many of the problems facing KWS are linked to the environment
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inwhichthese resources occur and are poorly or insufficiently structured. In such a situation,

decisionscan be made only in a given context (see Guariso and Werthner, 1989). Ideally,

theseproblems need to be structured so as to provide new insights about the nature of the

problem,produce altemative solutions and evaluate them. The hierarchical nature of KWS

alsomakes it necessary to structure these problems, because solutions can be developed

only if there is clarity about which activities are to be executed and at what level in the

hierarchy.This is to avoid duplication of efforts and wastage of resources.

Presently, the main objective of KWS is to conserve biodiversity resources. The main

problemis to define what this means and how to do it. This is an unstructured problem to

which a solution is possible only after systematically decomposing it into structured sub-

problems. An aggregate of the solutions to the sub-problems should be able to provide a

viablesolution to the main problem. Yet, it is difficult to understand any phenomenon with

asmanycomplex components and scale of spatial and temporal variability as biodiversity,

unless it can be divided into components within which repeatable pattems and consistent

behaviouroccurs (Huston, 1994). Each component is influenced by different processes and

theproblem is to identify these processes at the three hierarchical levels considered below.

2.1.5.1 National Level

Priorities for conservation of biodiversity have to be set at the national level because

those that are based on local criteria could be misleading since a resource which

is rare in one area may be abundant in another. Consequently, it is necessary to

develop criteria for use in decision making in relation to biodiversity management.

First, management needs information on what biodiversity resources occur in the

country. Because it is not practical and financially feasible to protect a\l national

biodiversity resources, the national management has to decide and determine the

components (hereafter referred to as species or ecosystems) which should be given

a priority for conservation. In this connection, management would need information
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on what species are rare or which ecosystems are unique, what is the uniqueness of

these species or ecosystems in the international context (endemism) and this

determines if Kenya is an important area for the conservation of these species or

ecosystems, and what human activities or natural processes threaten the survival of

these species or ecosystems and to what extent.

Having selected priority species or ecosystems for conservation, the management

must rank them in their spatial context. For this, management needs information on

those species or ecosystems that are suitable for biodiversity conservation. Such

selection should be evaluated on the basis of whether the species population or

ecosystems is large enough to remain viable in the long term, conservation of the

species or ecosystem is sustainable, and it is possible to regulate human impacts on

the threatened species or ecosystem.

On the basis of the foregoing, it is clear that most of the information required at this

level relates to the distribution and abundance of biodiversity resources, and land

use. A large amount of this information is collected by organizations other than the

KWS, such as the East African Herbarium, Forest Department, Department of

Resource Surveys and Remote Sensing and the Kenya and Marine and Fisheries
" .-~.

Research Institute, among others. In its mission, KWS has entered into collaborative

agreement with these organizations.

2.1.5.2 Regional Level

The priority programmes established at the national level should be translated into

action plans at the regional level. In formulating action plans, regional biodiversity

resource managers require detailed information on where the species or ecosystems

to be conserved occur, what processes threaten their survival, whether these

processes are natural or result from human activity, and how to counteract the impact
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of these processes.

Most of the information required at the regional level is on the distribution and

abundance of biodiversity resources and land use. This information comes from

within KWS (and is collected at the local level) and involves setting up a detailed

inventory of the resources. This information is used to model processes within the

resources so as to gain an insight into the potential and actual threats, assess the

level of threat, and produce and evaluate alternative solutions to these threats. This

information is more quantitative, has a higher spatial resolution than that needed at

the national level and should be highly accurate.

2.1.5.3 Local Level

The action plans produced at the regional level are implemented at the local level

with agreement or support of local communities. Management at the local level

should be sensitive to day-to-day issues on biodiversity resources in order to

respond quickly using primary on-site or internal information. The information

required at this level is on the distribution and abundance of biodiversity resources,

and land use and under different land tenure systems. This information is of high

resolution and is usually used quickly in empirical models. If the goal of measuring

species biodiversity is to understand what processes are influencing diversity, it is

critical to restrict samples to groups of organisms that are likely to be influenced by

the same processes (Huston, 1994). This is possible only at the local level. The local

level also monitors the implementation of different programmes and passes the

information to the regional level, which uses it to evaluate and verify its models. This

information is then generalized and passed on to the national level for use in re-

evaluating biodiversityconservation priorities and policies.
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The description outlined above illustrates that, by structuring problems and specifying at

whatlevel they should be addressed, information of different scales is required to support

decisionsat the different levels in the management hierarchy of KWS. Thus, KWS should

strive,for efficiency's sake, to abstract most of the information from the same survey data

set.

2.1.6 DataCollection

Datacollection (especially spatial data) is in the long term the most expensive activity in

organizationsdealing with biodiversity conservation. Lack of coordination in data definition

andcollection in a large organization can lead to the duplication of efforts and storage of .

largeamounts of redundant data. The use of modem tools, such as GIS, which incorporate

adatabasemanagement system can help eliminate costly duplication and optimize the use

of information available in an organization. However, in an organization like KWS, which

requires information to support decisions at various levels in its management hierarchy,

thereis also a need for a method to acquire and support abstraction of this information from

the database at various scales. Currently, such an information system does not exist nor

does a method for information abstraction. This study aimed to develop and test such a

systemthat could be used in the management of biodiversity resources in Kenya.

2.2 Tools for Managing of Biodiversity Resources

Biodiversity resources today are faced with a diversity of problems both internally and

externally, many of which require different management strategies. The problems are a

resultof a combination of factors related to specific conservation issues, available resources

andtheir use, and local, regional and national development needs and desires. Thus an

effective biodiversity resources management strategy must deal with local issues while

taking into consideration regional and national management strategies. Such a strategy

should incorporate provision of information to support decision making particularly with
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regard to availability of adequate, timely and good-quality data. This should be

complemented by equally good and appropriate analytical tools and techniques. Models

and Geographic Information Systems (GISs) are two of the most important tools, while

modelling is an important technique in biodiversity conservation.

2.2.1 Models and Modelling

Models are simplified abstractions of the real world. Because of the complexity of the

biodiversity resources environment, .resource managers can work with only simplified

abstractions of the real world in a given context. Jorgensen, (1988) describes in detail the

differenttypes of models currently in use. This study was restricted to those models used

as management tools, i.e. management models with the main emphasis on data models.

In solving specific environmental problems, data. models help in identifying the relevant

objects and in describing both their spatial and functional relationships. Such models can

beused to describe events at a given point in time (static models) or over a period of time

(dynamic models), or to predict and forecast future events. Dynamic models are most

appropriate in the management of biodiversity resources. This is because biodiversity

resourcesare dynamic, as they constantly change their structure and functioning as a result

of both human activities and environmental factors.

Data models are products of the modelling process and include maps, tables and

information.Such models are often used to get answers to three questions normally asked

inbiodiversity resource management: what is the state of the green cover (vegetation); what

will be the effect of a certain decision; and how can that effect be evaluated? (Van

Wijngaarden, 1991). The answers to these questions are crucial for effective conservation

of biodiversity.

Theeffectiveness of models in the management of biodiversity resources depends on the

availabilityof reliable information. Information is normally extracted from data and to ensure
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that this information is credible, the data must be reliable and free of errors. This is only

possible if these data are collected in a consistent manner using reliable methods and

techniques.Observance of this condition is crucial in situations where data on biodiversity

resources are being collected for the purpose of monitoring trends. Rules must be

developedto regulate and ensure credibility and consistency in data collection, handling,

integration, storage and information extraction. Currently, such rules are not well defined

andnot able to provide adequate information to support multi-level decision making in the

managementof biodiversity resources in Kenya. The aim of this study defines such rules

andtests them by means of case studies.

2.2.2 Geographic Information Systems

Real-world Objects which are appropriately described by models can be translated into

digital formats that can be handled by a computer. Such objects can be georeferenced.

Consequently, data describing them can be stored, retrieved and manipulated in a

geographic information systems (GIS) to facilitate management decisions.

Overthe last decade, rapid advances in computer hardware and software have led to the

evolution of geographic information systems into a tool that permits the quantitative

assessment of land resources (of which biodiversity is one) over a broad range of spatial

and temporal scales (Johnson, 1990; Burrough, 1986; Haines-Young et al., 1993; and

Bridgewater, 1993). GISs have been variously defined by different disciplines and usually

dependon the context in which they are applied. This study used the definition of GISs by

Molenaar(1991b) as a "special class of information system that handle geoinformation". The

GISs provide a set of tools for capturing, storing, retrieving, transforming and displaying

spatialdata from the real world for a particularset of purposes (Burrough, 1986). An efficient

GIS must be well structured (Fig. 2.2). According to Wintraecken (1987), the four basic

componentsof a GIS are: an information processor (computer hardware), a grammar module

containing rules for system behaviour and reaction to messages from the internal
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environment, an interface that enables interaction with the external environment, and an

informationbase (computer software modules and databases).

Fig. 2.2 Components of a Geographic Information System (modified from
Wintraecken, 1985)
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Theinformationbase stores data on terrain objects and software modules for data analysis

andprocessing. Terrain objects are features, natural and man-made, that are present on the

Earth'ssurface and can be represented in a GIS as conceptual entities defined within the

contextof some mapping discipline (Molenaar and Janssen, 1994). For example, when

mappingland-cover, object classes represent land-cover types. Terrain objects may have

discreteboundaries that can easily be placed on a map, for example, agricultural fields, or

nondiscrete boundaries (fuzzy boundaries), for example, in natural vegetation where the

differentvegetation types conform to an environmental gradient. In this case, the object

classesrepresent the products of the environmental gradient. In the information base, data
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onterrainobjects are organized in a database. A database is essentially a repository for the

collection and arrangement of interrelated and non-redundant data, (ie, data that are not

duplicated), that can be shared by different users as a source of information for decision

makingin different contexts.

A database consists of data in many files 1. The data have to be organized in such a

mannerto ensure that they are readily accessible to different users and can be regularly

maintainedand updated. It is therefore necessary to develop a mechanism to organize the

data in the database, i.e. a database structure. Initially, three main kinds of database

structureswere commonly recognized. These are the hierarchic", network and relational

database structures. More recently a fourth database structure, the object-oriented

database structure has evolved. This study focussed on the object oriented data

structure. Extensive reviews of the other three database structures can be found in

Burrough(1986), Date (1995) and Hawryszkiewycz (1991 ).

Managersof biodiversity resources, need to know available resources and where they are

locatedat anyone time. GISs are an appropriate tool for providing them with such information.

The provisionof informationto support decisions in the management of biodiversity resources is

athreestageprocess:determination of the data required to provide information, data collection

andabstractionand storage. A conceptual frame work for this process is discussed in the next

section.Concepts involved at each stage are discussed in the next chapter.

A file is a collection of related information in a computer that can be
accessed by a unique name.

2 A hierarchic database structure is a method of arranging computer files or
other information so that the units of data storage are connected by a
hierarchically defined pathway (Burrough, 1986), while a network database
structure is a method of arranging. data in a database so that explicit
connections and relations are defined by links and pointers of a many-to-
many type, and a relational database. structure is a method of structuring
data in the form of sets of records so that relations between different entities
and attributes can be used for data access and transformation.

32



2.3 Conceptual Framework

Figure2.3 illustrates the conceptual framework for this study. Bi.odiversity resources in

Kenyaare managed at three hierarchical levels (local, regional, and national). Information

is essential to support decisions for their effective and efficient management. This

informationhas to be extracted from data on the resources. Information to support

decisionsat the three levels of management can be extracted from the same database if

tt is well structured. Once decisions have been made at the different levels, they are

implementedand there has to be a mechanism to evaluate the impact of management

interventionson the resources. The results from the evaluation could be positive or

negative.If negative, then there would be a need to develop alternative decisions. More

informationwill be required. This wouJd have to be extracted from data held in the

database.These data might not be adequate hence there will be a need to collect more

data.The system developed here has to evolve through a series of refinements and feed

backmechanisms until it is able to support the sustainable management of biodiversity

resourcesin Kenya.
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Chapter3 Methodology for Design of the Object-Oriented Decision

Support System

Thischapter deals with methodologies and related concepts employed in this study. These

methodologies and concepts were used in the design of an object-oriented biodiversity

management decision support system. The sections which follow give details of these

approaches.

3.1 Defining Required Information to Support Biodiversity Resources

ManagementDecisions
I .

Oneof the aims of this study was to design an information-abstraction structure for multi-

level management decision support in biodiversity conservation. To do this, there was

needto define the different levels at which management decisions are made, what type

of decisions are made, and what data is needed to provide information to support these

decisions. For this definition, two concepts were applied: the concept of biodiversity

resourcesas a system and the concept of structured system analysis.

3.1.1TheConcept of Biodiversity Resources as a System

A system is a set of inter-related elements (Ackoff, 1971). All systems have a goal or

purpose that defines what they are supposed to do. Structurally, each system has a

boundary that separates it from other systems with which it relates (Fig. 3.1). This

boundaryis defined when we describe the system. Those systems outside it, with which

it relates are referred to as the environment of the system. A system may be subdivided

into a number of subsystems, each with a specific function. The different subsystems

interact in an attempt to achieve the overall goal of the whole system (Ackoff 1971;

Hawryszkiewycz, 1991).
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Fig. 3.1 A conceptual View of a System

Thisforms the basis for the principles of feedback and monitoring that define the system's

behaviour. Systems are either natural or artificial. Biodiversity resources fall under the

natural systems category. Natural systems are usually complex, with hard-to-define

boundaries;to describe and manage many of these systems, artificial boundaries usually

haveto be defined on the basis of given criteria. For management and conservation of

biodiversityresources, a management hierarchy based on spatial objects is used to define

the boundaries of the system. Using the concept of levels of organization (i.e. species,

population, community, ecosystem, biome) as a criterion, biodiversity resources can be

described.This approach provides information to support management decisions at the

different levels in the management hierarchy.

Systemsexchange information with their environment, both influencing the environment

and being influenced by it. This influence can have positive andlor negative effects.

Biodiversityresources as systems have an influence on the surrounding areas. Similarly,

thesurrounding areas have influence on the biodiversity resources.
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3.1.2 Concept of Structured System Analysis

Oneof the aims of this study was to design a computer-based structure that would provide

informationto support management decisions for biodiversity resources in Kenya, i.e. a

biodiversityresources information system. Biodiversity resources therefore constitute our

system.Building of a computer-based information system involves three phases: analysis,

designand implementation (Hawryszkiewycz, 1991). In the analysis phase, the emphasis

is on understanding the structure and functioning of the system under review. In this

regard, there is need to define the set of inputs that go into the system and the set of

outputsthat go out of it, and the set of processes which convert the inputs into outputs.

Thereare several generalized methodologies for analyzing a system. These include: the

systems approach, the planning approaches, prototyping, structured methodologies,

amongothers. These methodologies employ different techniques and tools. An extensive

reviewof the different methodologies is found in Avison and Fitzgerald, (1988). This study

uses the structured system analysis methodologies which are based on functional

decomposition, ie, the breaking down of a complex problem into manageable units in a

disciplined way (Avison and Fitzgerald, 1988). Some of the techniques and tools

associatedwith structured system analysis that were used in this study include: functional

decomposition, decision trees, data flow diagrams and Computer-Assisted Software

Engineering (CASE) tools.

Decision tree consist of a series of nodes (see Avison and Fitzgerald, 1988). At each

node, two or more actions can be taken, and decision rules have to be applied to

determinewhich of the actions should be taken. When constructing a decision tree, the

problemis stated in terms of conditions (possible alternative SOlutions) and actions (things

todo).Decision tree usually follow a stepwise refinement process, breaking up the largest

condition into basic conditions until a complete tree is formulated. Decision trees are

centralin the taxonomy and mapping (classification) of plant biodiversity resources.
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Data Flow Diagrams (DFD) provide a technique for modelling system components, ie,

processes,data used and produced by these processes, any external entities that interact

with the system, and information flow. These components are usually represented by

symbolsin the DFD. The four basic symbols (Fig. 3.2) of a DFD are:

(1) The terminators: these are sources of data from other subsystems inside and

outside the organization. They also serve as external depositories or sinks for

information produced in the subsystem.

(2) Data flows: these show in which direction the data are moving. They may also show

subsets of data contained in a terminator.

(3) Processes: these show the functions in which data are being used or produced.

(4) Data stores: these represent depositories for the data produced. They may store

permanent data or transitory data to be used in the next process.

o _~<F~~'

Cl DATASTORE

-~--7) DATAFLOW

Fig.3.2 Symbols Used in Data Flow Diagrams (DFD) ((Avison and Fitzgerald,
1988)

Inthis study, DFDs are used to analyze the management of biodiversity resource systems

in Kenya by KWS.

Thecurrent trend is to support the system analysis process by means of automated tools,

generallyknown as CASE tools. These serve two purposes: to provide documentation and

toassist in the analysis. Most CASE tools pertain to documentation support, or the storage
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of infonnationand models created during the analysis process. The Systems Workbench

(SDW (Cap Gemini, 1991)) was used in this study as a CASE tool in the analysis of the

biodiversity resources management system.

3.1.3 Linking Structured System Analysis with the Biodiversity Resources Concept

As explained In section 3.1.1, biodiversity resources represent a system that is complex

but also has a structure. Effective conservation including assessing the impact of

management intervention requires a clear understanding of this structure and the

functioning of these resources. That understanding is achieved through a systematic

analysis of biodiversity resource systems and their management structure. Structured·

systemanalysis provides an appropriate methodology for carrying out such an analysis.

UsingDFDs, the system can be partitioned (or structured) into subsystems of desirable

sizeso that their structure and functioning, and thereby that of the whole system can be

moreeasily understood. It was deduced from literature that the management of biodiversity

resourcesinvolves different hierarchic levels; each level requiring information at varying

levelsof detail to support management decisions. The DFDs provide a suitable technique

to abstract for levels of detail required. In other words, it is possible to examine the

managementof biodiversity resources in overview (national level) and at a detailed level

(local),whilst maintaining the links and interfaces between the different levels.

3.2 Sources of Biodiversity Data

Theconcept of biodiversity resources implicitly refers to space on the Earth's surface, and

these areas can be mapped according to any given map projection. Their management

thereforedepends to a large extent on geographic data, that includes information on both

plantand animal resources. Methods used to acquire these data are described in the next

twosections of this chapter.
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3.2.1 Source of Plant Biodiversity Data

Dataon plant resources was collected at three spatial scales depending on their source

(i.e.remotesensing, aerial photographs and ground surveys). These sources of data are

describedin more detail in the following sections.

(a) Remote Sensing

Remotesensing is the source of data at the highest level. Remotely sensed digital satellite

dataand spatial analysis techniques provide timely and relatively inexpensive information

on plant biodiversity resources. Because of their high spectral resolution, these data

providea broad view of terrain objects, and in vegetation mapping it is possible to identify

generalvegetation types. In recent years, computer-aided classification of satellite digital

datahas proved useful for inventorying and monitoring vegetation cover over large and

varied landscapes (Tucker et al., 1985; Cibula, 1987; Franklin and Hiemaux, 1991;

Niemann,1993; Huising, 1993; Janssen, 1994). In mapping vegetation, satellite data are

dig~allyclassified on the basis of the spectral characteristics of the image. The classes are

then assigned labels that represent different vegetation types. However, data quality in

terms of reliability and accuracy is sometimes unsuitable for certain management

applications. It is sometimes difficult to identify classes on the basis of their spectral

characteristics, resulting in misclassification and the lower overall accuracy of the

information extracted, especially in areas of very pronounced relief variation (Franklin,

1989).Overall accuracies have varied from 50% to 90%, depending on topography, land

covertype, classification hierarchies and image acquisition date (Shimoda et al., 1988;

Niemann,1993; Jansen et at, 1990). Anuta (1977) and Hutchinson (1982) concluded that

spectrardata alone are inadequate descriptors of many terrain phenomena and must be

augmentedfrom other information sources.
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Thereare several ways to improve information extraction from satellite data for land cover

mapping.One of the most promising approaches is the integration of remotely sensed and

ancillary data using spatial analysis techniques. Ancillary data can be incorporated in

imageclassification during: pre-classification scene stratification, post-classification sorting

anddassification modification through prior probabilities (Hutchinson, 1982). This involves

humanintervention and judgement, and the effects are reflected in the overall accuracy

ofthefinal land cover map, which determines its usefulness in a given context. Ancillary

datacan be used to improve land cover classification accuracy only if their relationship

with an image class is known. Most of these data are readily available in the form of

thematicmaps such as soil, topography, geology and climate.

Variousstudies have applied the three approaches of incorporating ancillary data with

varyingresults. Middelkoop and Janssen (1991), using ancillary data and knowledge as

priorprobabilities in a knowledge-based classification of satellite images, obtained an

improvementin the overall accuracy of 4% to 20% with respect to results based on only

spectralinformation. Niemann (1993) integrated thematic mapper (TM) data, a digital

elevationmodel (DEM) and locational information data in land cover classification, and the

resuHsindicated that TM data with ancillary data are not adequate to generate the results

desiredin an old-growth forest inventory. For this study, Niemann used 11 features: seven

TM bandsand four extra bands of ancillary data. Benson and DeGloria (1985) used expert

knowledgefor the visual interpretation of TM data to discriminate different land cover

types,and obtained a low overall accuracy of 56% compared with the minimum

classificationaccuracy of 85% that was considered acceptable for the study. Kenk et al.,

(1988) assessed three approaches for improving classification accuracy, and concluded

thatthebest results were obtained by using a combination of three spectral bands; beyond

that,thechoice of bands had no significance. The use of ancillary data (elevation, slope,

aspect,forest cover) as extra bands in digital image analysis only marginally improved the

11 accuracy. The use of context techniques yielded a more acceptable map product

ecologically significant boundaries.
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Several methods of image analysis and pattern recognition are available. The

mathematicalbasis is well established and examples are provided by Mather (1987) and

Swainand Davis (1978). A detailed overview and an update of recent developments in the

methodology of pattern recognition analysis and knowledge-based classification is

providedby Argailas and Harlow (1990). The methods use different algorithms to assign

individualpixels to different classes. Among the more commonly used algorithms are the

maximum likelihood, minimum distance and Manahobilis distance classifiers. The

maximumlikelihood classifier was used in this study (see Strahler, 1980).

(b) Aerial Photographs

Informationon general vegetation types extracted from digital remotely sensed data forms

thebasisfor desegregating terrain objects for more detailed study at a lower level. Here,

data are obtained through the interpretation of aerial photographs. Aerial photographs

havea higher spatial resolution than satellite images, making it possible to identify more

specificvegetation types, because of the direct relationship between spatial and thematic

resolutions,i.e. the higher the spatial resolution, the better the thematic resolution. Aerial

photo interpretation is a less intensive technique, in comparison to ground surveys

discussedbelow, but involves greater uncertainty because of reliance on subjective rather

than.quantitative assessment. Subjective assessment makes the photo interpretation

techniqueless repeatable and of limited use in monitoring (Pickup and Chewings, 1994).

(e) Ground Surveys

Dataat the lowest level are obtained through ground surveys, and help to define specific

vegetation types. Although more accurate, ground surveys are slow and expensive

becausemany locations must be sampled to represent the diversity of many landscapes.
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Ateachlevel of data abstraction, the Earth's surface is stratified into regions that fall under

specificclasses sharing the same descriptive structure. Problems common to each class

canbe identified and solutions sought. Each level of data abstraction is therefore useful

in defining a context for further detailed studies at the lower level. To extract optimal

infonnationfor decision support in biodiversity conservation, all levels of data acquisition

must be viewed as complementary. With a GIS, it is possible to integrate data from

differentsources as demonstrated by Janssen, (1994); Molenaar, (1994); Trotter, (1991);

Milchalak,(1993).

This study used data from the three different sources after integrating them in a GIS

environment. Ground truth data used in land cover mapping (Chapter 7) was collected

usingprocedures described in the following paragraph.

Groundreference data, for training statistics and accuracy assessment, were obtained

throughfield observations in April and June to September 1994. These data were used to

defineland cover classes in the study area. A total of 150 sites were visited between June

andSeptember 1994, ensuring that all cover classes were well represented. However the

number of sites in each class depended on geographic extent and accessibility. The

position of each site was recorded in the Universal Trans Mercator (UTM) coordinate

systemusing a Global Positioning System (GPS).

TheBraun-Blanquet technique was used in sampling, which involved ocular estimates of

thepercentage cover of three vegetation strata: herbaceous plants, woody species below

2 m and woody species above 2 m in height (Braun-Blanquet, 1964). The sites were

clusteredusing Twinspan (Hill, 1979), and the information was used to define land cover

classesbased on the ITC world land cover and land use classification system (Zonneveld,

1988),and land cover types using interpretation rules. The number of classes defined for

landcoverclassification is context-dependent and they have to be distinguished spectrally

fromremotely sensed data.
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3.2.2 Source of Animal Biodiversity Data

Thereare two main sources of animal biodiversity data: using systematic reconnaissance

flightsand through ground surveys. Each of these are explained below:

(a) Systematic Reconnaissance Flights

Systematic Reconnaissance Flight (SRF) is a sampling technique for quantifying the

spatialdistribution of large,animal resources through a combination of visual observations

andoblique photography from low-flying, high-wing light aircraft (Norton-Griffiths, 1978).

Theaircraft flies parallel transects (flight lines) across a study area. Visual observations

ofanimalresources are recorded continuously along the length of each transect, but are

divided into successive 'sub-units' on the basis of lapsed distance (e.g. 5 km). The key

characteristic of SRF method is that it delivers a set of data points each of which is geo-

referencedmaking them suitable for representation in a GIS.

SRFis typically carried out within the framework of a sampling grid. The UTM grid system

iswidelyused for such sampling frame, for it is a world-wide standard grid system which

isprojectedonto many maps (Clarke, 1986). Each subunit is assigned to an individual grid

cell, and each grid cell contains a unique set of subunits. The grid cells within an SRF

surveyarea have three important uses: they provide standard location information, they

providevery convenient mapping units, and they can be used to standardize maps and

thematic information, and for representation of data in a GIS. Animal resource data

acquired through SRF were used in this study to implement the data structure that was

developed.
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(b) GroundSurveys

Groundsurveys are used to acquire detailed information including those on population

structureand dynamics, genetic composition, energy flow, etc. These surveys are also

usedto acquire data on animal resources that can not be seen from the air. Data on

animal resources is collected at either sample points or from sample plots that can be

georeferencedthus making them suitable for representation in a GIS.

3.3 Abstraction Concepts used in Biodiversity Resources

Collected biodiversity resources data should be represented in a database to provide

informationfor management decision support. Since most of data on biodiversity resources

canbe geo-referenced, it is suited for a GIS database. A GIS is a spatial database that can

representreal world objects from the management of biodiversity resources point of view.

The design of such a database involves three stages: The first stage involves the

conceptualization of reality in a data model, i.e. the conceptual data model. This is a

processof conceptual data modelling. There are two approaches to conceptualizing the

'realworld': the field-based, and the object-based approaches. The field-based approach

conceptualizes'reality' as space composed of a collection of spatial units in which thematic

dataare recorded for each unit, while the object-based concept views reality as space

filledby terrain objects (Ehlers et ai, 1989; Goodchild, 1992; Kufoniyi, 1995). This study

usedthe object-based concept and was restricted to three domains: what biodiversity

resourceswere present (terrain objects), where they were located (location), and at given
-i

point in time (time). To simplify the abstraction process, the time domain will be pre-

determined(wet or dry season) and the location and the different biodiversity resources

will be observed. The second stage involves the transformation of the conceptual data

modelinto a logical data model (i.e. database structure) for representation in a computer,

whilethe third stage involves the design of a file structure for the storage of the structured

datain a computer.
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Inthe object-based approach to conceptualizing reality, terrain objects (e.g. biodiversity

resources)are analyzed on the basis of their geometric (spatial) and thematic (non-spatial)

aspects. The former comprises of topology, shape, size and position while the latter

indicatesthe non-spatial attributes of the objects.

Thetraditional approach to conceptual data modelling has been to use a semantic data

modellingtechniques (e.g. Entity Relation (ER), Chen 1976) and later its extended form,

the Extended Entity Relationship (EER) (Hughes, 1991), to formalize the non-spatial

componentof the objects. The geometric components are then formalized based on the

preferredform of representation, whether vector (in which the individual object (entity) is

the basic data unit for which spatial information is explicitly recorded) or tessellation

(wherethe basic unit is a unit of space for which entity information is explicitly recorded

indigitalform). The geometric and thematic structures would then be linked by a common

objectidentifier.

A suitable logical data model (database structure) is required to organize data for

subsequent representation in a computer after formalizing the conceptual data model.

Before the advent of GISs, the relational data model was the most widely accepted

structure among the three traditional database structures (network, hierarchical and

relational).This was because of its simplicity and the availability of a standard language

(theStructured Query Language, SQL) for the manipulation of the database -in contrast

to the other two. Consequently, many commercial relational Database Management

Systems (DBMS) are available (e.g. dBASE, Oracle, etc). However these conventional

DBMS are more suitable for the management of thematic data such as business

application (Kufoniyi 1995). Thus in GIS applications, the thematic data are often

represented by a relational structure, while the geometric data are represented in a file

implementation of a topographic structure. By using the relational structure to organize

spatial data in a database, we are often forced to decompose data concerning a single

spatialobject into different structures. For example, thematic data may be organized in a
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relationalstructure and geometric data in another structure. Consequently two different

DBMS may be required for the same object. This is not the most efficient way of handling

spatialdata and that is why in recent years, a lot of research has gone into defining a new

approachfor a unified representation of all components of an object in a spatial database

(Hughes,1991; Egenhofer, 1992; Date, 1995). This new approach, called 'object-oriented'

datamodelling, has been advocated for spatial applications whereby real world entities

andtheir properties are modelled as objects in order to support the treatment of complex

(geometric)entities (Kufoniyi, 1995). The product of such an approach is a data model that

canbe represented in a GIS. Such a data model, based on the Formal Data Structure

(FDS) defined by Molenaar (1989a, 1989b and 1991a), is presented in this study. The

advantageof the FDS is that it is formulated at an abstract level without reference to any

particular database model. The FDS also represents an object-based approach to data

modelling.This approach has distinct advantages for biodiversity management.

3.3.1 Formal Data Structure

TheFDS is a combination of object and topologic models. Their basic philosophy is that:

all terrain objects can be classified as point, line or area objects, each terrain object

consistsof geometric data, each terrain object consists of thematic data, and each terrain

objecthas a unique identifier in a GIS (Fig. 3.3).
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Fig. 3.3 Basic Structure for Representing Terrain Objects in a GIS

The FDS has been developed for single-valued vector maps in which classes form a

thematic partition and objects form a geometric partition. To model the thematic

components of objects, the terrain objects occurring in a vector map are grouped into

severaldistinct classes according to their thematic characteristics. Each class has an

accompanyinglist of attributes and a unique identification label. The FOS supports a class

hierarchyin which classes that have common attributes are grouped into a superclass.

In the model, the geometric partition consists of data on three independent aspects:

topoloqy, shape and size, and position. This geometric data-set has been carefully

structuredin the FOS, leading to a semantically-rich, query-oriented and expendable data

model in which information on topology, shape and size, and position can be retrieved

(Molenaar, 1991 a, Kufoniyi, 1995). This characteristic of the FOS is very valuable to

biodiversity resource managers who need to know what type of resources are available

andtheir spatial extent.

3.3.2 Object-oriented Data Modelling Concepts

Thereare five main object-oriented modelling concepts (i.e. modelling constructs): object
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identification,classification, generalization/specialization, aggregation, and association.

The last four are abstraction mechanisms. There are five other concepts (inheritance,

propagation, encapsulation, persistence, abstract data types, polymorphism and

overloading) that relate to the implementation of the object-oriented data structure).

Howeverthese are beyond the scope of this study and will not be discussed further. The

mainconcepts of object-oriented modelling used in this study are discussed below.

(a) Object Identification

In object-oriented modelling, all conceptual entities are modelled as objects (Hughes,

1991,Worboy, 1992, Kufoniyi, 1995), with each object having a unique identity. An object

hasa 'state' and 'behaviour'. The state of an object is defined or described by properties

orattributes,but unlike in a relational structure, such properties are not restricted to non-

decomposable data types and may in fact be objects themselves. The behaviour of an

objectis defined as a set of procedures that are encapsulated with the properties of the

object.For example if we take the object plant community in biodiversity resources, then

its properties include community name, structure, dormant plant species, rare plant

species,other plant species, conservation status, etc. Its procedures include fragmentation

(breakinto smaller units), conservation, destruction, harvesting, etc. These properties and

proceduresare built into the definition of the property. The identity of an object should be

immutabledespite changes in its properties.

(b) Classification, Classification Hierarchies and Generalization/Specialization

Theprocess of classification is central to the object-oriented approach and involves the

groupingof objects with similar properties and behaviour into object classes. Classification

can be defined as the mapping of several objects (instances) to a common class

(Egenhofer and Frank, 1989). It is often referred to as the 'instance of relationship

becausethe individuals are instances (occurrences) of the corresponding class (Fig 3.4)
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illustrates this relationship. This class structure, encompassing both properties and

behaviour,is the natural unit of abstraction in object-oriented systems and may be used

tomodelboth entity objects and relationship objects (Hughes, 1991).

CLASSlFICATIOH
HlERARCHV ATTRIBUTES

s is a value of S
a is a value of A

Fig.3.4 The Hierarchic Relationships between Objects, Classes and Attributes
(Source: Molenaar, 1994)

Biologistsclassify biodiversity resources into a widely accepted hierarchical system that

reflectsevolutionary relationships among the organisms. In ascending order, the main

categories (taxa) in biodiversity resources are: Species, Genus, Family, Order, Class,

Phylumand Kingdom. Classification also forms the basis for mapping vegetation i.e. plant

biodiversity resources. Areas with similar species combinations are given the same

vegetation type label. The central role played by the classification concept in defining

biodiversity resources makes it a suitable abstraction mechanism in the conceptual

modellingof these resources.

Above, it has been shown that decisions related to the management of biodiversity

resourcesare made at three levels (national, regional and local). The different levels in

thedecisionmaking hierarchy represent different decision making contexts. Each of these

requiredifferent levels of abstraction of information. The use of classification hierarchies

(discussedin this section) and aggregation hierarchies (discussed in section c, below) in
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conceptualizing reality (i.e. terrain objects), makes it possible to obtain information from

thesame database, that will support management decisions at the different levels.

Terrainobjects occur at the lowest level in the classification hierarchy and are regarded

aselementary objects within the thematic field represented by the classification system

(Molenaarand Janssen, 1994). Thus terrain objects with similar thematic attributes can be

groupedinto discrete classes. Each class will have its own thematic attributes, and classes.

withpartly the same thematic attributes can be grouped into a more general class at a

higher level called 'superclass'. The final classification can consist of any number of

hierarchic levels and, at each level, the classes inherit the attribute structure of the

superclassabove and propagate it with an extension to the lower level (Richardson, 1993;

Molenaarand Richardson, 1994).

Insemanticmodelling, the upward links of the classification hierarchy are labelled 'IS_A'

links(Oxborrow and Kemp, 1989; Hughes, 1991; Molenaar and Richardson, 1994) and

representa form of thematic generalization. This is an abstraction mechanism that

providesviews of the same geographic space in different levels of detail. At a lower level,

aclassmay be decomposed into other classes called 'subclasses'. These are object types

whichshare all the thematic attributes of another class (superclass) but which also process

morespecific thematic attributes not shared with the superclass. They therefore represent

a'specialization'of the superclass. Specialization is the converse of generalization. In this

abstractionmechanism, the class inherits the attributes of the superclass and the subclass

inheritsthe attributes of the class plus those of the superclass. Fig. 3.5 illustrates the

conceptsof classification hierarchy and generalization/specialization using biodiversity

resourcesas an example. On the basis of specific characteristics, biodiversity resources

canbe classified as being either vegetation or animal. Based on their origin, each

vegetationcan be classified further into either natural or planted vegetation. At a lower

level,natural vegetation can be classified into forest, woodland, bush land or grassland

usingstructureas a criterion. A step further down the hierarchy, forests can be classified
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intoforest communities based on their species composition. A similar classification can

alsobe applied to woodland, bush land and grassland.

Dependingon the context in which the classification is being done, additional lower levels

inthehierarchy can be defined. In this thesis, this concept of classification hierarchies was

appliedto map land-cover using ancillary and digital satellite data.

ATTRIBUTES CLASSIFICATION
HIERARCHY

SUPERCLASS
t---------iABSTRACTlONS

SUBCLASS
ABSTRACTIONS

SUB-SUBCLASS
ABSTRACTlOHS

ATTRIBUTE VALUES f-----I:::::::
a. b. c, d

--------------l TERRAIN OBJECT

a is a ualue of' A
b Is a ualue of' B
c is iI ualue of C

d is a ualue of' D

Fig.3.5 An Example of a Classification Hierarchy in Biodiversity Resources

(c) Aggregation Hierarchies

Aggregationis an abstraction mechanism used for modelling composite objects whereby

severalobjects are combined to form a semantically higher-level object (Kufoniyi, 1995).
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This results in the formation of an aggregation hierarchy that may have several levels.

Each constituent object of the aggregation has its own properties and operations, and the

operationsof the aggregate are not usually compatible with the operations of the parts.

Fig. 3.6 illustrates how aggregation can conceptualize biodiversity resources for

representation in a GIS. The objects biodiversity resources B11B2 and B; are all parts of

theobjectlocal biodiversity resource B, and the objects biodiversity resources E1 and En+1

areall parts of the object biodiversity resources E. Biodiversity resources A,

:1111~~_il~III!+---------C:~~E

I I

-PAJ_OF

.·:Gi::.:·~:·.m:·H;:·mig~··
·•••~ct$.n· •.'

t

I I

Fig.3.6

I

Biodiversity Resources Composite Object Hierarchy showing the
"PART_OF" Relationship between Elementary and Composite Objects

·:REGitili¥tE'iiJoomStfi: aJ1PmITE••:·.·.·•.•.•·.I.·.::;!i.i .•·•.!:!!.:••••!!••I+--- OBJECTS

JPARl-OF

I

B, C, D and E are therefore composite Objects that at a different level of abstraction form

I
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theelementaryobjects of the regional biodiversity resources composite object. The same

relationship is repeated between the regional biodiversity resources and the national

biodiversityresources. The composite object normally inherits the attribute values of the

elementaryobjects.

The national biodiversity resources contain not only attributes that define the name,

distribution, status, etc., of each biodiversity resource, but may also contain pointers or

referenceto a part of the database containing the full definition of their elementary objects,

Le.regional biodiversity resources (Fig.3.6). These in turn may contain the full definition

of their elementary objects (local biodiversity resources). The same relationship occurs

betweenthe local biodiversity resources and individual biodiversity resources. In semantic

modelling,the upward links of the aggregation hierarchy are labelled 'IS_PART_OF' links

(OxborrowandKemp, 1989; Hughes, 1991; Molenaar and Richardson, 1994) because the

constituent objects are part of the aggregate. In the inverse relationship, the downward

linksare labelled as 'CONSISTS OF', i.e. the aggregate consists of the constituent object.

Conceptually, there are differences between aggregation and classification hierarchies.

In classification hierarchies, objects at a lower level of abstraction always inherit the

attributesof classes and superclasses at the higher levels of abstraction. In aggregation

hierarchies,objects at a higher level of abstraction inherit the attributes of objects at lower

levelsof abstraction. Despite these differences, it is still possible to define a general

indirect relationship between aggregation and classification hierarchies by which a

separate classification structure can be defined for every type of composite object

(Huising,1993). Elementary objects can be classified into classes and superclasses (Fig.

3.7). The same elementary objects can be aggregated to form composite objects that can

intum be aggregated to form other composite objects at a higher level. At each of these

levels, the composite objects can also be classified into different classes and

superclasses.
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Fig.3.7 Relationship between Aggregation and Classification Hierarchies (after
Huising, 1993)

3.4 Dynamics of Biodiversity Resources and their Implications for the Biodiversity

Information Model

Section2.2.2 showed that GIS is a tool that can be used in storing spatial data on

biodiversityresources in the form of terrain objects. Due to human population activities and

naturalecologic processes, the internal structure and spatial extent of biodiversity

resourcesis constantly changing. Consequently, terrain objects stored in a GIS have to

beupdated on a regular basis if they are to maintain a valid representation of the real-

worldfeatures. This means that geometric and/or thematic data for elementary objects

needto be updated while for composite objects, a redefinition of the aggregation structure
)
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is required (Molenaar and Janssen, 1994). Distribution and abundance', are the most

importantdynamic aspects in biodiversity resources that have implications for updating

andmaintenance of a biodiversity resource information system. These implications are

illustratedin the following examples:

(i) Changein Thematic Characteristics

Severalfactors may cause the abundance of one or more wildlife species in an eco-unit

to increase or decrease. Similarly, land cover in part of an eco-unit may change from

naturalvegetation to small-scale farms due to human encroachment. This change also

resutsin a change in land use. The attribute table in the biodiversity resource information

systemhas to be updated to reflect these changes.

(ii) Changein Geometric Characteristics and Aggregation Structure

Figure3.8 illustrates changes in geometric characteristics and aggregation structure that

occurin biodiversity resources. Change in land cover due to change in land use (e.g.

conversionof natural vegetation to agriculture) leads to change in the distribution of plant

biodiversityresources in a given eco-unit (Fig. 3.8 -b). This results in a change in the

geometric characteristics (size and shape) of the terrain object with no topologic

implications.

Distribution is used here to refer to the area occupied by a given plant or animal
population or species and Abundance is used to refer to a measure of the population
or species present in an area ..
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Fig.3.8 Changes in Geometrical Characteristics and Aggregation Structures of
Biodiversity Resources

57



Continuedhuman activity (encroachment) can lead to fragmentation of the area under

naturalvegetation into several patches and the creation of new boundaries (Fig. 3.8 - c).

Managementintervention at this stage can lead to rehabilitation of the natural vegetation

andthe merging of several small patches of natural vegetation to form a single large patch.

Severalboundaries are dissolved as a consequence (Fig 3.8 - d). In this example,

elementaryobjects are defined by the distribution of the different biodiversity resources

andthe eco-units are the complex objects ( Fig. 3.5). The two changes described above

therefore constitute changes in aggregation structure that have to be updated in the

biodiversityresource information system. However, in a different application context, the

eco-unitcan be defined as an elementary object. For example, if as a result of scientific

investigationcertain biodiversity resources in a region are identified as being in danger,

theeco-units (i.e. protected areas) have to be established for their conservation (Fig. 3.8

-e and f). In this case, the region is the complex object and changes within the eco-unit

resultin changes only in attribute values.

Insection3.3.2 c it was noted that composite objects normally inherit the attribute values

oftheirelementary objects. Consequently, a change in the aggregation structure can result

inchangesin the geometric and thematic attributes of complex objects, and geometric and

thematic attributes of complex Objects can be derived from the attribute values of

elementary objects once the relationship between elementary and complex objects has

been established. To determine change in aggregation structure, the boundaries of

complexobjects must be stationary while those of elementary objects change.

Thescale level of an application therefore determines which boundaries will be stationary

andwhich can change. For example, at the local level the eco-unit constitutes a complex

objectand therefore its boundaries are stationary while those of distribution of biodiversity

resourcescan change (see Fig. 3.8 a-d). But at a higher level of application context, the

region becomes the composite object with stationary boundaries, while the eco-unit

becomesthe elementary object with non-stationary boundaries (see Fig.3.8 e and f).

Change in position, shape and size including topology are illustrated in fig 3.9. The dry
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season,animal biodiversity resources tend to concentrate near water sources (Fig. 3.9-

a)and are more dispersed during the wet season (Fig. 3.9- b)

Fig. 3.9

DRY SEASON (..JETSEASON

Second type of Change in Geometric Characteristics of Biodiversity
Resources
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Oneof the aims of this study was to define relevant terrain objects in biodiversity resource

managementand to establish the relationships between elementary and complex objects.

This should facilitate the optimization of data collection for inventory and monitoring of

change in biodiversity resources by deriving geometric and thematic attribute values of

complexobjects from the geometric and thematic attribute values of elementary objects.

Optimizationof data collection will contribute to economies in the KWS operations and in

theoverall effectiveness of the supporting information supply system.
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3.5 Need and Benefits of a GIS in Biodiversity Resource Management

Theneeds and benefits of a GIS in biodiversity resources management are:

(a) GIS Functions and Capabilities

Thecontext in which a GIS is used as a management tool depends on the discipline in

whichit is being applied. The effectiveness or benefits of GIS technology in biodiversity

conservationshould be assessed in terms of its functionalities and capabilities. Dickinson

andCalkins (1988) defined the major functions of GISs as being:

display of geographic data,

query of database for specific facts,

map analysis with reference to a problem or problems, and

spatial modelling, including spatial statistics, for broad analysis of geographic

data.

Thecapabilities include:

providing a general capability to support an ongoing decision process,

identifying and describing spatial patterns,

providing a complete spatial referencing system for an area (e.g. automated

system to produce printed maps),

finding the solution to specific problems or needs, and

compiling a complete spatial database for a specific area or region.

(b) The Need for GIS as a Management Tool by the KWS

Theprimaryresponsibility of the department of biodiversity in KWS is the management of
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spatialinfonnation on biodiversity resources. This involves dealing with all matters related

totheacquisition, processing, storage, communication and use of geographic information.

Giventhe nature of its responsibilities, the department in particular and the organization

ingeneral should take advantage of the now widely recognized potential of a GIS as an

appropriatetool for the capture, storage, analysis and display of spatial information.

(e) Benefitsof a GIS to KWS

Inassessing the benefits of a GIS for the Kenya Wildlife Service, the fundamental issue

iswhetherthe new technology wi 11increase the capacity of the organization to effectively

andefficiently meet its objectives. In considering effectiveness, it is necessary to consider

what impact the new technology will have on the processes and functioning of the

organization,while in considering efficiency one should examine whether the technology

will contribute to maximizing the ratio of output to input by the organization. In essence,

whatis needed is a cost-benefit analysis of introducing GIS technology in an organization.

However,the traditional approach to such an analysis is not appropriate in this case

becausewe are dealing with an open-ended system. It is possible to identify benefits of the

newtechnology but not easy to express them in financial terms. Although the initial costs

ofa GIS are relatively easy to assess and are generally up-front, benefits are difficult to

measureand usually arise well into the life of the system. Based on the analysis of the

processesand functions of KWS, several areas that could benefit from the GIS have been

identified.The type of benefit is indicated in brackets:

(i) Data Management [Effectiveness and Efficiency]

Spatialdata collection is one of the most expensive considerations in many organizations.

Thesedata generally have a long life span and need to be kept in an archive and

maintained;this is an added cost. Data required for biodiversity conservation are acquired

atthreescale levels (satellite, airborne and ground truth). These data are used by KWS
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at all management levels (national, regional and local). To maximize data usage (by

sharing)and to minimize on cost of data collection, KWS needs a tool that can integrate

multi-source and multi-scale data and make it available for decision making at different

levels in its management hierarchy. GIS is one such tool that can benefit KWS in this

respect.

A data model is usually required for organizing spatial data in a GIS. Such a model is

derivedthrough semantic data modelling. During this process, entities and their semantics

areidentified.The resulting data model ensures that there is no duplication of entities. An

object-basedapproach to data modelling makes it possible to generalize data acquired at

a lowerlevel for use at a higher level in the management hierarchy. GIS therefore provides

atoolthat enables efficient data sharing and thus minimizes cost of data collection. Since

theefficiencyof data collection is maximized, staff will have more time for data analysis and

actualbiodiversity management, which should lead to an increase in their effectiveness.

(ii) Map Benefits [Efficiency and Effectiveness]

KWS currently has more than 55 protected areas under its direct jurisdiction, with a

possibility of more to be established. Given this scenario, KWS is a heavy user of

topographic, land cover, land use, soil, geologic and geomorphic maps. All these are

paper-basedmaps that have to be collected from different sources and maintained in high

standard and good condition. This is done by maintaining multiple map sets at both the

headquartersand the protected area level; it is time-consuming and therefore costly. The

timefactor involved in handling maps was illustrated by Palmer (1991) who demonstrated

that:of the time spent working with maps, up to 45% can be taken up searching for maps

(whichmay be wrongly filed or being used by other personnel), and a productivity gain of

upto 2:1 for using GIS as a 'simple' map management tool is feasible. The ratio could be

upto 4:1 if associated attribute data are also in digital format. The use of a GIS in KWS as

amapdelivery system could therefore provide substantial benefits in reducing map search-
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and-replacetime and in reducing the need to maintain and store multiple map sets.

(iii) Analysis and Structuring of Problems [Effectiveness]

Biodiversity resources are embedded in complex environments. One of the tasks of the

Departmentof Biodiversity at KWS is to model these environments to gain an insight into

the processes involved so as to assess threats to these resources. By simulating the

processesin the environment, the department can:

develop testable hypotheses and formulate specific research questions to be

answered. The formulation of an answerable question is often obtained in an

iterative manner by 'trial and error' (De Man, 1988). Consequently, a GIS should

facilitate such a heuristic dialogue.

predict the consequences of different management interventions and provide

management with alternative solutions from which to choose.

(iv) Intangible Benefits [Effectiveness and Efficiency]

There are also other factors that would be of clear benefit to KWS but impossible to

translate into cash value. These form intangible benefits and include:

better informed decisions and planning by targeting resources more

accurately, based on assessment of need,

more rigorous data management,

improved analytical procedures through the ability to link models and analyze

spatial patterns,

63



provision of relevant, timely and better information,

ability to integrate data, facilitating consistent and easier access to the data,

and

indirect benefits which may arise well into the life of the GIS implementation.

3.6 DataQuality

Differenttypes of information are required for management decision support in biodiversity

conservation.This information is normally extracted from data available for each individual

area.Although the terms 'data' and 'information' are often used interchangeably, a subtle

distinctiondoes exist: data refer to any factual material available, while information refers

morespecifically to data of a particular nature and in a particular form that make them

usefulfor decision making, for whatever purpose (Conyers and Hills, 1984). The value of

informationtherefore depends on the nature, form and quality of the data from which it is

extracted,and the interpretation context. This study dealt with spatial data as they relate

toterrainObjects and geographic information systems.

A GIS is a tool that could be used in improving the quality of management decisions in

biodiversity conservation if the data collected, stored and processed are sufficiently

reliable,up to-date and error-free. Burrough and Frank (1995) noted that in application

areassuch as resource appraisal and environmental modelling, errors are not simple and

maybe both spatial and related to different scales. These errors relate to the description

ofboththe geometric and thematic components of spatial objects (see Molenaar 1996) and

influencethe quality of data held in a GIS. The magnitude of these errors is a function of:

theobservationsystem used in data acquisition, the inference rules used in data extraction

(whetherthey are certain or not; this is especially significant when classifying digital

satellitedata (see Middelkoop and Janssen, (1991)), and the semantics of the system
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underobservation, i.e. how well are the classes defined (whether they are fuzzy or not).

GeostatistieaI methods and methods for dealing with vague phenomena (fuzzy logic) are

provingto be useful in dealing with the problem of spatial data quality (Burrough and

Frank,1995).

Forthethree main sources of spatial data for biodiversity resources (i.e. remotely sensed

satelliteimages, aerial photographs and ground truth observations), the main distinctions

amongthem are their spatial and spectral resolutions. In many applications that require

spatialinformation, it is better to combine data from all the three sources. However, in

combiningdata from multiple sources, it is important to consider inherent errors associated

withthe original data and those associated with the processing techniques, as these have

a bearing on the quality of information that can be extracted. Although there are many

sourcesof possible errors in data stored in a GIS (see Burrough, 1986), the importance

attachedto each type of error varies according to the context in which the spatial data are

used.Each application has a subset of errors that are important and need to be minimized.

Thequality of spatial data should therefore be viewed in the context in which they are

used.

Inbiodiversity resource management, five aspects of data quality are relevant:

(1) precision, i.e. how specific different terrain objects are defined; management at the

local level require specific definition of terrain objects while at the national level, a

more general definition is required,

(2) accuracy, i.e. how close to reality the data are,

(3) timeliness, i.e. information being available when required,

(4) relevance, i.e. how the information matches management requirements and

(5) completeness, i.e. the availability of all information required to support management

decisions at different levels.
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Thesequality aspects have implications for the biodiversity resources information model

andmanagement of biodiversity resources. In biodiversity conservation management

decisionsat the local level are based on collected data and at higher levels on derived

data.As described in section 3.3.2 c, derived data in this study are based on the concept

ofaggregationhierarchies. The quality of management decisions therefore depends on the

precisionand accuracy of the collected data and any uncertainties in these data are

compoundedand accumulate in the derived data. It is therefore important to quantify

uncertaintyin collected data so that users of derived data can evaluate their fitness for use

inanygiven application context.

A commonapproach to evaluating geographic data is to compare it with reference data by

wayof confusion matrices from which errors of omission, errors of commission and overall

accuraciescan be assessed (see Story and Congalton, 1986). In addition to precision and

accuracy, the three other quality aspects (timeliness, relevance and completeness)

determinethe quality of management decisions. Effective biodiversity management

decisionscan only be made when all the relevant information is available. Because data

collection is expensive and time consuming, it is important that the process of data

collectionis optimized to ensure that only the relevant data is collected.

3.6.1Quality Issues Associated with Remotely Sensed Satellite Data

3.6.1.1 Data Acquisition and Preprocessing

Thereare three main types of inherent error associated with satellite data acquisition

(radiometric,geometric and atmospheric (Lillesand and Kiefer, 1994)). Since SPOT-HRV

satellitedata processed at level IB, radiometrically normalized and geometrically corrected

forsystematicdeformation were used in this study, these types of positional errors inherent

insatellite data were not be considered. However, because the positional accuracy of

individualpixels is important when monitoring change in land-cover types, the root mean
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square(RMS) error normally introduced during the image-to-map registration process was

considered.

3.6.1.2 DataProcessing

Thematicinformation is normally extracted from remotely sensed data through the process

of classification (see Mather, 1987; Ullesand and Kiefer, 1994). This is an automatic

processin which each pixel in a remotely sensed image is associated with a label

describinga real-world object. The assumption here is that, because real-world objects

reflectelectromagnetic energy in characteristic ways that can be recorded as unique

pattems, which can then be classified and assigned labels corresponding to and

oontenninouswith specific map units. However, in practice this is rarely the case as not all

pixelsin a class will have been correctly assigned to a corresponding map unit, and not all

pixelsin a map unit will belong to the corresponding class. In land-cover mapping, this is

causedmainly by spectral confusion caused by mixed pixels present at the boundary of two

or more classes, resulting in spectral reflectances that are a mixture of different

characteristicreflectance (see loka and Masato, 1986; Janssen et al., 1990). These

identificationerrors also arise because the pixels in a class will rarely occupy a range of

grey-scalevalues that do not overlap with the ranges of other classes (Lark, 1995). These

errorscan be separated into: errors of commission, when a pixel is erroneously included

ilaclassto which it does not belong, and errors of omission, when a pixel is erroneously

excludedfrom a class to which it belongs. These errors determine the quality, in terms of

~sion and accuracy, of the final classified image. The uncertainty in the final classified

imageresulting from these errors can be estimated using error matrices (Mather, 1987;

Kenk, et al. 1988).

Errormatrices are used to:

(1) show which errors of omission and commission are most common (Aronoff,
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1982). This allows decisions to be made about the production and

interpretation of the map. Depending on the intended use of the final map,

it may be preferable to combine those classes with a high level of confusion

into one broad general class. The general class here is less precise, but

more confident predictions of classes at any given site can be made (i.e.
-,

higher accuracy).

(2) estimate various probabilities and conditional probabilities, each of which

corresponds to the probability of the map user drawing the correct conclusion

from the map (or making a particular type of error) when using it to make a

particular prediction (Lark, 1995). Lark (1995) defined seven sets of

probabilities that can be estimated from the error matrix. These relate to the

user's (i.e. average extent of the errors of omission), the producer's (i.e.

average extent of the errors of commission) or the overall map accuracy. The

objective of mapping determines which of these accuracies should be

maximized through manipulating the procedure of discriminant analysis

(Lark, 1995).

Recentstudies have shown that, by incorporating ancillary data during image classification,

morespecific classes can be defined (higher precision) with a high level of accuracy

(Hutchinson,1982; Kenk et 8/., 1988; Middelkoop and Janssen, 1991; and Niemann,

1993;). This study addresses the problem of data quality in the context of classifying land-

coverfrom digital satellite data (see Chapter 7).

3.6.2 Quality Issues Associated with Data from Aerial Photographs

Land-covermaps produced using aerial photographs as a data source can introduce both

inherentand interpretational errors into a GIS, and therefore into the subsequent analysis.

Inherenterrors relate mainly to map scale and map unit boundaries. Scale determines the
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levelofgeneralization in a map and generally leads to labelling errors, especially if there

arevery small map units. Land-cover is mapped as a series of discrete units with sharp

boundaries.These polygon-based data imply homogeneity of land-cover type per map unit,

butthatdoes not normally occur, especially with natural vegetation. In reality, natural land-

cover represents a heterogeneous and continuous surface of change within which

boundariesbetween different cover types are lines of transition rather than the abrupt

changesseen in cartographic products. The boundaries between different cover types are

thereforefuzzy, so that repeated interpretation of aerial photographs results in varying

object boundaries (Molenaar, 1996). This introduces a measure of uncertainty in

positioningthe boundaries (edges) between different cover types. Middelkoop (1990)

developeda method that involves overlaying the results of several interpretations of the

samephotograph to evaluate the magnitude of the uncertainty in spatial objects that is a

consequence of fuzzy boundaries. The overall quality of a map based on aerial

photographsis also influenced by human errors introduced during photo interpretation

(relatingto differences in the abilities of different observers to predict vegetation structure

fromaerial photographs), map compilation (relating to the number of sample points on

whichextrapolation is based) and the digitizing process.

3.6.3 Data Quality in a GIS

Theabstractionsin a GIS do not contain all possible information about a given geographic

areaonthe Earth's surface. The type of information contained in an abstraction is context-

dependentand therefore by implication subjective. The fact that models do not contain all

informationabout a given terrain object means that inherent errors are introduced into the

systemfrom the outset. Further inherent and processing errors are introduced into a GIS

by thevery nature of data abstraction (refer to sections 3.6.1 and 3.6.2).
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3.6.4 Implications of Data Quality in Decision Making

Becauseof the inherent and processing errors in a GIS, information extracted from these

databaseswill have a certain amount of associated uncertainty. Because there is no

affordableor practical way to completely eliminate this uncertainty, decision makers have

toallowfor it. However, this is possible only if the level of uncertainty in the information is

quantified.Quantifying uncertainty allows decision makers to:

(i) set tolerance levels within which uncertainty will be acceptable for making

different types of decision,

(ii) understand the basis for their decisions. It is expected that knowledge of

uncertainty will definitely lead to better decisions in the long term,

(iii) know which parts of the analysis are most uncertain, and which uncertainties

are apt to adversely influence decisions, and

(iv) identify information gaps, and decide whether it is wise to acquire more

information before decisions are made.

Conceptsof data quality as they relate to biodiversity management are discussed in detail

by;Aronoff(1982), Story and Congalton (1986), loka and Masato (1986), Mather (1987),

Kenk,et al. (1988), Janssen et al. (1990), Middelkoop and Janssen (1991), Niemann

(1993),Lillesand and Kiefer (1994), Burrough and Frank (1995), Lark (1995), Molenaar (

1996).Up to date, issues of data quality have not received adequate attention in

biodiversitymanagement due to the fact that in most cases primary data have been the

mainsourceof information to support management decisions. However, with increased use

of modem information technology in the management of biodiversity resources and

changingmanagement structures that are increasingly relying on derived information, there

is anurgent need to address the issue of data quality in resource management. This is

becauseof the multiplier effect as data is transformed and generalized. This study examined

issues ofdataquality in biodiversity management and defined methodology for addressing them.
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Chapter4 Study Area

4.1 Introduction

As stated in chapter 1, the general objective of this study was to develop a mechanism for

the provision of information for the effective and efficient management of biodiversity in

Kenya.The whole country therefore formed the study area. Kenya Wildlife Service is the

institution mandated by an act of parliament to manage all biodiversity resources in the

country. In this chapter, we discuss the history and the current status of biodiversity

resourcesmanagement in Kenya.

4.2 Historyof Wildlife Conservation in Kenya

Traditionally, wildlife resources have provided food and material for shelter and fuel for

differentethnic communities in many parts of Africa. The rate of recruitment by most plant

andanimal species was generally higher than the rate of harvesting, and most species

werein no danger of extinction. A significant change occurred at the end of the last century

followingthe division of the continent into different European colonies and the arrival of

manywhite settlers and commercial wild-animal hunters. In Kenya, the combined effect of

commercialhunting and the devastating effects of settlement, such as the destruction of

vastareas of animal habitats, posed a real threat to the survival of many animal species.

Recognition of this threat to wildlife prompted the conservation movement and the

establishment in Britain in 1903 of the Society for the Preservation of the Fauna of the

Empire.This was the predecessor of the Kenya Wildlife Society, which was created in

1955. Later, the society adopted its current name of the East African Wildlife Society.

Theconcerns of many nature conservationists about the accelerating decline of many wild-

animalspecies triggered the first efforts towards wildlife conservation, when the colonial

govemment in Kenya established game reserves and introduced controls on hunting in
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1898. A game department to manage wildlife was established in 1907, and its main

objectivewas to regulate hunting. The wildlife policy at that time was geared towards the

exploitationof wildlife as a food resource, which led to the slaughter of large numbers of

thealready dwindling species to feed the military forces during the first and second world

wars.

The first serious attempt to develop a wildlife policy geared towards protection was in

1945, when the colonial legislature adopted the National Parks Ordinance Number 9 (a

form of legislation used during colonial rule). In 1946, Nairobi National Park was

established.This was followed by Tsavo National Park (1948) and Mt Kenya National Park

(1949). By 1963, 10 National Parks and Game Reserves had been established, and by

1993 there were 25 National Parks, 22 Game Reserves and five Marine Parks. Another

fiveestablished since then brought the total number of protected areas to 57 (table 4.1 ),

occupying about 5% of the Kenya's land and water surface.

Table4.1. List of Protected Areas in Kenya (Source Kenya Wildlife Service (KWS)

Nr. Name Status Surface (ha) Year of est.

1 Aberdare NpJ 76,618 1950
2 Amboseli NP 39,206 1974
3 Central Island, Turkana NP 500 1983
4 Chyulu NP 47,090 1983
S Hell's Gate NP 6,800 1984
6 Kisumu Impala NP 100 1992
7 Kora NP 178,780 1989
8 LakeNakuru NP 18,800 1967
9 Longonot NP 5,200 1983
10 MaIkaMari NP 87,600 1989
11 Meru NP 87,044 1966
12 MountElgon NP 16,923 1968
13 Mount Kenya NP 71,759 1949
14 Nairobi NP 11,721 1946
15 Ndele Island NP 420 1986
16 01 Donyo Sabuk NP 1,842 1967
17 Ruma NP 12,000 1983
18 SaiwaSwamp NP 192 1974
19 Sibiloi NP 157,085 1973
20 South Island, Turkana NP 3,800 1983
21 Tsavo East NP 1,174,700 1948
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22 Tsavo West NP 906,500 1948
23 Arawale NR' 53324 1974
24 Bisanadi NR 60600 1979
2S Bonjoge NR 2,100 1992
26 Boni NR 133900 1976
27 Buffalo Springs NR 13,100 1988
28 Dodori NR 87,739 1976
29 Kakamega NR 4,468 1985
30 Kamnarok NR 8,774 1983
31 Kerio Valley NR 6,570 1983
32 Lake Bogoria NR 10,705 1970
33 Losai NR 180,680 1976
34 Marsabit NR 208,800 1949
35 MasaiMara NR 151,000 1974
36 Mwea NR 6,803 1976
37 Nasolot NR 19,400 1979
38 Ngai Ndethya NR 21,209 1976

39 North Kitui NR 74,500 1979
40 RBhole NR 127,000 1976
41 Samburu NR 16,50 1985
42 Shaba NR 23,910 1974
43 Shimba Hills NR 19,251 1968
44 South Turkana NR 109,100 1979
45 Tana River Primate NR 16,900 1976
46 Arabuko Sokoke NAR' 4,332 1979

47 NandiNorth NAR 3,434 1978
48 South-Westem Mau NAR 43,032 1961
49 UasoNarok NAR 1,575 1981
SO KisitelMpunguti MP' 3900 1978
SI Mombasa MP 1000 1986
S2 RasTenewi MP 35,000 1991

S3 Watamu MP 3,200 1968
54 Kiunga MNR' 25,000 1979
SS Malindi MNR 21,309 1968
56 Diani Chale MNR 300 1955
S7 Mara1a1 S' 500 1974

MP' National Marine Park, NP' National Park S' Sanctuary NR' National Reserve (formerly game reserves),
NAR' Nature Reserve, MNR' Marine Nature Reserves.

Until1976,national parks were managed by a Board of Trustees under the National Park

Service,while Game Reserves were managed by the Game Department. The 1976 Wildlife

Conservationand Management Act brought the management of national parks under the

Departmentof Wildlife Management and Conservation in the central government.

Intheperiod between the 1970s and Jate 1980s, there was a rapid decline in the numbers

ofcertainwildlife species, notably elephants and rhino, mainly through poaching (Cobb,

1976; Mbugua and Stevens, 1977; Ottichilo et al., 1981; Van Wyjngaarden, 1985; Kenya
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WildlifeService, 1990; and Mwenge International Associates Ltd, 1980 ). In reaction to this

decline, the government in 1989, through an act of parliament, established a parastatal

organization, the Kenya Wildlife Service, with a mandate to deal with the problem of

poaching,in addition to managing wildlife. By 1994, poaching in most protected areas had

beenbrought under control and Kenya Wildlife Service could concentrate on the other

aspectsof its mandate.

4.3 Nature Conservation in Kenya in the 1990s: Where do we stand?

Manyof the current nature conservation Challenges in Kenya are a result of the wildlife

conservationpolicies of the last 90 years, most of which were not designed to cope with

changing circumstances outside protected areas. Previously, wildlife conservation was

based on the 'protected area' concept, in which specific areas were designated by

legislationfor the protection and conservation of environmental resources.

The basic principle of protected areas involves setting aside representative areas of

unique and unspoiled parts of the country as public parks for the benefit and quiet

enjoymentof the people, and for the detailed study of nature. This concept was first

conceived in the United States of America in 1872 and led to the establishment of the

Ye"owstoneNational Park as the world's first protected area (Nash, 1982). When applying

thisconcept in Kenya, the emphasis was on wildlife conservation, focussing mainly on the

largemammals. The network of protected areas in Kenya is dominated by areas where

thesemammals are predominant.

Inthe 1980s, there was growing international concern about loss of biodiversity in the

tropics. IUCN (1990) described biodiversity as the living organisms in all their variety

(plants, animals, fungi and microbes) that exist on the planet Earth. This implies that

conservation of biodiversity is a cumuJative process, i.e. conservation at protected area

levelcontributes to the conservation of a country's biodiversity. This in turn contributes to
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theconservation of regional, continental and, finally, planetary biodiversity. Depending on

the spatial scale, biodiversity can be viewed at three different levels: genetic diversity,

species diversity and ecosystem diversity. The three are related in a nested hierarchic

structure, i.e. ecosystems are made up of species composed of genetic material. This

studywill be restricted to species and ecosystem diversity.

Generally, conservation refers to either preservation or controlled use. The term may be

usedto describe the systematic protection of natural resources (flora and fauna) or the

careof the environment (management). Tivy (1994) distinguished two viewpoints of natural

resource conservation: the sustainable yield of those products for which there is the

greatestdemand and which would give the maximum return on capital invested, and the

protection and preservation of wildlife, i.e. nature (biodiversity) conservation. Protected

areas fall under the second. Wise maintenance and utilization of wildlife resources are

central to the modem concept of conservation. This concept entails the principles of

planningresource management on the basis of accurate inventory, and the need to protect

resources from degradation and extinction.

4.4 The Functional Structure of KWS

The functional structure of KWS has had to change in order to effectively implement its

mission.Until 1995, there were only two levels in the organizational structure (national and

local (park) levels). The establishment of policy and development of conservation

programmes were done centrally at the national level, while implementation of

conservationprogrammes was at the local level. In this structure, there was little horizontal

interactionwithin the organization at the local level, although many conservation problems

involvemore that one local area and need coordinated efforts in finding solutions. There

also was no mechanism by which the impact of the different biodiversity resource

conservation and management programmes could be monitored at the national level.

75



Thenewfunctional structure consists of three levels: the national level to deal with overall

policyissues, regional level to deal with regional biodiversity issues and local level to deal

with local issues. At the national level, there are three levels of authority responsible for

makingpolicy decisions regarding the future direction of KWS (Fig. 4.1). These are:

. (1) A Board of Trustees, as the highest level, determines general policy and

establishes the long-term objectives for the organization,

(2) The Directorate, headed by a director is responsible for preparation of policy

recommendations for the board and the execution of the boards policy decisions,

and providing resources to ensure that the objectives of the organization are met,

and

(3) the different Departments headed by Deputy Directors are charged with various

operational responsibilities geared towards achieving the overall goals of the

organization according to the policies of the board. Each department has its own

specific objectives. Of relevance to this study is the Department of Biodiversity.
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Fig. 4.1
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Atthe national level, KWS also has links with external agencies and organizations. For effective

management, KWS has divided the country into eight regions. Each region is headed by an

assistantdirector and consists of eight functional units (Fig. 4.2). The biodiversity, partnership and

ecological units are directly responsible for biodiversity conservation. At the regional level,

decisions are made on how to translate the organization's long-term objectives and plans into

implementable programmes within the functional units. Short-term objectives are established at

this level.

OPERATIONAL
DEPARTMENTS

DEPARTMENT OF
HUMAN RESOURCES

DEPARTMENT OF
ECHNICAL SERVICE

DEPARTMENT OF
FINANCE

DEPARTMENT OF
BIODIVERSITV NATIONAL

LEVEL
DEPARTMENT OF
NATURE TOURISM

DEPARTMENT OF
PARTNERSHIP

DEPARTMENT OF
WILDLIFE SERVICE

DEPARTMENT OF
SECURITY

The Internal Organizational Hierarchy of Kenya Wildlife Service
(Source: KWS, 1996)
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Eachregion is divided into a number of ecological units, each headed by a warden. An

ecologicalunit forms the local level in the KWS management hierarchy. At this level,

decisionsare made on how to achieve the short-term objectives established at the regional

level.

HNlCAL SERVICE
UNIT

OPERATIONAL UNITS

PARTNERSHIP
UNIT

SUPPORT UNITS

FINANCE UNIT BIODIVERSITY UNIT

NATURE TOURISM
UNIT

HUMAN RESOURCES
UNIT

ECOLOGICAL UNIT

SECURITY UNIT

Fig. 4.2 The Functional Structure of KWS at the Regional and Local Levels
(Source: KWS)

Thus,at the highest level, i.e. the Board of Trustees, decisions refer to biodiversity

conservationin general and become more specific down the organizational hierarchy. On

theotherhand, information flows upwards in the hierarchy from the local level through the

regionallevels to the national level.

4.5 The Case Study Area

Thestudyarea covers approximately 660 km2 and is located in southeastern Kenya in the buffer

zone between Tsavo East and Tsavo West national parks. The Taita hills to the north of the area

are the dominant feature and greatly influence the climate of the area. Elevation ranges from
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approximately680 m to about 1920 m above mean sea level (amsl). The northern part is steeply

dissected,while the central and the southern parts are characterized by gently undulating plains

(Fig. 4.3).

TANZANIA ~TSAVOWEST
~ NATIONAL PARK

Vi'=' ISTUDY AREA.......

~TSAVOEAST
~ NATIONAL PARK

Fig. 4.3 The Case Study Area

Rainfallvaries from an average of 400 mm per annum in the south to an average of 1200 mm in

the north.The variation in rainfall is reflected in the variation in natural vegetation and land use.

Onlyin the last year has land cover and land use in part of the case study area been studied at

asemi-cletailedlevel (RLE 3, 1994). The study area has traditionally served as the buffer zone for

TsavoEast National Park. It was initially used mainly by foraging wild animals and pastoralists'

herds.Currently, the buffer zone is also being populated by small-scale farmers.
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Chapter5 A systems Approach to Defining Information Requirements for

Effective Management of Biodiversity Resources in Kenya

5.1 Introduction

Inchapter 3 it was shown that biodiversity resources represent complex natural systems

withhard-to-define boundaries. Consequently, their management involves having to deal

withcomplex problems. Effective management therefore requires a clear understanding

ofthestructure, functions and dynamics of the different components of the system prior to

anymanagement intervention. Some of the management requirements are, adequate,

timelyand relevant information about the system. An analysis of the system would make

IT possibleto define the appropriate data types that will provide the necessary information.

Thereare several generalized methodologies" as described in Chapter 3, for analyzing a

system.The structured system analysis is one such methodology used in this study.

This chapter presents a system's approach to the management and conservation of

biodiversityresources. The different hierarchical levels at which biodiversity resources in

Kenyacould be viewed and managed are defined in the internal organization hierarchy of

Kenya Wildlife service (see Figs. 4.1 and 4.2). In section 5.2, processes involved in

biodiversity management and conservation and their data requirements are analysed.

Section5.3 describes the linkage between different management levels in biodiversity

resources and internal organizational hierarchy of KWS with specific reference to the

department of biodiversity. This department has the overall responsibility in the

managementof biodiversity resources. The information requirements for decision support

at each level in the management hierarchy was identified using a structured systems

approachto analyze the biodiversity resources system. This made it possible to determine

datatypes necessary to provide the required information (section 5.4).

Good quality information is crucial for management decision support in biodiversity
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resources management and conservation. The types of information required are

detenninedby the level in the management hierarchy at which the decisions are made, and

suchinformation can be extracted only from appropriate data sources. Because data

collection is expensive, there is a need to rationalize the process by setting priorities.

Thesepriorities provide a basis for designing and developing an information system that

willmeetthe needs of the organization it serves. For this study, the organization is Kenya

WildlifeService.

Aplanning approach was used to develop a management decision support system (see

Avisonand Fitzgerald, 1988), emphasising development of a complete biodiversity

informationplan for the whole organization. This ensures that the system to be developed

willenable KWS to meet its objectives for biodiversity management and conservation. The

development of the system must be well structured. Figure 5.1 summarizes the main

proceduresfollowed in this study.

Thereare many methods for structured system development (see Avison and Fitzgerald,

1988; Paresi, 1995). In this study, the System Development Methodology (SDM) was used

(CapGemini Publishing, 1991). Although SDM was originally designed for use in business

applications, it was adapted for use here because: it meets the basic criteria for a well-

structuredsystem development method (see IBM,1984; Avison and Fitzgerald, 1988;

Hawryszkiewycz,1991), it is not dependent on any single technique but allows different

techniquesto be applied at various stages in the system development process, and it

allowscomputer-assisted software engineering (CASE) tools to be used in system

development.In this study, the systems development workbench was used as a CASE tool

(CapGemini Publishing, 1991).

TheSDM is divided into seven phases: information system planning, definition study,

systemdesign, detailed system design, implementation, installation and conversion, and

operationand control. These phases describe the sequence of activities to be undertaken
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duringsystem development and the expected products at the end of each phase. This

study was restricted to the first five phases only.

REQUIREMENT
ANALYSIS'----

CONSTRAINTS
ANALYSIS

SITUATION
ANALYSIS

PROBLEM
IDENTIFICATION

CONCEPT
DEVELOPMENT

FEASIBILITY

IMPLEMENTATION
PLAN

Fig.5.1 Scheme for Developing a Biodiversity Information System Plan for KWS

5.2 PhaseOne: Analysis

The first step towards building a full information system should be to identify the

informationrequirements at each management level. This can be done through an analysis

of the processes involved in biodiversity management and conservation and their data

requirements. The main consideration is to determine whether or not the current
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informationsystem meets user needs and to identify areas that require refinement.

Theobjective of this phase is to provide a basis for the development and maintenance of

aninformation system that will fully support the goals and objectives of the organization

understudy. This requires a good understanding of the existing system to identify the

relevant problems and suggest achievable solutions. During this phase, the existing

informationsystem is analyzed to find out how far it supports the organization's goals and

objectives. Problems related to information flow and usage in the organization are

identified.The requirements of the system's users are identified, and used to set objectives

for the new system. User information requirements have to be identified at three levels

(Davisand Olson, 1985):

(i) The overall information requirements of the organization. This is used to

define the overall information system structure and identify its subsystems

and databases. The identification of the subsystems ensures that they can

be integrated into the overall system if a step-by-step approach to system

development is adapted,

(ii) The information requirements for each identified database as defined by data

models, and

(iii) The detailed information requirements for given applications.

Productsof this phase were: requirements analysis report, situation analysis report and

constraints analysis report. These reports provided details on the status of the present

biodiversity information system, its associated problems and a framework for its future

developmentor maintenance. The results from the requirements analysis are provided in

section5.2.1.
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5.2.1 Requirements Analysis

The key department for information determination was selected from KWS's seven

departments (section 4.3). In this study, the department of biodiversity was selected for

analysis, which involved carrying out an information search. The main strategy for

obtaininginformation about a system is either through direct contact with personnel using

questionnaires, interview and meetings, or by using indirect approaches that include:

synthesis from the characteristics of the used system, gleaning from the existing

information system, and discovering by experimentation from an evolving system (IBM,

1984;Davis and Olson, 1985).

The direct contact approach was used in this study based on International Business

Machine's(IBM) information system planning technique (IBM, 1984). This technique, uses

three basic tools (i.e. review documents related to the organization, interviews with

managementand matrices) to: define the organization's processes, data and information

architecture,analyze current system support, and set architectural priorities for the system.

Thisleads to the description of a new Conceptual information system and its subsystems.

A choice is then made as to which subsystem should be developed first.

Inthis study, interviews were conducted with various executives selected from the three

management levels of the organization. These included the director, three deputy

directors,two senior wardens. four senior research officers and three park wardens. Other

interviewswere conducted with staff of the computer department and local residents living

inthe buffer zones of the Tsavo, Amboseli and Nairobi National Parks. Interviews with the

executives were carried out in two stages. For each executive, a set of key questions

relating to his or her area of responsibility was prepared in advance. These formed the

basisfor discussion. During the first stage of each interview, the questions were put to the

intervieweeand the responses recorded. The responses were summarized and the results

analyzed.During the second stage of the interview, the results and conclusions from the
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initial interview were presented to the interviewee for confirmation and possible further

clarification. The interviews with staff in the computer section were mainly in the form of

discussions and explanations regarding the tasks they were performing, and the

procedures and tools used in these tasks. Interviews with the local people provided a

generalpicture of their activities in relation to the protected areas. More information was

gatheredby reviewing literature. This included the organization's long-term development

plan,annual work plans and half-yearly progress reports.

5.2.2 Results

An information system is supposed to assist an organization to meet its objectives and

goals. Therefore a good starting point for information analysis of any organization is to

determine its objectives and goals. These help to define what type of information is

requiredand from what type of data this information can be extracted. The main objectives

ofKWS are:

(1) To conserve the natural environments of Kenya and their biodiversity resources for

the benefit of present and future generations and as a world heritage.

(2) To sustainably use the wildlife resources of Kenya for the economic development

of the nation, and for the benefit of the people living in wildlife areas.

(3) To protect people and property from injury or damage caused by wildlife.

Table 5.1 shows the relationship between the management hierarchy in KWS and

information requirements for decision support.
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Table 5.1 Relationship Between Management Hierarchy and Information Requirements for Decision Support at KWS

Management decision level and process Data type Coverage Level of detail Quality Parameters 1 Sources

Derived Collected data
data

National level Qualitative Global and Generalized, High Completeness Primarily from external
National Scale 1:1,000000 average Relevance sources but also from

- Develop biodiversity policy accuracy internal sources
- Develop long term objectives and goals

Regional level Quantitative Regional Semi-detailed to High High accuracy Internal and external
- Develop short term objectives detailed accuracy High precision sources

- Develop implementable programmes Scales 1:250000 Timeliness
- Model biodiversity resource processes 1:100000 Completeness
- Monitor trends on biodiversity resources 1:50000 Relevance
- Predict effect of management

interventions

Local level Quantitative Local Detailed High local High accuracy Internal sources

- Implement programmes on biodiversity and Scale 1:50000 accuracy High precision
resources qualitative 1:25000 Timeliness

- Monitor programmes on biodiversity 1:10000 Completeness
resources Relevance

'Quality Parameters

Precision
Accuracy
Timeliness
Relevance
Completeness

How specific are the object classes based on user needs, (l.e., spatial resolution).
How close to reality are the data, (l.e., the reliability of the data) as determined by user needs.
Information being available when required.
How the information matches the objectives of the users.
All required information should be available, up to date and devoid of redundancy.



5.3 The Link Between the Management Hierarchy and the Internal

Organizational Hierarchy in the Department of Biodiversity of KWS

Inthisstudy as stated earlier, the process of information determination focused on the

department of biodiversity. The main objectives of this department at the time of this

studywere to:

collect, store, analyse and maintain data on biodiversity resources,

disseminate information on biodiversity resources,

identify threats to biodiversity resources,

develop programmes for biodiversity conservation,

implement programmes on biodiversity conservation, and

monitor biodiversity conservation programmes.

To meet these objectives, the department had three hierarchical functional units, i.e.

national, regional and local (Fig. 5.2). Each of these units corresponds to a specific

level in the internal organization hierarchy of KWS.

Fig. 5.2

NATIONAL
810DIVERSITY

UNIT
..011I110.

I I
REGIONAL REGIONAL REGIONAL

810DIVERSITY 810DIVERSITY ------------- 810DIVERSITY
UNIT 1 UNIT 2 UNIT 7

... ",,-

I I
LOCAL LOCAL LOCAL

BIODIVERSITY BIODIVERSITY ------------- 810DIVERSITY
UNIT 1 UNIT 2 UNIT n

Functional Units in the Department of Biodiversity at KWS (1997)

In this department, the nationalbiodiversity unit is at the top of the hierarchy and

corresponds to the national level in the organization hierarchy. At a lower level, there
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are seven regional biodiversity units that correspond to the regional level in

organization hierarchy. At the lowest level, each region consists of several local

biodiversity units that correspond to the local level in the organization hierarchy.

Levelsof authority coincide with the functional units in the department (Fig. 5.3). The

head of a given local biodiversity unit reports to the head of a specific regional

biodiversityunit, who in turn reports to the head of the national biodiversity unit. Policy

andmanagement decisions flow downwards from the national biodiversity unit to the

regionalbiodiversity units and then to the local biodiversity units.

DIRECTION OF LEVEL OF PROCESSES
FLOW FOR AUTHORITY

POLICY/DECISIONS
NATIONAL DEVELOP POLICY

BIODIVERSITY ON BIODIVERSITY
UNIT RESOURCES

~r

REGIONAL TRANSLATE POLICY
BIODlVERSITY INTO IMPLEMENTABLE

UNIT PROGRAMMES

r

LOCAL IMPLEMENT AND
., BIODIVERSITY MONITOR

UNIT PROGRAMMES

Fig. 5.3 Levels of Authority and Flow of Policy and Management Decisions in
the Department 'OfBiodiversity of KWS (1997)

Each functional unit has definite responsibilities that involve specific processes. The

mainresponsibility of the national biodiversity unit is to develop policy for management

andconservation of biodiversity resources. Regional biodiversity units translate these

policies into implementable programmes for the management and conservation of

biodiversity resources, while local biodiversity units implement and monitor the impact

of these programmes. The different biodiversity units therefore represent different

decision making contexts, each of which requires different levels of information
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abstraction. The local biodiversity unit usually requires directly surveyed data; the

regionaland national biodiversity units require derived survey information.

Figure5.4 illustrates the flow of information within the department and the different data

types.Requests for information from the national biodiversity unit are made to a specific

regional unit, while requests from the regional units are made to specific local units.

Responsesto requests for information can be provided by either regional or local units,

depending on the level of detail required.

••,. NATIONAL
BIODIVERSITY

•• UNIT,.

.,.,
SUPPLY OF I~ ANIMAL & PLANTINFORMATION ONI" REGIONAL

BIODlVERSITY BIODIVERSITY - DISTRIBUTION,
~ UNIT ECOSYSTEMRESOURCES

..•~

'1'

LOCAL ANIMAL & PLANT SPECIES,
ANIMAL s PLANT POPULATIONB10DIVERSITY ANIMAL &PLANT COMMUNITIESUNIT SPECIES DISPERSION

INFORMATION
REQUESTS

INFORMATION
FLOW

DATA
TYPES

Fig.5.4 Information Flow in the Department of Biodiversity of KWS (1997)

Localbiodiversity units deal with biodiversity resources at the species, population and

community levels and therefore require information at finer spatial scales, while regional

and national biodiversity units deal mostly with biodiversity resources at the ecosystem

and biome levels and therefore require information at more coarse spatial scales.

The different functional units in the department of biodiversity correspond to spatial

units;thus they can be linked through aggregation hierarchies. This linkage forms the

basis for a management decision support model for biodiversity resources.
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5.4 Defining Primary Data Types for a Biodiversity Resources Management

Decision Support System: Infonnation Modelling

Themain objective of information modelling was to identify and define the basic data

typesfor a biodiversity decision support system. For this, we used data flow diagrams

(DFDs)as a tool to model biodiversity resources management system components, i.e.,

processes, data used and produced by these processes, any external entities that

interact with the system, and information flow. The basic concepts of DFDs are

elaborated in Chapter 3.

All the components in the DFDs were properly documented in data and process

dictionaries (appendices 1 and 2) to ensure consistency during system component

modelling. There is an entry in the data or process dictionaries for each unique data

flow,process or data store that is present in the DFDs set.

Startingwith a context diagram (Fig. 5.5), DFDs were used to model information flow

in the biodiversity management system. The objective of the context diagram was to:

definethe boundaries of the biodiversity resources information system (see chapter 3

section 3.1.1), identify the external objects that exchange data with the system, and

identifythe data types that are exchanged between the extemal objects and the system.
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Inthe context diagram, only one function is defined, i.e., biodiversity conservation. This

is a global definition that includes all processes involved in biodiversity management

andconservation. This diagram was then elaborated in terms of the top-level functions

in Figure 5.6. Four functions were identified:
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(i) acquireinternal data (this function represents processes involved in acquisition

of data on biodiversity resources by KWS),

(Ii) acquireand transformexternal data (this function represents processes involved

in acquisition by KWS of data on biodiversity resources collected by external

agencies and their standardization and harmonization for application in

biodiversity resource management and conservation),

(iii) analyze data (this function represents processes involved in extraction of

informationon biodiversity resources from both internal and external data), and

(iv) management of biodiversity resources (this function represents processes

involvedin managementand conservation of biodiversity resources at all levels

in the management hierarchy).

Eachof the last two of these functions was described by a process logic, making it

possible to identify the different data types required in the management and

conservationof biodiversity resources. This forms a basis for the thematic definition of

spatialobjects at different aggregation levels in the management of biodiversity

resources(section 5.5).
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5.5 The Process Logic for Data Type Identification and Analysis

Thefunction 'analyze data' is described by the process logic in Figure 5.7. There are

four processes in this function at this level. In the process 'analyze land unit data',

groundsurvey, airborne, soil and remotely sensed digital data are integrated to produce

landunit maps from which information on plant biodiversity resources can be extracted.

In the process 'analyze topographic maps', information on relief, drainage,

geomorphology and communication networks is extracted from topographic maps. In

the process 'analyze climatic data', climatic information for different map polygons is

extrapolated from climate data collected at different sample points. In the process

'analyze sample data', information on the distribution, abundance and structure of

animalbiodiversity resources is extrapolated from data collected at sample points and

from sample units. Detailed description of processes and data in the biodiversity

resources information system are given in appendices 1 and 2.
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Resources Information System for KWS

The function 'management of biodiversity resources' is described in Figure 5.8. This

function consists of three processes that provide the link between the biodiversity

resource information system and the biodiversity resource management hierarchy

identified in Chapter 3. Using treaties and conventions, land unit and animal data as

input,the process of 'develop biodiversity policy' produces information on management

policyfor biodiversity resources. This is at the national level in the biodiversity resource

management hierarchy. Using land unit, animal, topographic and climatic data, plus

biodiversity resource management policy, the process of 'develop projects' produces

a set of implementable projects in the management and conservation of biodiversity

resources. This is at the regional level in the biodiversity resource management

hierarchy. Using land unit, animal, climatic data, and a set of implementable projects
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as input, the process of 'implement projects' produces data on the implementation and

monitoringof the impact of management intervention on biodiversity resources. This is

at the local level in the biodiversity resource management hierarchy. The different

functions in the system are linked through the different data stores. The processes in

eachfunction either provide data to a data store or consult it for data.
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5.6 Summary

Inthis chapter, The basic data types that are needed to provide information for decision

support for effective management of biodiversity resources in Kenya have been

identified.This has been done by analyzing biodiversity resources as a natural system.

The data types identified form a basis for defining a data model for representing the

datain a database and for defining a database structure. This is considered in detail

inChapter 6.
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Chapter6 Implementation of the Biodiversity Resources Information

System

6.1 Introduction

Themain data types required to support decisions essential for effective management

ofbiodiversityresources have been identified in Chapter 5. This Chapter describes how

adatabase to support multi-level management decisions in biodiversity conservation

wasdesigned and implemented. Because information to support these multi-level

managementdecisions is to be extracted from the same data, their (data) usage has

to be 'contextual. Several models for context transformation are described and a

numberof programmes have been written to implement them. The tools used include

theArC/lnfo GIS software, Arc Vjew software and an Access database management

systemwith programming in SOL. Test data for the implementation of the models for

contexttransformations are from Tsavo Ecosystem. A key component of the biodiversity

resourcesinformation system is the database.

6.2 Database

Therewere three stages in developing this database. The first stage was to define a

datamodelfor the database. This was followed by defining the database environment

andfinally the database design.

6.2.1 Database Model

Basedon the functional analysis of biodiversity conservation described in chapter 5,

general-purpose classes of data used by many applications and .groups of classes of

data that are inter-related and together describe a coherent part of biodiversity

resourceswere identified. They were then used to define a conceptual database model

for the biodiversity resources information system. The database consist of five

components, i.e., land cover, animal. climate, socio-economic and topographic sub-
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databases(Fig. 6.1). These database components and associated computer software

(ArC/lnfoand Access) constitute the biodiversity information base similar to the one

describedin Chapter 2 section 2.2.2.

6.2.2 Database Environment

Theconceptual database model defined above (Fig. 6.1) was implemented using the

Arcllnfo geographic information system software in combination with the Access

databasemanagement system software. The objective of implementing the database

modelwas to test its suitability as a source of information to support decisions for the

different levels of biodiversity management as defined in section 5.3. The ArC/lnfo

softwarehas capabilities for manipulating, analyzing and displaying spatial data in

digitalform. The software organizes geographic data using a relational and topological

model, as described in chapter 3, making it possible to handle both geometric and

thematicdata.

LAND COVERSUB-DATABASE
ANIMALSUB-DATABASE I~ I~

I' I'"

CLIMATE INFORMATION USERSSUB-DATABASE PROCESSOR
••• to..rTOPOGRAPHIC ~

SUB-DATABASE
SOCIO-ECONOMIC
SUB-DATABASE

Fig.6.1 A Conceptual Database Model for the Biodiversity Resources
Information System for KWS.
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Chapter2 section 2, it was established that information required to support decisions

in biodiversity conservation is contextual in the sense that specific information is

needed for certain decisions at different levels in the biodiversity resources

managementhierarchy. The different decisions made at each level generally require

specific information, similar data acquisition procedures are needed for all the

managementlevels. There is therefore a need for context transformation and this is

possibleonly if there is proper topological structuring of the relevant terrain objects 1

ina GIS. The ArC/lnfo software provides the required topology and represents terrain

featuresin a GIS by sets of arcs, nodes and polygons, and provides the topological

relationshipsamong connected features. In this way, the connectivity and contiguity of

terrainobjects is maintained. The Arc\lnfo software was used for spatial data capture

andrepresentation, topological structuring and maintenance.

TheAccess database management system was used for the capture and maintenance

ofthematicdata. This system is fully relational, and supports one-to-many and many-to-

manyoperations, is object-based and robust, and .allows easy access to data. This

softwareoperates with a readily available standard language, SQl (Structured Query

Language), to manipulate data. Access tables can be linked to Info data files in

Arcllnfo. Concepts of the Formal Data Structure (FDS) described in Chapter 3 were

usedto define a logical data model (database structure) for use in orqanizinq data on

biodiversity resources before they are subsequently represented in a computer.

6.2.3 Database Design

Management of biodiversity resources is done at three hierarchic levels described in

Chapter2 section 2.1.5. The different levels in the management hierarchy represent

differentdecision making contexts. Each of these requires different levels of abstraction

of information. At the Jowest level, this often includes data from direct surveys while at

the higher levels, information entities are defined as derived survey information. In the

design of a survey system, it will benecessary--for efficiency, to ensure data

Terrain objects are defined in section 3.2

100



consistencyand to avoid redundancy-to attempt to carry out one survey from which all

theother information at the different context levels can be derived. The data have to

thereforebe represented in a database in a suitable format that will allow for context

transformation. The database implemented in the prototype presented in this thesis

was designed to include classification and aggregation hierarchies described in

Chapter3. Given the extensive nature of the KWS information requirements and its

complexity,it was necessary to initially develop a prototype database. This is a small

scale version of the actual database required by the KWS. It is used to test the

applicabilityand suitability of the designed system in providing information to support

biodiversity resources management decisions at all levels in the organization. This

providesa means for testing the system for faults and other design deficiencies before

itsfull implementation.

6.3 Biodiversity Database Structures

The biodiversity resources database implemented in the prototype was realised by

mappingthe Formal Data Structure (FDS) model described in chapter 3 to logical data

structuresin an ArC/lnfo and Access2 database environment. Data on large herbivores,

. landcover and watering places were used to test the applicability of the proposed

biodiversity resources database in providing information for management decision

support at different hierarchic levels. In this study, large herbivores. landcover and

watering places are taken as superclasses. In the following sections, each of these

attributes is assessed on the basis of geometric, thematic and attribute data

requirement for the biodiversity resources database.

6.3.1 Large Herbivores

Methodologyfor acquiring data on large herbivores is described in Chapter 3. For the

studyarea, data on large herbivores were obtained from the Department of Resource

2 Although implemented in ArC/lnfo and Access database environments, the design of
the data structures is .Qeneric hence, they can be implemented in any other database
environment that contains topology,
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Surveysand Remote Sensing in the Ministry of Natural Resources, Kenya.

Figure6.2 illustrates the logical data structure for storing spatial and thematic data on

animal biodiversity resources. It depicts the vertical relationship between the data

~ems.In this structure, each object is made up of a geometric and a thematic partition

and has a unique identifier. This reflects the main characteristic of the FDS model

describedin chapter 3. There are two basic spatial objects from which data on animal

biodiversity resources are obtained : the sample point and the sample unit. Animal

biodiversity occur randomly within any given sample unit (Fig.6.3). Previously,

limitations imposed by technology meant that data from an animal species that was

sampled more than once in any given sample unit was aggregated and treated as a

singlereading during analysis. However with new and affordable technology in the form

ofGeographical Positioning Systems (GPS), data on the same animal species from the

samesample unit can be anaJysed separately as the coordinates of the point where

they are observed can be identified. These form sample points which are within the

sampleunit. Sample units are area features and are represented on topographic maps

andsubsequently in a GIS as polygons( Fig.6.4).
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Fig.6.3 Distribution of Animal Biodiversity Resources Within a Sample Unit
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Theseunits are represented in the GIS by linking geometrically atomic data, i.e. nodes

andarcs, to form polygons. The topology is made of arcs, from-nodes (Fnode), to-

nodes(Tnode), left polygon and right polygon. Each arc starts and ends at a node and

is uniquely identified by system generated numbers. Arcs are then processed for

closure to provide polygon statistics. Attribute data for sample units include area,

perimeter,maximum and minimum x and y coordinates. Each polygon is also uniquely

identifiedby a system generated number. In this study, a user-defined unique identifier

wasalso provided for each polygon. Tables 6.1 illustrates how the above geometric

datawere organized in the database inform of arcs and nodes.

Table 6.1 Spatial Data Structure for the Sample Unit Object Class

Arc ID SPATIAL TOPOLOGICAL ATTRIBUTE
ATTRIBUTE

Recno Coordinates Arc Fnode # Tnode# LeftPolyg # RightPolyg #

01 x,Y 1 3 1 1 2

02 x,y 2 1 2 3 2

03 x, y 3 3 2 2 9

04 x, y 4 1 5 1 3

05 x, Y 5 2 6 3 8

06 x, y 6 5 6 4 3

07 x, y 7 5 8 1 4

08 x, Y 8 8 11 1 5

09 x,y 9 8 9 5 4

10 x, Y 10 3 4 9 1

11 x, Y 11 2 4 8 9

12 x, y 12 4 7 8 1

13 x, y 13 6 7 7 8

14 x,y 14 6 9 4 7

15 x, y 15 7 10 7 1

16 x, Y 16 9 10 6 7

17 x, y 17 11 10 1 6
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Processingdata on arcs and nodes produces polygons that are stored in the database

as table (Table 6.2) containing information related to the polygon identity (system

generated),user identity (user-defined) and associated spatial attributes.

Table 6.2 Polygon Data for the Sample Unit Object Class

Poly ID User ID Spatial attributes

Recno Intern SampleUnit # Area (M2) Perimeter (M)
#

1 2 60121 25,000 20,000

2 3 61122 25,000 20,000

3 4 62123 25,000 20,000

4 5 63124 25,000 20,000

Tables6.3 illustrates how thematic data were organized in the database. Data from the

geometric and thematic partition were stored in different tables. The unique identifier

for each sample unit was used to link data from its geometric partition (digitally

captured in an Arcllnfo database environment) with that from its thematic partition

(digitallycaptured in an Access database environment). This is consistent with the FDS

rulesdescribed in Chapter 3.
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Table6.3 Thematic Data Structure for the Sample Unit Object Class

ID Coordinates
.

CENSUS # SAMPLE UNIT# FLIGHT # DATE Dir x y

9605 60121 AOO1 02123 E 439999.9 -295000.1

9605 60123 AOO1 02123 E 444999.9 -2850001

Continued

Table6.3 continued

Entity Attributes Object Attributes

Species Cl C2 Cn C"'l SH (M) SW (M) SUL(M) SUS (M) TC

EL 11 7 21 4 400 0.224 5,000 5,000 43

RH 3 400 0.244 5,000 5,000 3

ID- Unique Identifiers, Species - Species Code (e.g. EL = Elephant, Rh - Rhino), C1 - first count
of EL, C2 - Second count of EL in same Sample Unit, C.n- nthcount of EL in the same Sample
Unit,Date- Date of survey, SH - Survey Height, DIR _ Survey Direction, SW - Strip Width, SUL -
SampleUnit Length, SUS - Sample Unit Spacing, TC - Total count of a species in a given unit,
M- Metres

Thesuperclass 'large herbivores' consists of three classes (based on feeding habits

i.e. browsers, mixed feeders and grazers) and subclasses {Individual herbivore

species)as shown in Fig 6.5». In this study, 21 data subclasses were determined in

thecase study area. Thematic data for the 'lar-ge herbivore' supercJass were collected

at the subclass level. They consisted of species name and the number observed per

sampleunit.
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Large herbivores
Superc1ass

Class I Grazers I IMixed feeders I IBrowserslevel

Cattle Donkey Giraffe
Buffalo Sheep Gerenuk
T.Gazelle Goats L. Kudu
Kongoni Eland Rhino

SubclassOryx Elephant
level Ostrich G. Gazelle

Waterbuck Impala
Wildebeest ~arth09
B. Zebra

Fig. 6.5 Large Herbivore Classification Structure

6.3.2 Land Cover Superclass

Landcover data for the study area were acquired through analysis of remotely sensed

data,sample aerial photographs and ground sampling as outlined in chapter 3. Figure
-,

6.6 illustrates the hierarchic structure of land cover data. The different land cover types

(sub-classes) are stored in a GJS as polygons with polygon topology such as Fnode,

Tnode, left and right polygons. Each polygon is given a unique identification. The

classification hierarchy is stored in a relational database environment using a table.

Theattributes in such table include: unique identification, area, circumference, specific

landcover type, and general land cover type.
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UII ings Plantation Woodland
Artifacts Semior Shrubland Fallow
Canals Natural DwarfShrub CFC'
Dams Grassland Tree crops

Herbaceous Fibres

Lakes Barren rock
Rivers Beaches
Ponds Badlands

Mudflats

Sub-
lass

Level

If-_Class
Level

Fig. 6.6 Land Cover Classification Structure (modified from the ITC world land cover
and land-use classification system (Zonneveld, 1988))

6.3.3 Watering Places Superclass

Dataon watering places in the study area were extracted and digitally captured from

1:100,000 topographic maps produced by the Department of Survey, Kenya, and

georeferencedto the UTM grid. Fig. 6.7 illustrates the hierarchic structure for watering

placesdata. There are five main waterinq places for whjch data were stored in the data

base; rivers and streams, dams and ponds, lakes, water holes, and swamps and

marshes. Data on linear features (Le. rivers and streams) were represented in the

databaseby arcs made up of three atomic data items consisting of the line segment,

a Fnode and a Tnode. Each arc (a river or stream) is uniquely identified by a system

generated reference number plus a user provided reference code. Lakes, dams,

swamps and marshes are represented in the database as polygons with polygon

topology such as from-node, to-node, left and right polygons. Water holes and ponds

arerepresented in the database as points using their x and y coordinates. The logical

data structure for storing spatial and thematic data on watering places was similar to

thatof animal biodiversity resources (Fi9- 6.2) only that the entity attributes and object
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attributeswere different.

6.4 Topographic Sub-database

Thedatabase described above should provide information to support management

decisions at various levels in the biodiversity resources management hierarchy as

reviewed in Chapter 2. To facilitate the extraction of information for use at different

levelsin the management hierarchy, a topographic sub-database was designed and

implementedin an ArC/lnfo environment. The sub-database contains data on different

terrain Objects that include national, regional, ecosystem and protected area

boundaries.These data are stored as polygons, with polygon topology such as Fnode,

Tnode,and left and right polygons. Other attributes include area, perimeter, and unique

identification codes.

Throughthe concept of aggregation described in Chapter 3 section 3.3.2, sample units

aselementary objects are aggregated into ecological units which are composite objects

(Fig.6.8). These are then represented on a map and subsequently in a GIS as ecologic

unit map polygons (= Eco-UniLMpolygon). At a higher level, ecological units are

CLASS
LEVEL

SUPERCLASS
LEVEL

PERMANENTSEASONAL PERMANENT SEASONAL
RIVERS/ RIVERS/ DAMS/ DAMS/
S AMS STREAMS PONDS PONDS

I I
PERMANENT SEASONAL SUB CLAS

WATER WATER -
HOLES HOLES LEVEL

Fig.6.7 Watering Places Classiflcatlon Structure
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aggregatedto form region map polygons (Region_Mpolygon) which in turn are

aggregatedto form the national map polygon (NationaLMpolygon). The top three

levelsin this biodiversity resources hierarchy correspond to the three levels in

biodiversityresources management as discussed in Chapter 2 section 2.1.5. Each Eco-

Untt and Region in the country was assigned a unique code. To facilitate the formation

of compositeobjects such as region or national object classes from elementary objects

(i.e.eeo-units object classes) each Eco-Unit was assigned a regional and a national

code.This makes it possible to expand the hierarchy to cater for the supra-region and

continentas may be necessary.

NATIONAL_MPOL YGON
(NATIONAL LEVEL)

REGION_MPOL YGON
(REGIONAL LEVEL)

ECO-UNIT _MPOL YGON
(LOCAL LEVEL)

SAMPLE -UNIT _MPOL YGON

SAMPLE POINT

Fig.6.8 Aggregation Hierarchy in Biodiversity Resources

6.5 Program Design

A computer program was designed to provide information for decision support at the
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differentlevels in the biodiversity resources management hierachy. This program

consistsof some four main modules including modules for data quality control, basic

statisticalanalysis, distribution and advanced statistical analysis. Fig. 6.9 illustrates an

overviewof the program flow of the main modules and the environment under which

theyoperate in the biodiversity resources information system.

ADVANCED
STATISTICAL It-:~----'

MODULE

ARC/INFO
ENVIRONMENT

10. DATA QUALITY,.
MODULE

...•..
10. BASIC
" STATISTICAL

MODULE

ARC/INFO
ENVIRONMENT

ACCESS
ENVIRONMENT

ARC/INFO
ENVIRONMENT "

SPECIES
NUMBERS

ARC/INFO 10. DISTRIBUTION
ENVIRONMENT ,. MODULE

Fig. 6.9 Overview of Program Flow in the Biodiversity Resources Information
System for KWS

InChapter 3 it was illustrated that effective management of biodiversity resources

depends on the availability of reliable data from which credible information for

managementdecision support can be extracted. Also described was how errors are

introducedinto data at the collection stage and during data entry into the database. To

minimizethe occurrence of such errors during the acquisition stage, data should be

collectedin a consistent manner by applying consistency rules and use of reliable

methods and techniques. The data quality module in the biodiversity resources
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informationsystem checks for errors that may be introduced into the data during data

entry.This module checks for consistency in data of the three observers in any SRF

survey, typing errors in species codes, abnormal herd sizes and compares visual

versusphoto counts of large herds of herbivores seen during a survey. The product

hereis an ASCII file containing data on sample units, date of survey, direction, strip

width,survey height and number of animals of any given species seen in the sample

unit.This forms the basis for all subsequent analysis of the data using the other three

modules.

Fig.6.10 illustrates an overview of the program flow in the basic statistical module. This

modulecalculates population estimates for the different animal species. This can be

doneat the protected area, ecosystem, regional or national level. This module starts

by sorting out the data on the basis of direction of survey i.e. all data in which the flight

directionwas East or West are grouped together. It then relates data on survey height,

strip width, sample unit length, and number of animals per sample unit to produce

transectlength, number of animals per transect, and sample area. These parameters

arethen used to calculate population estimates for the different animal species.
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JOLLY
STATISTICS

BIODIVERSITY
RESOURCES
DATABASE

ANIMAL
RESOURCES

SUB-DATABASE

•.. SORT DATA

RELATE DATA

CALCULATE
STATISTICS

"'II~•..r--------z;......---""!
L...-- ,. SPECIES

NUMBERS

SPECIES
DISTRIBUTION

ADVANCED
STATISTICAL

ANALYSIS
(e.g. trend

analysis)

Fig.6.10 An Overview of the Program Flow in the 'basic statistical module'
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Further,Fig. 6.11 illustrates an overview of the program flow in the 'distribution

module'.This module models the distribution of diferent animal species at a given point

intime.This can be done at the protected area, ecosystem, regional or national level.

BIODIVERSITY
RESOURCES
DATABASE

1
ANIMAL

RESOURCES
SUB-DATABASE

SPATIAL
(GEOMETRIC)

DATA

SELECT AREA
(NATIONAL.-
REGION OR

ECOSYSTEM)

SELECT MODE
OF OUTPUT

(SYMBOLS OR
NUMBERS)

..

RELATE SPATIAL
Se THEMATIC DATA

I MAP IPRODUCT

Fig.6.11

THEMATIC
DATA

SELECT
SPECIES

An Overview of the Program FJow in the 'distribution module'
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6.6 Summary

Chapters1 and 2 it was shown that there is a hierarchic structure in the management

of biodiversity resources and that the different levels in the hierarchy represent

different decision- making contexts. Each of these requires different levels of

abstraction of information. Because data collection can be expensive and time

consuming,there in a need for their sharing at the different levels in the management

hierarchy. The data should therefore be structured is such a manner as to allow for

multiple abstraction and interpretation from the same data. To achieve this, it is

essentialthat the underlying data model provides a stabJe environment for the data and

flexibilitythat will facilitate their rigorous usage during the management of biodiversity

resources.A prototype of such a data model has been presented in this Chapter. The

logical data structures built for this prototype are based on a conceptual data model,

i.e.the Formal Data Structure (FDS), described in Section 3,3 of Chapter 3. Up to now,

allthe organizations that use SRF for acquiring data on large herbivore use the sample

unit as the basic unit for data collection. All the data on a particular animal species

collected at various points in a given sample unit are aggregated before analysis.

However not all data on animal biodiversity resources can be collected from SRF.

Some are collected from ground surveys. In the prototype biodiversity information

system,the data from each sample unit are not aggregated but are instead recorded

asindividual records at points that are georeferenced. In this way, data from both SRF

and ground surveys can be linked in the database. Using concepts of aggregation

describedin Chapter 3, data for sample unit can then be generated at a higher level.

Defininga data model and a database structure for a biodiversity resources information

systemis a step towards providing information for decision support in the management

ofbiodiversity resources. The next step is to acquire data on biodiversity resources for

storage in the database. There are many methods that can be used in biodiversity

resources data acquisition. The methods in this study are described in detail in the

following Chapter 7.
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Chapter7: Data Acquisition: Integrating Remotely Sensed and

Ancillary Data in a GIS to Acquire Data on Plant

Biodiversity Resources

7.1 Introduction

Land cover maps are the main source of data on plant biodiversity resources.

Traditionally, land cover maps are compiled by extracting data from aerial photographs

andground surveys. Since the advent of remote sensing from space, reflectance data

in a digital format has also become available for mapping land cover, but one of the

mainconstraints to using remotely sensed data is their scale. When used alone, only

generalland cover classes can be extracted from these data, and these classes do not

containsufficiently detailed information to support biodiversity management decisions

at the regional and local levels. This chapter describes a method that integrates

remotelysensed and ancillary data in a GIS to produce land cover maps that contain

sufficient information, on plant biodiversity resources, to support management

decisions at national, regional and local levels.

Thelarge geographic extent of many protected areas, and the corresponding high cost

of inventory and monitoring have necessitated the development of accurate and cost-

effective methods and tools for rnappinq and monitoring land cover. Conventional

groundsurvey techniques of obtaining land cover information although more accurate,

involvesintensive field work, are slow and expensive because many locations must be

sampled to represent the diversity of many landscapes. Aerial photo interpretation is

a less intensive technique, but involves greater uncertainty because of reliance on

subjectiveassessment rather than quantitative data. Remotely sensed digital satellite

data and spatial analysis techniques provide timeJy and relatively inexpensive land

coverinformation. In recent years, computer-aided classification of satellite digital data

has proved useful for inventorying and monitorinq land cover over large and varied

landscapes(Tucker et al., 1985; Cibula, 1987; Franklin and Hiemaux, 1991; Niemann,

1993; Huising, 1993; Janssen, 1994). However, satellite data quality in terms of
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reliabilityand accuracy is sometimes unsuitable for certain management applications.

Overall, accuracies have varied from 50% to 90%, depending on topography, land

covertype, classification hierarchies and image acquisition date (Shimoda et al., 1988;

Niemann,1993; Jansen et al., 1990). Anuta (1977) and Hutchinson (1982) concluded

that spectral data alone are inadequate descriptors of many terrain phenomena and

mustbe augmented by information from other sources. In this Chapter, a combination

of techniques are used to illustrate how remotely sensed data can be used to extract

information that is sufficiently accurate to support management decisions on plant

diversity resources at national, regional and local levels.

Satellite data used to map land cover are digitally classified based on their spectral

characteristics of the image. The classes are then assigned labels that represent

different land cover types. It is sometimes difficult to identify classes on the basis of

their spectral characteristics, resulting in misclassification and the lower overall

accuracy of the information extracted, especially in areas of very pronounced relief

variation (Franklin, 1989).

There are several ways to improve information extraction from satellite data for land

cover mapping. One of the most promising approaches is through the integration of

remotelysensed and ancillary data using spatial analysis techniques. As observed by

Hutchinson (1982), ancillary data can be incorporated in jmage classification during:

pre-classification scene stratification, post-classification sorting, and classification

modification through .prior probabiJities. This involves human intervention and

judgement, and the effects are reflected in the overall accuracy of the final land cover

map,which determines its fitness for use in a given context. Ancillary data can be used

to improve land cover classification accuracy only if their relationship with an image

class is known. Most of these data are readily available in the form of thematic maps

(soil, topography, geology and climate). Various studies have applied the three

approaches of incorporating ancillary data with varying results. For instance,

Middelkoop and Janssen (1991), using ancillary data and knowledge as prior

probabilities in a knowledge-based classification of satellite images, obtained an
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improvementin the overall accuracy of 4% to 20% with respect to results based on only

spectral information. In an earlier study, Benson and DeGloria (1985) used expert

knowledgeto visually interpret TM data to discriminate different land cover types, and

obtained a low overall accuracy of 56% compared with the minimum classification

accuracyof 85% that was considered acceptable for the study. Later, Kenk et al. (1988)

assessedthree approaches for improving classification accuracy, and concluded that

thebest results were obtained by using a combination of three spectral bands; beyond

that, the choice of bands had no significance. Niemann (1993) integrated thematic

mapper(TM) data, a Digital Elevation Model (DEM) and locational information data in

landcover classification, and the results indicated that TM data with ancillary data are

notadequate to generate the results desired in an old-growth forest inventory. Niemann

(1993)used 11 features: seven TM bands and four extra bands of ancillary data. The

use of ancillary data (elevation, slope, aspect, forest cover) as extra bands in digital

imageanalysis only marginally improved the overall accuracy. On the other hand, use

of context techniques yielded a more acceptable map product with ecologically

significant boundaries.

Of the many available technologies and conceptual approaches to spatial data

analysis,geographic information systems (GISs) have been widely recognized as the

most promising tool for providing reliable information for both planning and decision

making tasks (Michalak, 1993). Earlier on, Ehlers et al (1989) expounded on the

integration of the capabilities of remote sensing as a data acquisition tool and the

analysis and' storage capabilities of GIS as a necessary development in providing

informationfor resource management. However, extraction of this information is seldom

a straightforward process since it is often (partly) based on non-formalized inference

rulesusing a combination of different types of remote sensing data and existing object

data (Molenaar and Janssen, 1994).

The specific objective of this chapter is to illustrate how sufficiently detailed data to

support biodiversity resources management decisions at national, regional and local

levels can be obtained by integrating remotely sensed and ancillary data in a GIS

environment.

119



7.2 Land Cover Mapping

Figure7.1 summarizes the main procedure followed in this study for data acquisition,

starting fromdata collection and database development to image classification and the

integration of ancillary data. The steps in the flow chart are described in subsequent

sections.

'PH::ms " roP~::HIC I l SPOT DtAGI DATA I
• • l

,-- -ANCILLARY DATA 11t----~(I1AXIMLJr1 LIKELIHOOD )1+- --'
L CLASSIFICATIOtt J

~

, EXPERT JafOWLEDGE ,

I COURSE COVER CLAS~
LABELS PER PIXEL

FIELD OBSERUATIOHS }-

- ( STRATIFICATIO" TRAIPlIJtG DATAl

I STRATIFIED IMAGE ,

~

[
MXII1lI'1 LIKELIHOOD '1+- --'

CLASSIFICATUI't J

1
I SPEcnc aJlJER CLASS 14-1----,

LABELS PER PIXEL I
l

( mAGI REFIHEnErtT )

1
'---------+ll FDtAL LArtD COIJER

1 TYPE "AP
ACCURACY ASSESSrmIT

I CLASSIFICAnO" ERROR ,
MATRIX

Fig. 7.1 Scheme for Integrating Remotely Sensed and Ancillary Data in Land
Cover Mapping
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7.2.1 Data Collection

Anearlycloud-free Spot XS image of 25 March 1992 was acquired for the study. The

datecorresponds to the end of the dry season, when most agricultural fields have been

preparedfor planting. Three spectral bands of data were available for use : band 1

(O.51-O.59jim), band 2 (0.61-O.68pm) and band 3 (0.79-0.89jim). The image pixel size

was20 x 20 m. Black-and-white aerial photographs of January 1994 (scale 1:20,000)

andtopographic maps (scale 1:50,000) were also used.

7.2.2 Data Processing

Land cover mapping involved three processes: processing of remotely sensed

data(satellitedata), processing of £round truth data, and the integration of ancillary

data(Fig. 7.1).

7.2.2.1 Satellite Image

Tofacilitate the integration of other spatial data with remotely sensed data, the Spot XS

imagewas geometrically corrected (using an affine transform and nearest-neighbour

resampling) to a Universal Transverse Mercator (UTM) coordinate system. Fourteen

controlpoints, identifiable on both the image and reference topographic maps, were

used.The resultant data file had a root mean square error of 0.7 pixels. The spatial

resolutionremained 20 m.

A supervised classification of the image was done using the remote sensing image

processingsystem ERDAS. This approach relies on apriori knowledge of the surface

coverof the area under study to enable the predetermination of class breakdown. The

approachwas used for two reasons: to achieve meaningful classes in the context of the

studyobjectives, taking into account the potential range of cover classes that can be

obtained when conventional land cover techniques are used, and because good

topographic maps and recent aerial photographs of the area were available. Using

121



thesetogether with expert knowledge of the general relationships between the

geophysicaland biophysical components of the landscape, it was possible to define

somepossible land cover types. The result was a classified image with 20 spectral

classes.These were coarse classes that formed the basis for selecting sites to be

visitedto collect training and test data samples.

7.2.2.2 Ground Truth Data

Procedureused to obtain ground truth data used in land cover mapping are explained

inchapter3 section 3.2.1 (b) (i). According to Huising (1993), not all land cover classes

defined in the field can be recognized spectrally. Several cover classes may be

generalized into a superclass. Through interpretation, the superclasses can be

separatedinto the cover classes defined in the field. Rules have to be defined for this

interpretation. Representative samples of each land cover type defined in this study

weredivided into two sets. One set was used for developing training statistics for the

supervised classification of the image, The second set was used to evaluate

classification a~y and was au.gmented by 350 samples extracted from a

vegetationmap constructed from a survey carried out in April 1994 (RLE 3, 1994).

7.2.2.3 Integrating Ancillary Data

Any form of data other than the ori.Qinalirnaqe data is ancillary data. Most of these data

are readily available in the form of thematic maps. The ancillary data for this study

were processed and stored using the integrated land and water information system

(ILWIS,1993). Required information was extracted from aerial photographs through

the process of photo interpretation as sequenced in Fig. 7.2. This process involves

four phases: photo reading (detection, recognition and identification), analysis,

classification and deduction (Van Zuidarn, 1985~Huising, 1993). Only information

relevant to the study was extracted. Using pattern recognition, it was possible to

subdivide the small-scale a.Qriculturalfields into different categories, and also to

distinguish between river valleys under agriculture and natural vegetation. The
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delineatedareas were then digitized and, using ground control points from the field, the

polygons were transformed to a UTM grid and stored in the GIS. Mylar copies of

1:50,000scale topographic map sheets of the study area with a contour interval of 50

manda UTM coordinate system were digitized. The contour lines were then rasterized

tocreatea raster map, which was interpolated to create a regularly spaced 20 x 20 m

elevation grid. This formed the digital elevation model. Three data sets, 'elevation',

'slopegradient' and 'slope aspect,' were extracted from the DEM and stored in the GIS

database.

Tocarry out their day to day functions, biodiversity resource managers require land

coverinformation to be defined in a form of land cover types, which is an object-based

structure.It is noted that data on a remotely sensed image are recorded on a pixel-by-

pixelbasis (raster structure), with each pixel representing a geographic position and

thereforenot readily usable by managers. A terrain object can thus consist of one or

morepixels. Therefore, for remotely sensed data to be of optimal benefit to biodiversity

resourcemanagers, individual pixels have to be related to terrain objects. This requires

thatthe position-based structure of remotely sensed data be converted into an object-

based structure ( Molenaar and Richardson, 1994). Molenaar and Janssen (1994)

proposedtwo approaches for linking object and remote sensing data: spectral data,

classificationand segmentation results can be linked directly to already defined terrain

objects, or a priori object information can be used to improve the quality of the

informationextraction from remotely sensed data. The second approach was used in

thisstudy.
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Fig.7.2 Scheme for Processing Ancillary Data

7.2.3 Class Hierarchies

From an ecologic perspective, land cover classification is based on a hierarchy

concept.Applying this concept produces a hierarchic object class structure as

describedin Chapter 3. At the highest hierarchic level, object attribute data are tested
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againsta set of decision rules. These rules form the basis for grouping together objects

with closely related attribute data to form superclasses (Fig. 7.3). In this study land

coveris the superclass. Each superclass then defines the context for its subdivision at

thenext level, using a new set of decision rules. Initially, broad classes were defined,

thenby stepwise refinement more specific sub-classes relevant to the study were then

defined. Not all defined classes could be identified on the image on the basis of their

spectral properties. This was mainly due to either their limited spatial extent or the

heterogenous nature of the structure of the plant species present. The quality of

classificationwas inadequate for biodiversity resources management at the local level.

To improve on the precision and accuracy of the classified image, post-classification

sortingwas carried out using ancillary data digital elevation model, slope data and farm

density data from aerial photographs), decision trees and decision rules.

Fig.7.3
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Relationships Between Classification Tree and Class Hierarchies
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The process was repeated until all the identified spatial units (or objects) had been

assigned to one of the predefined classes. At each level, there was a specific set of

ruleswhich was context -dependent and had to be met before an object was assigned

to a group. These rules were designed to trigger specific actions by the objects.

7.2.3.1 Decision Tree for Classifying Land Cover Types

Decision rules provide a link between ancillary data and the land cover classification

process, and define the context for the next lower classification level. Different types

of ancillary data are required at different levels in the classification process. For this

study,a decision tree was used to define the structure for incorporating ancillary data

in the classification process (Fig.7.4).
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image Classification for Land Cover Mapping

Decision trees consist of nodes at which more than one class assignment is possible.
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At the nodes, decision rules have to be applied to determine the appropriate class.

These are Boolean rules with the following structure:

IF {conditions} THEN {new label} OTHERWISE {old label}.

Inassigning a label, certain conditions have to be satisfied, otherwise the pixel retains

itsold label. The process involves cross-referencing two or more geospatial data sets

held in the GIS (ILWIS).

The rules throughout the study were structured in a hierarchic way so that the resultant

landcover classes reflected the natural ecoloqic hierarchy in landscapes. Ancillary data

were used at three levels: during the pre-classification stratification and at two levels

during the post-classification sorting. They were initially used during the pre-

classification stratification of the image, using topography and two basic factors of

photo interpretation, 'pattern' and 'shape', as criteria in the form of Boolean rules.

7.2.3.2 Stratification and Masking

An evaluation of the initial classified image identified problem areas (areas under small-

scale agriculture in the highlands and areas under large-scale agriculture in the

lowlands), which were also confirmed from field data. There were strong indications that

stratification would Significantly improve land cover identification. Criteria used in image

stratification should be determined on the basis of the land cover classification

objectives. The land cover information from this study forms an input into the elephant

habitat suitability rating model; thus the only areas of interest in this context are those

accessible to elephants. Accessibility is determined by landscape features (slope) and

human activity (land use and settlements). There is a steep rise in relief after 1200 m

amsl which acts as a barrier to elephants, effectively restricting their access to the

higher elevations. In the study area, there are also large-scale agrjcultural farms whose

management strategy includes the exclusion of elephants.
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Using information from the DEM, the image was stratified into two parts: above and

below 1200 m amsl. On the basis of pattern, shape and field observations, it was

possible to extract areas under large-scale agriculture from aerial photographs. The

main crop on the large-scale farms was sisal at various stages of its life cycle. The

different growth stages produced different spectral responses on the image. Since it

was not the objective of this study to distinguish the different growth stages of the

crops, all growth stages were classified together and assigned the same land cover

type,which was then stratified and excluded from the supervised classification process

of the image that followed. The cover type was later reincorporated into the final

classified image. Stratification was done using Boolean decision rules and the elevation

and land unit data held in the GIS, and had the following structure:

Use georeferenced image, land unit map (LUM) and digital elevation model

(DEM).

Rule 1

IF a pixel is <1200 m amsl on the DEM, THEN retain the value of the

corresponding pixel on the image, OTHERWISE assign the

corresponding pixel on the image a value of zero. New image is stratified

image one.

This resulted in an image where only the pixels in the area below 1200 m amsl retained

their original digital values and all other pixels were assigned a value of zero. The

second rule was applied to this stratified image.

Rule 2

IF a pixelon the LUM is classified as sisal plantation, THEN assign the

corresponding pixel on the image a value of zero, OTHERWISE retain the

original image value.

This resulted in a stratified image that excluded all areas above 1200 m amsl and the
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sisalplantations. A supervised classification of the image was then carried out using

themaximum likelihood classifier and resulted in a classified image with more specific

classes.

7.2.3.3 Stratified Re-classification

Ancillary data were next used in post-classification sorting. Decision rules were

targetedtowards improving the classification accuracy of the one class (forest) and two

sub-classes (forest along river valley and bush land on steep slopes) with the most

spectral overlap. The spectral reflectance of 'bushland on steep slopes' is often

confused with that of 'forest'. Although both are dominated by evergreen woody

species,the species are different owing to their geographic locations. The cover type

'forest' occurs on the upper foot slopes of the Taita hills at an elevation of >1000 m

amsl.This area not only receives more rainfall, but considerable soil moisture also

seepsin from the higher ground, enough to support a low tropical montane forest. The

hillslopes, on the other hand, lie between 850 and 1000 m amsl, are steep sided (16°

slope)and receive less rainfall that can support only dense bush vegetation. Because

of the steep slope, there is less evidence of human impact on this land cover type.

Decision rules 3 and 4 were designed to separate the two sub-classes, and also to

distinguish 'bushland on steep slopes' from other bush land cover types.

Use classified image, elevation map (DEM), slope map and distance from river

map.

Rule 3

IF a pixelon the image is classified as 'forest', 'forest along river valley 'or

'bushland on steep slopes', and is at an elevation of >1000 m amsl,

THEN assign the cover type 'forest', OTHERWISE retain the original

cover type.
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Rule 4

IF a pixel on the image is classified as 'bushland on steep slopes',

'undegraded bushland' or 'totest', is at an elevation of between 850 and

1000 m amsl, and has a slope of >1()o, THEN assign the cover type

'bushland on steep slopes', OTHERWISE retain the original cover type.

RuleS

IF a pixelon the image is classified as 'forest' or 'forest along river valley'

or 'bushland on steep slopes', is below 1000 m amsl, has a slope of >4%

and is < 200 m away from a river, THEN assign the cover type 'forest

along river valley: OTHERWISE retain the original cover type.

Thenext set of decision rules (6 to 8) were designed to subdivide and update the land

cover superclass 'fields', using information extracted from aerial photographs of

January 1994. Two basic factors of photo interpretation, 'pattern' and 'shape', were

usedas criteria for extracting information stored in a GIS in the form of a detailed land

unitmap of fields and settlements. Ancillary data were used here not only to delineate

moreprecise cover classes of the class 'fields', but also to update object boundaries

onthe image.

Use classified image and land unit map.

Rule 6

IF a pixel on the land unit map is marked small-scale agriculture <30%

cover, THEN assign the corresponding pixel on the classified image the

cover type 'Iow-density small-scale agriculture'; IF marked small-scale

agriculture 30-60% cover, THEN assign the corresponding pixel on the

classified image the cover type 'medium-density small-scale agriculture';

and IF marked small-scale agriculture >60% cover, THEN assign the

corresponding pixel on the classified image the cover type 'high-density

small-scale agriculture', OTHERWISE retain the original cover type.
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Rule 7

IF a pixelon the land unit map is marked 'small-scale agriculture along

river valley: THEN assign the corresponding pixel on the classified image

the cover type 'small-scale agriculture along river valley', OTHERWISE

retain the original cover type.

Rule 8

IF a pixel on the land unit map is marked 'permanent settlement', THEN

assign the corresponding pixel on the classified image the cover type

'settlement', OTHERWISE retain the original cover type.

Byapplying decision rules 6, 7 and 8, it was possible to determine the current extent

of the land cover class 'field' and the class 'settlement'. At this stage, ancillary data

were incorporated into the classified ima.ge to produce more precise and accurate

classes.

7.2.3.4 Mapping Land Cover Classes and Subclasses to Actual Land Cover

Types

Onthe basis of field information, six land cover classes were identified (Table 7.1). On

the basis of structure, the class 'open natural vegetation' was divided into two sub-

classes,ie, 'woodland' and 'bush land'. Bushland was further subdivided into five sub-

classeson the basis of landscape processes and soil types. On the basis of relief, the

classforest was divided into two sub classes, while fields were divided into four cover

sub-classeson the basis of farm density and relief. In total, 15 land cover classes and

sub-classeswere defined. During pre-classification stratification of satellite digital data,

one cover class, ie, plantation, was defined and assigned the label 'sisal'. Of the

remainingfourteen, ten could be distinguished on the basis of their spectral properties

inremotely sensed data, and by using field information they were assigned names of

actual land cover types.
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Table 7.1 Mapping Land Cover Classes and Subclasses to Land Cover Types

Super-class Class Sub-class Label Land cover type (sub-

class)

Water body Dam 1 Water

Plantation Sisal crop 14 Sisal crop

Woodland 8 Woodland

Bushland 5 Undegraded bushland

(undegraded)

Bushland (degraded) 4 Degraded bushland

Bushland Dense bush land on 6 Dense bush land on
Open natural limestone limestone
vegetation Bushland on 7 Bushland on limestone

limestone

Bushland on steep 9 Bushland on steep

slope slopes

3 Forest along river

Natural forest valley

10 Forest

<30% cover 12 Low-density small-scale

agriculture

30-60% cover Medium-density 11 Medium-density small-

Fields small-scale scale agriculture

agriculture

> 60% cover High-density small- 13 High-density small-

scale agriculture scale agriculture

> 60% cover High-density small- 2 High-density small-

scale agriculture scale agriculture

Buildings Settlements 15 Settlements

..
Different field densities could not be segregated spectrally from remotely sensed data,

while buildings could not be identified at all owing to the predominant use of dry plant

material for roofing. Using information on field and building density from aerial

photographs, it was possible to map the field and building land cover classes onto their

133



actual land cover types.

7.2.4. Classification Accuracy

Landcover information extracted from remotely sensed data is now fundamental to a

variety of applications, including land use mapping and monitoring, land use planning,

ecologic monitoring of both natural vegetation and agricultural ecosystems, mapping

ofhabitat suitability, and land evaluation. Planners and decision makers who use this

information should be made aware of its accuracy. In this study, classification accuracy

was assessed at three stages, i.e. after: classification based on image spectral data,

classification based on image data and ancillary data extracted from topographic maps

(elevation, slope, aspect), and classification based on image data and ancillary data

extracted from topographic maps and aerial photographs. The data used in the

accuracy assessment and the data used for training statistics were collected

simultaneously.

Classification accuracy was assessed at these three stages (using the ERDAS image

processing software) by building a k x k confusion matrix with test pixels. This is a

square array in which the column and row for each position indicate the actual class of

a number of pixels, and the class to which those pixels have been assigned following

classification. The main features of these matrixes, and the merits associated with their

use, are discussed elsewhere in literature (Story and Congalton, 1986; Mather, 1987;

Kenk et al., 1988;). Test pixels are chosen as a sample of all available pixels in the

image being classified, and numerous combinations of pixels are possible. It is likely

that the distribution of accuracy values could be summarized by a conventional

probability distribution such as the hypergeometric distribution (Mather, 1987). This

makes it possible to evaluate the confidence limits for each classification accuracy

value. A lower confidence limit associated with each value was calculated using

Equation 1, provided by Jensen (1986):

s = P - [ zJ(PQ/N) + 50/N ] (Equation 1)
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where

s = lower degree of accuracy at the given confidence level

z = (100-r)/1 Oath point of the standard normal distribution

r = confidence level

p = % of correctly classified pixels

Q = % of incorrectly classified pixels [(100 - P)%]

N = total number of test pixels.

7.3 Results

Aftereach classification (Fig. 7.2), an accuracy assessment was carried out using the

independent test data. The initial classification using training statistics from all defined

land cover types resulted in a low overall classification accuracy (35.6%). Spectrally,

itwas not possible to: distinguish settlements on the imaqe, subdivide the class 'fields'

intothe different sub-classes defined, or separate forest along river valleys from forest

at higher elevations and bushland on steep hill slopes. A second classification followed

using the class 'fields' instead of the three sub-classes defined. The cover class

'settlements' was excluded at this stage. After classification, a majority filter was applied

to the image. The key to the land cover superclass and classes distinguished is as

already shown in Table 7.1. Table 7.2 shows the results of the overall accuracy

assessment of the image. Only five of the 11 sub- classes had accuracy results above

the threshold of 70% considered acceptable in this study for use in the management

of biodiversity resources at the local level (Table 7.2). The initial overall classification

accuracy was 59.72%, with a 95% lower confidence limitof 56%. The results show a

considerable spectral overlap between the land cover types 'forest along river valley',

'forest' and 'bushland on steep slopes'.

If classification was 100% correct, then all cells off the main diagonal would be filled

with zeroes (Table 7.2). Values off the diagonal below a column heading indicate errors

of commission (erroneously including pixels from another class). Values off the

diagonal along a row heading indicate errors of omission (erroneously excluding a pixel
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from a class).

PROD and USR are two estimates of overall classification accuracy from the original

matrix (Story and Congalton, 1986). PROD is the averaged probability in percent that

an assessment pixel will be correctly classified. It indicates the average extent of the

errors of omission. USR is the averaged probability in percent that a pixel from the

classified image actually represents that class on the ground, ie, the reliability of the

classification. It reflects the average extent of the errors of commission.

Table 7.2 Accuracy Assessment Results from the Classified Image Using the

Maximum Likelihood Classifier and a Majority Filter

labels for land cover types (see Table 7.1).

1 2 3 4 5 6 7 8 9 10 11 PROD
1 5 0 0 0 0 0 0 0 0 0 0 83
2 0 18 4 0 0 0 0 0 0 1 0 64
3 0 3 4 0 0 0 0 0 0 3 0 15
4 0 1 1 70 8 1 1 1 3 0 16 88
5 1 3 12 7 74 1 3 3 8 31 0 71
6 0 0 0 0 2 33 2 0 0 0 0 91
7· 0 0 0 0 2 1 17 0 3 0 0 68
8 0 0 0 2 7 0 1 29 0 0 7 80
9 0 0 0 0 10 0 1 2 24 4 0 48
10 0 5 16 0 1 0 0 0 18 24 0 36
11 0 0 0 0 0 0 0 1 0 0 11 27

USR 100 78 60 75 51 89 74 63 61 36 91

Numbers 1-11 are the labels for the defined land cover types.
PROD = producer accuracy, USR = user accuracy.

Average producer accuracy = sum of producers accuracies (671) / number of classes (11)=
61%
Average user reliability = sum of users accuracies (778) / number of classes (11)= 7 1%
Overall accuracy = sum of diagonal (309)/assessment pixel total (509) = 60%
Lower 95% confidence limit = 56.0%
* averages are weighted by class size.

The incorporation of decision rules 3, 4 and 5 resulted in improved precision in

predicting areas under 'forest'. 'bushland on steep slopes' and 'forest along river

valleys', and the improved reliability of the classification, as confirmed by the increase

in the overall classification accuracy to 72%, an increment of 12% (Table 7.3).
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Although the application of decision rules 3, 4 and 5 improved the overall classification

accuracy by 12%, there were still low classification accuracies for sub- classes 3 and

11,and one sub-class (settlements) was not distinguished at all (Table 7.4). From field

observations, there were three distinct categories of agriculture cover classes,

depending on the level of intensity, whose categories were determined by the

percentage cover of agricultural plots. Newly settled land had a lower percentage cover

by plots than areas that had been settled for longer periods. The next step was to test

whether the integration of higher spatial resolution ancillary data could aid in:

separating different agriculture categories according to intensity, distinguishing

settlements, and determining the actual extent of agriculture in river valley bottoms.

Table7.3 Accuracy Assessment Results from the Classified Image
Reclassification Using Decision Rules3, 4 and 5

Labels for land cover types (see Table 7.1).

1 2 3 4 5 6 7 8 9 10 11 PROD
1 s 0 0 0 0 0 0 0 0 0 0 83
2 0 21 0 0 0 0 0 0 0 1 0 75
3 0 0 16 0 0 0 0 0 0 0 0 41
4 0 1 1 70 8 1 1 1 0 0 16 88
5 1 3 8 7 87 1 3 3 3 28 0 83
6 0 0 0 0 2 33 2 0 0 0 0 91
7 0 0 0 0 2 1 17 0 3 0 0 68
8 0 0 0 2 7 0 1 29 0 0 7 80
9 0 0 0 0 4 0 1 2 39 4 0 69
10 0 5 12 0 1 0 0 0 11 37 0 58
11 0 0 0 0 0 0 0 1 0 0 11 27

USR 100 95 100 70 61 89 74 74 83 56 91

Numbers 1-11 are the labels for the defined land cover types.

Average producer accuracies (PROD) =
Average user reliability (USR)
Overall accuracy
Lower 95% confidence limit

69%
= 82%
= 72%

= 69%

By applying decision rules 6, 7 and 8, it was possible to merge more recent information

on the actual extent of the land cover class, 'field' and sub-class, 'settlement' into the

classified image. The next stage involved the fusion of the classified image with the
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image containing the class 'plantation'. Comparison of cover types showed no

significant difference between the land cover types 'dense bushland on limestone' and

'bushland on limestone'. In most cases, the former was embedded in the latter. As a

result,the two sub- classes were merged. This resulted in the improved precision of the

final classified image with a total of 14 land cover types (Table 7.5). There was also

improved reliability regarding the information content of the classified image, with an

overall classification accuracy improvement of 25% (Table 7.4).

Table 7.4 Accuracy Assessment Results from Final Classified Image
Labels for Land Cover Types (see Table 7.1).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 PROD
1 6 0 0 0 0 0 0 0 0 0 0 0 0 0 86
2 0 29 0 0 1 1 0 0 0 0 1 2 0 0 88
3 0 0 7 0 0 0 0 0 0 0 0 0 0 0 50
4 0 0 0 30 4 1 0 0 0 0 0 0 0 0 67
5 0 0 5 3 33 2 1 5 1 0 0 2 0 0 62
6 0 0 0 2 0 14 0 0 0 0 0 0 0 0 64
7 0 0 1 2 5 0 19 0 0 0 0 2 0 0 91
8 0 0 0 3 2 2 0 28 1 1 0 0 0 0 80
9 0 .0 0 0 0 0 0 0 15 0 0 0 0 0 75

10 0 3 0 2 3 0 0 1 0 31 0 1 0 0 94
11 0 0 0 0 1 0 0 0 0 0 20 0 0 0 87
12 1 1 0 1 1 1 0 0 1 1 2 41 0 0 80
13 0 0 0 0 0 0 1 1 1 0 0 3 12 0 100
14 0 0 0 0 0 0 0 0 0 0 0 0 0 14 100

USR 00 85 100 86 64 88 -66 76 100 76 96 82 67 100

Numbers 1 to 14 are the labels for the defined land cover types.

Average producer accuracy (PROD) = 80%
Average user reliability (USR) = 84%
Overall accuracy = 85%
Lower 95% contidence Iirnit = 82%

138



Table7.5 Final Land Cover Types

Label Landcovertype

1 Water
2 Small-scaleagriculturealong river valley
3 Forestalong river valley
4 Degradedbushland
5 Undegradedbushland
6 Bushlandon limestone
7 Woodland
8 Bushlandon steepslopes
9 Forest
10 Medium-densitysmall-scaleagriculture
11 Low-densitysmall-scaleagriculture
12 High-densitysmall-scaleagriculture
13 Sisal crop
14 Settlement

7.4 Discussion

The specific aim of this study was to illustrate how data, that is detailed enough, to

support biodiversity resources management decisions at national, regional and local

levels can be obtained by integrating remotely sensed and ancillary data in a GIS

environment. The results show that by inte.grating remotely sensed data with ancillary

data in a GIS environment, it is possible to produce a land cover map that is sufficiently

accurate for use at the local level as a source of information for management decision

support. Generally, maps with a reliability of 70% or more are acceptable as sources

of information to support management decisions at the local level. The overall accuracy

of a land cover map based on a supervised classification approach using only the

spectral properties from remotely sensed data was low (35.6%). The assumption in this

approach is that the land cover types defined have homogeneous terrain, structural

and spatial characteristics, and this forms the basis for selecting pixels used in training

statistics. Structural and spatial variability is inherent in natural vegetation, even on

homogeneous terrain. Even in modified land cover types like sisal plantation, variability

is still present because of the different growth stages of the crop.

To optimize remotely sensed data as an information source for decision support in the

management of biodiversity resources at all levels, a new approach to land cover
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classification is developed, i.e. the object-based approach as described in Chapter 3.

In this approach, the use of remotely sensed data is optimized by linking the data

directly to the object information stored in a GIS (Ehlers et aI., 1989). The linkage also

makes it possible to use knowledge of the history and dynamics of terrain objects to

improve classification (Molenaar and Janssen, 1994).

Byusing the object-based concept in classifying land cover it was possible to identify

thehierarchical structure of the land cover types (Table 7.1), which are then stored in

a GIS as described in Chapter 6, and can be used to derive information to support

biodiversity management decisions at the regional level, (i.e. elephant habitat suitability

rating models - Chapter 8), and at the national level, (i.e. inventory of biodiversity

resources).

A method has been demonstrated that integrates readily available ancillary data and

remotely sensed data to produce a land cover map suitable for use to support

decisions at a" levels of biodiversity resources management. Ancillary data made it

possibleto stratify the imageprior to classification, resulting in an overall classification

accuracy of 60%. The classified image then provided a base on which progressive

refinements were applied through the use of decision rules. This resulted in a 25%

increasein overall accuracy (final accuracy was 85% up from 60% see Tables 7.2 and

7.4), while the number of mapable land types increased from 11 to 15. This study has

demonstrated a method that increases the quality of image classification in two ways:

by producing more precise classes relevant to the application discipline, and by

producing a more reliable classification.

The design of the decision rules was determined by the critical factors required for

management of biodiversity resources at the local level. These factors provided a

meansfor evaluating mapping results, and had to be defined at the beginning. They

included not only defining the elementary terrain objects but also describing their

geometricstructure, thematic content, and classification and aggregation hierarchies.

Althoughthe land cover map developed is for use in a human/elephant conflict model,
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the method can be applied to other human/wildlife conflicts by simply changing the

critical factors. The expected overall accuracy of the final cover map will vary for

different animal species, and so will the critical factors. This method can be

implemented with readily available PC-based GIS software, making it a valuable tool

for biodiversity resource management at local and regional levels.

Land cover types are dynamic and are constantly changing their geometric structure

as well as their thematic content. The area under the class 'fields' (Table 7.1) could

change as more of the class 'open natural vegetation' is cleared for agricultural use.

Thiswould result in a change in the geometric structure. On the other hand, the density

ofsmall-scale agricultural plots could change as more people settle down permanently.

This would result in a change in the thematic content of the terrain object. Effective

management requires that these changes (both geometric and thematic structures) be

monitored. The method described in this thesis has shown that remotely sensed data

canbe used to establish an inventory of land cover types which, once established, can

form a basis for monitoring these changes and hence play an important role in

monitoring the dynamics of land cover types. Results of this study agree with that of

Ehlers et al. (1989), Huising (1993) and Molenaar and Janssen (1994). This results

demonstrate the power of remote sensing as a tool for monitoring the dynamics of

agricultural land use.

Ithas been demonstrated that the final land cover map could be stored in a GIS using

theformat described in Chapter 6. Noting that wildlife surveys are usually done on a

grid system based on the UTM, this makes it possible to incorporate the land cover

data in the spatial analysis normally carried out in protected areas to determine

habitatlwildlife relationships. The next chapter presents an evaluation of the prototype

biodiversity information system that has been developed in the first seven chapters of

this thesis.
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Chapter 8.0 Evaluation of the Prototype Biodiversity Information

System

8.1 Introduction

InChapter 6, a conceptual data model for representing biodiversity resources data in

a database was defined. Also defined was a database structure for the storage,

retrieval, manipulation of biodiversity resources data. Subsequently, a prototype

biodiversity resources information system was implemented. In Chapter 7, a method

for acquiring data on biodiversity resources and deriving a classification scheme that

ismore accurate and reliable was elaborated. This chapter evaluates the effectiveness

ofthis prototype biodiversity information system as a source of information for decision
,,'

support at different levels in the management of biodiversity resources. Data on both

animaland plant biodiversity resources are used for illustration. Section 8.2 illustrates

howinformation can be extracted from the database to provide answers to management

questions at the national and regional levels. Section 8.3 illustrates how information

is extracted from the database to provide answers to management questions at the

locallevel. Section 8.4 illustrates how solid knowledge about the forces driving different

processes in biodiversity resources can be extracted from data in the database.

8.2 Distribution and Range of Animal Biodiversity Resources

InChapter 2 we noted that at the national levelJ resource managers are interested in

knowingwhat resources are available and where they occur. As described in Chapter

3, data on the distribution of large herbivore species are collected using Systematic

Reconnaissance Flights(SRF). Such data are used in this study. These data were

collectedby the Department of Resource Surveys and Remote Sensing in the Ministry

of Planning and National Development, Kenya, between 1977 and 1997. Using the

datamodel and database structure described in Chapter 6, these data were digitally

capturedin the database of the prototype biodiversity information system described in

Chapter6. Species numbers and distribution modules described in the same Chapter
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were then applied to the data in an ArC/info environment. The products are files

containing data that have been checked and verified for accuracy and quality from

which maps showing animal species distribution and home ranges can be generated.

Although the elephant was used as an example in this study, maps for any other animal

species can be generated from the database using the two modules. Such maps

provideanswers to one of the basic questions asked by biodiversity resource managers

at the national and regional level: What biodiversity resources are available in the

country or region, where are they found (distribution and home range) and in what

quantities (abundance)?

Figure 8.1 illustrates distribution of elephants in Kenya over the last twenty years

(1977-1997). This map was generated using data on district and protected area

boundaries from the topographic sub-database and data on elephant numbers from the

animal sub-database. The data which are stored ln different thematic layers were

overlayed in an Arc View environment to produce the elephant distribution maps. The

samemacro can be used to produce similar distribution maps for other animal species.

The distribution map (Fig. 8.1) shows that between 1977 and 1997, elephants were

mainly concentrated in the South Eastern (Taita Taveta, Tana, Kwale, Kitui, Garissa,

Kilifi and Lamu districts), South Western (Narok and Kajiado districts), Central

(Samburu, lsiolo, Meru and Laikipia districts), North Western (Baringo and Turkana

districts), North Eastern (Mandera district), and Northern (Marsabit district) parts of

Kenya. A large proportion of elephants were found outside ··designated wildlife

protectionareas. Such information should makes biodiversity resources managers re-

evaluate the conceptof using protected areas as the focus for biodiversity resources

conservation.
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Fig. 8.1 The Elephant Distribution (range) in Kenya Between 1977 and 1997.
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Figure8.2 illustrates distribution (range) of elephant over the last seven years (1990-

1997). During this period, elephants were restricted mainly to the South Eastern. South

Western, Central and Northern parts of the country.
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Fig. 8.2 The Elephant Distribution (range) in Kenya Between 1990 and 1997.
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Resource distribution maps (such as Fig. 8.1 and Fig 8.2.) form the basis for classifying

resources into those that have wide distribution and those that are endemic to specific

areas. This can then be used as a criteria for assigning them relative importance

indexes for conservation purposes. Endemic resources would get a higher importance

index and hence require special attention from resource managers. At the national

level, information on distribution and abundance of biodiversity resources also forms

a basis for dividing the country into biodiversity management regions and ecosystems.

Tsavo is one such ecosystem.

8.3 Population Trends in Large Herbivore Species in Tsavo Ecosystem

After defining regions and ecosystems, resource managers are interested in monitoring

trends within the resources in each of them. From the database of the prototype

biodiversity information system developed above, it is possible to provide such

information by analysing changes in animal numbers over time. This analysis is

illustrated below using data on lar.Qeherbivore species from the Tsavo ecosystem.

Large herbivore species are an important biodiversity resource that form the

cornerstone of the tourism industry in Kenya. Subsequent section present procedures

to generate information vital for monitoring biodiversity resources.

8.3.1 Data Analysis

In the data structures described in Chapter 5, large herbivores are at superclass level.

Grazers, mixed feeders .and browsers are at the class leveJ while the individual animal

species are at the sub-class level (See Fig. 6.5). At the sub-class level, trends in the

population of individual species can be analysed ..Analysis of population trends at the

class and superclass levels require context transformation of the data. The data on

different animal species have to be transformed into a common unit e..9. the animal-unit

equivalence. The Tropical Livestock Unit (TLU) and Metabolic Weights (MBW) are two

such units. The TLU is the scaling of body weiqhts of different animal species using a

mass of 250 Kg. A disadvantage of this appro~ch is that large-bodied species such as
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elephants, buffalo, hippopotamus tend to influence disproportionately the final TlU total

when all species are combined (e.g. the TlU of an elephant is 60 X that of a gerenuk).

The metabolic weight is the scaling of metabolic maintenance demands to mass (V'fJ.75).

In this study, metabolic weights were used because their scaling is exponential and

therefore tends to normalize the influence of both large-bodied and small-bodied animal

species (e.g. the MBW of an elephant is only 21.5 X that of a gerenuk).

Analysis of population trends was done by querying the biodiversity resources

information system in an Access database management system environment using the

Simple Query language (SQl). The queries were grouped into several modules. Box

1 illustrates an SQl used in extracting metabolic weights of all grazers in the database.

This was done by first transforming population estimates for the different grazers into

metabolic weights, summing them and then grouping them using time period as a

criteria (per year or season).

Box 1: SQl for Extracting Metabolic Weight Density for Grazers
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Boxes 2, 3, and 4 illustrate the SQl for extracting data on metabolic weight density

from the prototype biodiversity resources database.

Box 2: SQl for Extracting Metabolic Weight Density for Browsers
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Box 3: SQl for Extracting Metabolic Weight Density for Mixed Feeders
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Box 4: SQl for Extracting Metabolic Weight Density for Livestock
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Datathus extracted formed the basis for analyzing animal population trends. The first

stepwas to explore relationships between herbivore species numbers and time, on the

basis of population estimates carried out over a twenty year period. Regression

analysis was used to describe this relationship. This analysis was done at three

hierarchic levels ( sub-class, class and super class) as describes in Chapter 6 (Fig.

6.5). At the sub-class level, data on individual animal species were used. In this study,

data on elephants were used to illustrate this analysis. At the class level, data on

animal species were grouped on the basis of their feeding habits {i.e. grazers, mixed

feedersand browsers) and at the super class level, data were grouped on the basis of

food types ( i.e. herbivores). For each level, the analysis was done for three spatial

units (area inside the Tsavo protected areas, area outside the Tsavo protected area,

andfor the Tsavo ecosystem).

The first step in the regression analysis is to estimate the parameters for the model.

This is done using the least-squares principle (see Cochran and Cox, 1957). The

parameters in this study were the expected animal population estimate (response

variable) with time ( explanatory variable). The next step is an Analysis of Variance

(ANOVA).The results are presented in Table 8.1. From this table we can deduce how

well the regression equation explains the response variable. In this example, the
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fraction of variance accounted for (R2
adj) is 0.377, which means that only 37.7% of the

variation in population estimates is explained by a change in time. This table can

further be used to statistically test whether the expected responses (i.e. population

estimate) differ with time. For this test, the F ratio was compared with the critical value

of an F distribution with 1 and 9 degrees of freedom. The results were found to be

significant at the 5% level. It is concluded that the expected responses do differ with

time. Thus the animal population estimates differ significantly between the years at the

5% level (P = 0.026) . These findings are useful to resource managers.

Table8.1 A Straight Line Fitted by Least-squares Re.Qression:Parameter

estimates and ANOVA Table of Log-transformed Elephant Counts

Inside the Protected Area.

Variable Coefficient Standard error t P(2 tailed)

0.018

0.026

Constant 50.116

-0.023

17.382

0.009

2.883

-2.656Year

Y = 50.116 - 0.023x Where Y = Animal population estimate
X = Time (year)

ANOVATable

Source ss d.f.

Regression 0.275 1

Residual 0.275 9

R2adj= 0.377

m.s. F-Ratio P

0.0260.275

0.039

7.053

8.3.2 Animal Population Trends

At the sub-class level, population trends can be analyzed for those animal species

whose population estimates differ significantly over time. In this study, elephant

population estimates in the Tsavo ecosystem were used to illustrate this analysis. At

the class level, the animal resources were grouped on the basis of the feeding mode

(grazers, mixed feeders and browser) before analysis of trend was carried out. While

at the superclass level, the animal resources were 9rouped on the basis of their food

types. The database model described in Chapter 6 supports this grouping.

There are several models that could be used to explain the underlying trends in animal
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resources over time (see Jorgensen, 1988). These include linear models, log-linear

models, and quadratic models. For each model, some assumptions have to be made

on how animal resources behave over time. Generally, populations of animal resources

decline gradually towards a minimum, stabilize, and then recover (i.e. increase), or the

populations increase towards a maximum then decline. In such a case, a quadratic

model may explain the underlying trends in the resources. Because of the wide rage

in some population estimates, fitting quadratic models often resulted in unrealistic

population estimates (i.e. negative population estimates). To make the models more

realistic, the population estimates were transformed with the natural logarithm.

8.3.3 Results

The results from regression analysis and the analysis of variance are given in appendix

3. From the analysis of variance (AN OVA) tables, it could be concluded that between

the period 1977 and 1997, the expected responses among animal resources

population estimates in the Tsavo ecosystem differ and that population estimates for:

(1) elephants, browsers, mixed feeders and total herbivores inside the protected area

(i.e. Tsavo national park), .(2) elephants in the whole ecosystem, and (3) browsers

outside the protected area differed significantly over time at the 5% level (P <0.05, F

test). Trends in animal resources were analysed for these significant population

estimates.

Fig 8.3 shows a quadratic model for elephant population numbers within the protected

area. There was a gradual decline in elephant population numbers between 1977 and

1987. This coincides with a period of high poaching activity. The numbers then levelled-

off before beginning to increase in 1991. After the formation of KWS in 1989, new

protection measures were introduced. There were also special protection measures

introduced for endangered species like the elephant. This could be partly responsible

for the gradual increase in elephant population numbers beginning from 1991. The

results indicate that there was no significant change in elephant numbers outside the

protected area.

151



4.5

c
if;

c::; -----'.
0 '-:-::--

0 ,

40 '''-.. -----
c ----- c
C\l -----
L

0-....
Q. -----(j)

w
u
(j)

E
Cs
U) 3.5c o
eo~
f-

I
01
0--.J

30 '---------'-----'------'------'------'
1977 1981 1985 -1989 1993 1997

Year

Quadratic Curve Fitted by Least-square Regression of Log-

transformed Elephant·Population Estimates Inside the Protected

Area.

Fig 8.4 shows a quadratic model for trends in metabolic weights of browsers outside

the Tsavo protected area. There is a near constant decline in the metabolic weight of

browsers during the period between 1977 and 1997. For browsers inside the protected

area, there was a steady increase in metabolic weight towards a maximum between

Fig. 8.3

1977 and 1985. This was followed by a gradual decline (Fig. 8.5).
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Fig 8.6 shows a quadratic model for trends in metabolic weights of mixed feeders

inside the Tsavo protected area. The trend is similar to that of elephants described

above.
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Fig. 8.6 Quadratic Curve Fitted by Least-square Regression of Log-transformed
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Analysis of data in the prototype biodiversity resources database shows that on the

average, 37% of grazers, 55% of browsers and 27.95% of mixed feeders were found

outside the designated protected area. 9% of livestock were found within the

designated protected area. This shows that the designated protected area in this region

does not adequately carter for the needs of all wildlife resources in the area. With this

information resource managers can make the necessary arrangements to also conserve

the animal biodiversity resources that are outside designated protected areas.

As reviewed in Chapter 2, manaqernent of biodiversity resources is at three hierarchic

levels. Each of these levels represent a different decision making context and requires

different levels of abstraction of information from the same database. To provide

information required for decision support in the effective management of biodiversity

resources, the database structure should be able to support the different levels of

information abstraction. Biodiversity resource managers should be able to query the

database and extract the required information. The database describe in Chapter 6
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The results was a table containing the required data (attributes of Elpoint as illustrated

in Fig 8.7. These data can be analysed statistically to extract solid knowledge that may

be used by resource managers to understand the forces driving different processes and

events within biodiversity resources through the use of models as illustrated in

subsequent sections.

8.4 A biodiversity Resources Model

The objective of the case study was to investigate the relationship between elephant

distribution in the Tsavo ecosystem (i.e. observation Of an elephant) and different

environmental variables. In this case study, the environmental variables used were:

vegetation cover and distance to watering points. Because the elephant census data

were not normally distributed, they were first transformed into present or absent values

whicbwere then assigned the numeric value 1 for present and 0 for absent for statistical

analysis. The fully saturated model had the form:

.. " , " , , .. , ,.,., , , ,., "., , .•••O~$·~.1/1.f~XP(~+~·$~$t.•.4*$~ •.f~m\i~~*\'~Q2).··.··········•...••.••..••...........................
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This is a second order polynomial response function. The loss function used to execute

the model was:
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Bothforward and backward stepwise logit regressions( as described by Nicholls (1989)

were used to select the best fitting model. The backward selection procedure starts with

a fully saturated model and from which the variable with the largest error terms is

eliminated at every step until a model with only significant variables is obtained.

The forward selection starts with a single variable. Subsequently more variables are

added. At each step, a test is performed to determine if the parameter estimate varies

significantly from zero using the 5% one-sided si.gnificance test. Only models for which

theparameters estimates are significant are retained. This selection starts with the 'null

hypothesis' OBS = 1/(1-exp*a). In this model, no environmental variable is included and

corresponds to a situation where distribution of elephants is not affected by any

environmental factors. Then models that include one factor are run. This is repeated

withtwo factors and so on. Since the chances of a deviation between a model and the

nextone are distributed as a Chi-Squared variable ( Nicholls, 1989), the Chi-Squared

test is used to evaluate whether such more complex models are significantly better than

the 'null' model. This process is repeated until the models are no longer significantly

different from the 'null' model.

8.5 Results

The forward selection method produced eight models (Table *.1). The best selected

equation was:

Y = 0.033 -0.837*x

Where Y is the probability of observing and elephant

X is the distance to a watering point

This was the only equation that was Significantly different from the 'null' model.

Accordingto this equation, the probability of finding an elephant during the dry season

dependson the distance of the point to a permanent watering place. This equation was

incorporated into the model for predicting the potential for an elephant/human conflict

asdescribed in Chapter 9.
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Table 8.2 Statistical Equations Describing the Relation Between Elephant Presence and Two Environmental Factors
(distance to watering points and vegetation cover)

Model Parameter values Loss

b d
Function

a c

08S=1/1 +exp"'a -0.051 ns 4013.485
(0.026)

08S=1/1 +exp(a+bscdst) -0.052ns 0.001 ns 4013.85
(0.037) (0.114)

08S=1/1 +expta+bscdsf') 0.033"5 -0.837*5 4013.76
(0.37) (0.114)

085=1/1 +exp(a+b"'veg) -0.070ns 0.030ns 4013.466
(0.097) (0.151 )

08S=1/1 +expta+b'scdst+c'veq) -0.072n5 0.005"S 0.031"S 4013.465
(0.105) (0.115) (0.153)

08S=1/1 =exp(a+b"'veg+c*veg) -0.133ns 0.275"S -0.215"5 4013.415
(0.220) (0.785) (0.673)

08S=1/1 +exp(a+b"'scdst+c*scdst+veg) -0.052"5 0.013ns -0.022"5 4013.415
(0.037) (0.228) (0.360)

08S=1/1 +expta+b'scdst+c'veq+d'veg') -0. 147"s 0.017"S 0.309"S -0.242"5 4013.405
(0.241 ) (0.120) (0.821 ) (0.701 )

ns - not significant (95% level)
s - significant (95% level)



8.6 Summary

Management of biodiversity resources in Kenya is at three hierarchic levels as reviewed

in Chapter 2. The different levels in the decision making hierarchy represent different

decision making contexts. Each of these requires different levels of abstraction of

information. We defined a prototype biodiversity information system in Chapter 6. The

aim was to develop an information system with a database that could provide

information for biodiversity resources management decision support at the different

hierarchic levels. In this chapter, we have evaluated the effectiveness of the information

system in providing information to support decisions in the management of biodiversity

resources. Several examples have been used to illustrate how information needs at

different levels in the management of biodiversity resources can be met from the

prototype biodiversity information system defined in Chapter 6. In this Chapter, we have

also illustrated how data from the system can be used to .9ain additional understanding

of the dynamics of biodiversity resources.
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Chapter 9: Extracting Biodiversity Resource Management

Information from Land Cover Maps: Habitat Suitability

Rating and Human/Elephant Conflict Potential

9.1 Introduction

Understanding the spatial characteristics of plant biodiversity resources will enable the

evaluation of habitat suitability and the potential for human/wildlife conflict, as well as

monitoring of change. That is the thesis of this chapter. This will in turn facilitate

effective management and conservation of these resources.

A method is developed for evaluating habitat suitability for wildlife (section 9.2.1 and

9.2.2) using information extracted from land cover maps that are stored in the

biodiversity resources database described in Chapter 6. This is done at the regional

level in the biodiversity resources management hierarchy as described in Chapter 2. At

the local level, information extracted from the same land cover maps can be used to

predict the potential for human/wildlife conflict (section 9.2.3). The elephant is used as

an example to illustrate how information extracted from the same data source (i.e, land

cover maps) can be used to support management decisions at different levels in the

biodiversity resource management hierarchy within the Tsavo Ecosystem.

A major task for biodiversity resource managers in Kenya is the conservation of wildlife

(KWS, 1996); consequently, they need to evaluate the suitability of different habitats

for wildlife. This involves rating Kenya's landscapes in terms of their potential to support

populations of different wildlife species. Information on four variables (i.e. forage

availability, forage quality, forage quantity and availability of water) is important in

evaluating the suitability of a habitat for different animals. Land cover maps are an

important source of information for evaluating wildlife habitats. The arrangement of

different land cover types in a landscape (ie, spatial characteristics) has a great

influence on its value as.a habitatfordifferentwildlife species. Spatial diversity indices

are used to quantify the spatial characteristic of a landscape, it is possible to apply

additive or multiplicative models to rate habitats (Mead et aI., (1981). By this approach,
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spatial diversity indices are determined using spatial coverage, structure and mixes of

plant communities, and provide a measure of habitat heterogeneity which is then used

to evaluate the habitat's suitability for a given wildlife species.

A description of the spatial pattern characteristics of an area can be used for several

purposes besides habitat suitability rating. It can be used for monitoring change in

distribution and dispersion of biodiversity resources. Definition and descriptions of

spatial characteristics of objects in an area using their aggregation hierarchies form the

basis for monitoring change. Depending on the level of abstraction, change in

aggregation structures could be used as an indicator of change in either the spatial

extent of a terrain object or its thematic content as described in Chapter 3.

Spatial pattern characteristics of terrain objects are used to evaluate potential for

humanlwildlife conflicts. These conflicts are some of the major problems in and around

protected areas. In resolving these conflicts, resource managers require, information

on the nature and magnitude of these human/wildlife conflicts. This thesis set out to

develop a method for acquiring information from land cover maps on wildlife habitat

suitability and for predicting the potential for human/wildlife conflicts. In this study, the

elephant was used as an example.

9.2 Methods

The analysis involved four steps: selection of envi-ronmental variables and database

development, evaluation of spatial characteristics, evaluation of the potential for

elephant/human conflict, and verification. These are considered in subsequent

sections.

9.2.1 Selection of Environmental Variables and Database Development

The relationship between elephants and their environment is based primarily on the

need for forage and water. The main influencing variables are land cover types and

distance to permanent water sources. Land cover types were mapped by integrating

digital satellite data and ancillary data in a GIS as described in Chapter 7. Each 20 x
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20 m pixel on the map was assigned a label representing a specific cover type.

Information on distance to permanent water sources was extracted from topographic

maps (scale 1:50,000) and field surveys. The positions of the permanent water sources

were digitized using the integrated land and water information system (ILWIS, 1993)

and geo-referenced to the Universal Transverse Mercator (UTM) coordinate system.

These maps were then rasterized using the 'vector to raster' module of the GIS, and

transformed into distance maps (in metres) using the 'spatial modelling' module. In

Chapter 8, a regression model for estimating the probability of encountering an

elephant, based on the distance from permanent water source (equation 1) was

developed based on data from literature ( Suss, 1961; Sax and Sheldrick, 1963), and

from systematic reconnaissance surveys (see Chapter 3) carried out by the Department

of Resource Surveys and Remote Sensing (DRSRS) between 1977 and 1997 .
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Studies on daily and seasonal movements of elephants showed that elephants

frequently travel up to 10 km to water points. Frequency decreased with increasing

distance, up to about 30 km when recordings were very rare (Sax and Sheldrick, 1963).

The assumption here is that elephants are already in the area of interest. The model

applies to the dry season, when elephants are known to rely heavily on permanent

water sources.

The severity of the elephantlhuman conflicts depend on proximity of human settlements

to the natural habitat. of elephants, location of permanent sources of water and habitat

quality in areas neighbouring human settlements. The conflicts result in elephants being

killed by people on one hand and damage to crops and injury to people, some fatal

,caused by elephants on the other hand. Evaluating the potential for conflict therefore

focussed on the spatial relationships among habitat suitability for elephants, areas of
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human settlement and agricultural crops, and distance to permanent sources of water.

The land cover map (Chapter 6) was used to prepare a new map showing distances

from areas of human settlement and agricultural crops.

9.2.2 Evaluation of Spatial Characteristics

The spatial characteristics of the study area were evaluated using the spatial diversity

index. Equation 2, which is an adaption of the one proposed by Mead et al. (1981), was

applied as a multivariate inductive model to derive the spatial diversity index for each

pixel.

I
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where:

A = a specific wildlife species or group of species

IS = interspersion

JX = juxtaposition

a = the relative importance of juxtaposition to interspersion for the wildlife

species

a = the relative importance of interspersion to juxtaposition for the wildlife

species

Interspersion (IS) is the intermixing of different habitat types. This is an index derived

from a 3 x 3 matrix of pixels summing up all pixels with a land cover type different from

the central one. The sum is then divided by the total number of pixels in the matrix

(eight) to scale the indices to a number >0 and <1.

Juxtaposition (JX) is the proximity of the habitat requirements of a given wildlife species

to a site being analyzed. This is an index derived by first identifying all possible land

cover type combinations (edge types) in contact with that of the central pixel in a 3 x 3

matrix. Because the pixels at the horizontal and vertical edges have greater areas of

contact with the central pixel than those on the diagonals, (ie, those in the corners of
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the matrix), they were each assigned a weighting factor of 2, and because certain land

cover edge type combinations are more important to a given wildlife species than

others, the total for each possible edge type combination was multiplied by a weighting

factor that reflected the relative importance of that combination to a particular wildlife

species. The products from the different edge type combinations were summed and

divided by 12 to scale them to a figure between 0 and 1. Information from literature and

expert knowledge were used to determine the importance of each edge-type

combination to the elephant. This formed the basis for assigning the weighting factors

in calculating juxtaposition. Some wildlife species prefer uniform habitats. Such animals

may be either pure grazers or pure browsers. For such wildlife species, interspersion

is more important than juxtaposition. For mixed feeders, a more mixed habitat is

preferred. For them, juxtaposition is more important than interspersion. In deriving the

spatial index, a weighting factor is used to reflect the habitat preferences of different

wildlife species.

Interspersion and juxtaposition maps were created in the GIS for the study area by

applying neighbourhood function operations and tables to each pixel in the land cover

map, using the ILWIS 'spatial modelling' module. The two maps were then combined

by applying equation 2 to produce a spatial diversity map. The procedure for deriving

the spatial diversity maps that are then used to assess habitat quality is shown in Figure

9.1.
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Fig. 9.1 Scheme for Assessing Habitat Quality for Elephants

9.2.3 Parametric Indices for the Human/Elephant Conflict

The main assumption when evaluating the potential for conflict at a site was that

elephantlhuman conflict depends on three variables (i.e. distance of human activity from

the natural habitats of elephants, distance to permanent water sources and habitat

suitability). These variables are not independent of each other.
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The potential for elephantlhuman conflict exists only if there is risk that both elephants

and human beings will need the same resource simultaneously but for different

purposes. An example of such a situation is when people grow crops next to a protected

area. These crops are for their own use. However, to elephants, the crops are just

another form of forage. The closer the natural habitats of elephants are to human

settlements or activity, the greater the risk of conflicting demands on available

resources.

To determine the potential for conflict, the distances of settlements or human activity

from the natural habitats of elephants were transformed into probabilities for conflict.

Based on expert knowledge (ie, from game wardens and rangers) and information from

literature (Suss, 1961; Bax and Sheldrick, 1963), the probability of elephants coming

into contact with humans or human activity was determined by regression analysis,

using a piece-wise linear approximation model. This approach was used because there

were insufficient data to fit a normal distribution curve. Distances of human activity from

elephants' natural habitats constituted the independent variable, while probability

estimates constituted the response (dependent) variable.

Figure 9.2 shows the scheme for modelling the potential for elephant/human conflict in

the study area.
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Fig.9.2 Modelling Potential Human/Elephant Conflict in a Protected Area

A parametric index of the potential for conflict was derived for each pixel using an

additive mode (Equation 3).

.::.:::::.::::.: .. :::::.:::::::::.::.:.: ... ::.::::::::::::::::::::::.:::::":::::: .. : ::: .. :::.:: .. ::.: ..:::::: ....

•••pdFYYJeJ*.w~e~t-.W~R~•••.·...•••••••••••••••.•••·•·.•(gqy$~ipl'l.p)..•••••••·••••••••••••••.••.••.•...........
•.·••..••·••••••··..•w~I"§· •••:.:···:············· .

< •••••::..ei pqt~Qti~lfqr~~~phfiritlhqma.n.gJQfjipt..........................::.
•.••••.•.••.••••~••H:.:. ·.···:·.:·.W•••.......•..••••••••••••W~jgh~iF'lgf~(itgrf<?r~qh.ya.fi~~I~••••••••:.:•••••··•·•••..•••••••••....••••..••..:..:.::..•
•••••••••••••••••••••••••••••··••••••·Pi••••••· •.••;:::.•••••••••.p.rc::>~t:)ilifyc::>ft3nqqt1ht~rir1.g~t$ph~htt:)?$~q.6D.•••··•...•••.•.•••••••.••
.•...•.••.••.•.••.•.....•.•..•.•••.•••••••••..•....... •••••••••·.pfq*imitytQ~J~phfiri~$'.na.tUf~l.fia.bita.t•••••••••••••••••••••••••.•.••..•••••••••••.••••
•••••••••••••••••.......•.••••••••••••••p~ ••••···7..•••••••••••prq~~~il#yqf~QqqyHt~riJ)g~l~ph~nts,.~s,~~q{"l••••••.•.•.•..•••....•
•..•.•.••..•..•••••.•..••.••.•••.••••••••..•...•••..•.••.•••••••••••••••••~i$~a.r1.q~f(}.Pt3rm~h~r"ltwcite.r.·.····.••••••....••.•..••...•.•••.•.•••.••...•.•..•..••...••..••.•..••
••••••••••••••••••••••••••••••••••••••••R~ •••··•••••••••••$p$li?lgiV~r$ityirigiq~$ .••••.•.••.•••.••...••.•••••••.•••••••••••••••••••••••••••..•.••.•••••.••.•.....

.... , .. ':"::::::":: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;;;:::::::;:::::::: ............... .

167



This approach involved the spatial modelling of the proximity of settlements and human

activity to protected areas, distance to permanent water sources and habitat suitability,

using an inductive procedure. Weighting factors were used to account for differences

in the contribution of each variable to the model. Distance to permanent water sources

had more influence on elephant movement than habitat quality especially so during the

dry season, while the reverse was true during the wet season (Suss, 1961; Sax and

Sheldrick, 1963). Consequently, a weighting factor of 0.4 was used for the variable

'distance to water' during the dry season and 0.2 during the wet season. Weighting

factors of 0.3 and 0.4 were used respectively for the two seasons for the variable

'spatial indices'. Similar factors were used for the variable 'proximity to elephant's

habitat'. Using these indices for each of the variables, the .study area was assigned

classes of high, medium and low potential for conflict using the 'spatial modelling'

module in ILWIS.

9.2.4 Validation and Weighting Factors

Data for validating the elephant/human conflict model and defining weighting factors

were collected through interviews with wildlife management experts, field observations

and literature review, Expert knowledge was obtained from park wardens and game

rangers, who were asked to identify the land cover types preferred by elephants. More

information was extracted from recorded cases of elephant damage to crops or reported

injury to people. These data were used to define the actual spatial pattern of

elephant/human conflict over the past 10 years. This-was then visually compared with

the map of predicted potential for conflict. The approach was adopted because it was

not possible to accurately geo-reference the available data. Thus only qualitative

validation of models was possible. Information about the habitats was also used to

weight factors used in deriving the spatial diversity index.

9.3 Results

Six spatial models were developed for part of the Taita Taveta buffer zone of Tsavo

East National Park. The interspersion JjS)andjuxtaposition (JX) models describe the

spatial characteristics of the study area. These spatial models provide a means for
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measuring a habitat's structural connectivity and ascertaining the existence of functional

continuity, ie, the ability of a hypothetical species to move freely within a single habitat

without ever leaving it (Forman and Gordon, 1986). The models also provide an

indication of the different types of forage available for wildlife species.

The combination of the IS and JX models produced the spatial diversity model (Fig. 9.3)

for the elephant habitat. This model shows a continuous surface of parametric indices

that are indicators of habitat suitability for elephants. Further, two other models were

developed, containing information on the probability of encountering elephants based

on the proximity of a site to suitable natural habitats, and the distance of the site to

permanent water sources.

A model of a continuous surface of parametric indices on the potential for

human/elephant conflict was produced by combining the spatial diversity model and the

models for predicting the potential for human/wildlife conflict based on distance to

permanent water sources and distance of human settlements from the natural habitats

of elephants. The indices, which range from 0 to 1 were classified into areas of: (1) low

potential (0 to 0.5), (2) medium potentiaJ (>0.5 to 0.8) and (3) high potential (>0.8).

Figure 9.4 is a product of overlaying data on crop damage and injury to people with the

map on the potential for human/elephant conflict. The figure. has been classified to

show the connectivity between areas with a similar potential for conflict. This is crucial

information required by biodiversity resource managers for use in resolving different

human/elephant conflicts.

Data on crop damage and injury to people were obtained from interviews with wildlife

management experts, dailY park records, expert knowledge and field observations. This

provided a qualitative means of validating the potential human/elephant conflict model.

Most of the damage to crops and injury to people occurred in areas predicted by the

model as having medium or high potential for human/elephant conflict.
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9.4 Discussion

The objective of this study was to develop a method for acquiring information from land

cover maps on wildlife habitat suitability and for predicting the potential for

human/elephant conflicts. Habitat suitability for wild herbivores depends on: forage

availability, forage quality, and forage quantity. The availability of forage at any given

site depends on the vegetation structure and the feeding habits of the wildlife species

under study (i.e. browsers, grazer or mixed feeder). Forage quality for a given wildlife

species depends on the intermixing of different vegetation types, while forage quantity

depends on the spatial extent and productivity of each vegetation type. For a specific

site, the availability, quality and quantity of forage are good indicators of its suitability

as a habitat for a given wildlife species.

Because spatial diversity maps are prepared by combining information on vegetation

structure, (i.e. forage availability -interspersion) with information on the intermixing of

vegetation types (forage quality - juxtaposition), they can be used as indicators of

habitat suitability forgiven wildlife species, However, biodiversity resource managers

would also be interested in the spatial extent of a given habitat suitability class to

determine whether it is of sufficient size to support a given wildlife species. This

information can be extracted from a spatial diversity model through classification. The

resultant map consists of patches representing different classes and their connectivity.

This is important information for management decision support at the regional level.

Wildlife habitat quality and wildlife/human conflict models need to be verified

quantitatively using actual long term animal data on distribution, abundance and habitat

preference to verify their predictive properties. However, such information at a scale

suitable for the rigorous verification of the model is rare. For this study, the only

information available was on a 5 x 5 krn grid that was too general for habitat preference

analysis for most wildlife species. The only other data source was interviews with

wildlife management experts, daily park reports and field observations. The information

included reported cases of crop damage and injury to people but showed only the

general locations where they had occurred. These could not be accurately

georeferenced for use in statistical analysis. Consequently, only qualitative verification
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of the models was possible. However, the areas predicted by the model to have a high

potential for conflict generally coincided with those where actual conflicts had been

reported.

This study has demonstrated a technique for integrating remote sensing and GIS

technology in order to describe and understand the spatial characteristics of biodiversity

resources. By using the interspersion and juxtaposition indices, the spatial

characteristics of terrain objects can be described quantitatively and consistently and

at various scales. Consequently, it is possible to evaluate habitat suitability for different

wildlife species and the potential for human/wildlife conflict, and to monitor changes in

spatial characteristics and biodiversity of terrain objects through change in their

geometric and thematic characteristics.
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Chapter 10 Conclusions and Recommendations for Future

Research

-,

For effective and efficient management of biodiversity resources in the country, there is

need for appropriate and timely information to support management decisions, made at

different hierarchical levels. The general object of this study was:

To develop a mechanism for the provision of information necessary for effective and

efficient management of biodiversity resources in Kenya.

The specific objectives were:

(1) to design an information-abstraction structure for multi-level management decision

support in biodiversity resources management and conservation in Kenya.

(2) to test the decision-support system in the Tsavo Ecosystem (Taita Taveta district)

to model biodiversity resources and their current trends at regional and national

levels, and to model threats to these resources at a local scale.

In the framework of this study, a method for defining abiodiversity resources information

system plan has been developed ( Chapter 5). The basic data types that are needed to

provide information for decision support for effective management of these resources have

been identified. This was done by analyzing biodiversity resources as a natural system.

The data types identified formed the basis for defining a data model for representing the

data in a database and for defining a database structure ( Chapter 6). An example of a

method for acquiring data storage in the database was 'developed ( Chapter 7 ). An

evaluation of the prototype biodiversity information system was done (Chapter 8 ). Based

on results from this study, several conclusions .cari be made related to: information system

plan, management of biodiversity resources, data acquisition and quality, and biodiversity
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resources information system, as detailed in subsequent sections of this chapter.

10.1 Information System Plan

This study has identified two distinct hierarchies ( management decision hierarchy and

information hierarchy) that have to be integrated for effective and efficient management

of biodiversity resources ( Chapter 2 and 5). Linking these two hierarchies, facilitated the

development of mechanisms for the identification of appropriate information to support

decisions in biodiversity resources management. It also facilitated identification of primary

data sets that need to beanalyzed to derive desired information to support management

decisions. This makes it possible to optimize data collection, eliminate or minimize

duplication, and maximize use of available data through data sharing. This should result

in the reduction of costs for data acquisition as well as increase efficiency in the use of

available human and financial resources. Linking decisions and information hierarchies

is an approach which can be used to manage other environmental situations similar to

biodiversity. resources.

10.2 Management of Biodiversity Resources

Four conclusions can be made from this study with regards to the management of

biodiversity resources. These are:

(1) The study has successfully demonstrated a system for supplying information to

support management decision making at various hierarchical levels. Since the

method is generic, it could be applied to manage other natural resources in Kenya

or any other country.

(2) Results from this study provide a basis for developing a framework for a more
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responsive information system for decision support in the management of

biodiversity resources in the entire country. Many current management challenges.

of biodiversity resources in Kenya are as a result short comings in conservation

policies of the last 100 years. Many of these policies have not been adjusted over

time so as to cope with changing circumstances outside and inside protected areas.

(3) This study has developed methodology for identifying data types that are relevant

to biodiversity management, and for integrating them into a common database for

any organization. The current trend in KWS is to convert into digital format any

existing data for any area without prior consideration of their relevance with regard

to supporting management decisions. This has led to the creation of a large number

of unintegrated databases holding large amounts of redundant data.

(4) Currently, the use of GIS technology, as a management tool, in KWS is limited.

Although implementation of this technology. is not a prerequisite for effective and

efficient management of biodiversity resources, it never the less provides resource

managers with a tool to make better and informed decisions. However the

technology will not Change the way biodiversity resources are being managed

unless an organization first changes by adopting a resource management approach

that fully utilizes the functions of a GIS and the data stored in it. Secondly, resource

managers need to appreciate potential uses and limitations of the technology to

ensure that no false exceptions are created.

10.3 Data Acquisition and Data Quality

Results from Chapter 5 indicate that the management of biodiversity resources involved

collection, processing, storage and dissemination of large amounts of special data. It also

involves monitoring of change within the resource base. The study has demonstrated that

GIS technology provides resource managers with a powerful tool for handling and
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managing such large amounts of data. However because of inherent and processing

errors in GIS, information extracted from these databases should indicate the associated

uncertainty that has to be taken into account when using it as a basis for making

management decisions.

Uncertainty in digital data held in a GIS has to be explicitly stated unlike in the traditional

analog data where it is implicit in the final map product. The uncertainty in these data

therefore has to be quantified so as to allow decision makers to :

• set tolerance levels within which uncertainty will be accepted for making

different types of decisions.

• understand the basis of their decision. It is expected that knowledge of

uncertainty will lead to better decisions in the long run.

• Identify those parts of the analysis that are most uncertain and the

uncertainties that are apt to adversely influence decisions; and

• identify informationgaps and evaluate the need to acquire more information

before decisions are made

The study reaffirmed that aerial photographs are a major source of information on

biodiversity resources. In Chapter 7, a method has been defined for quantifying and

minimizing uncertainty associated with mapping land cover from aerial photographs and

ground survey data. Results show that:

• The percentagecover of high woody plants species can be reliably predicted

from aerial photographs.

• The percentage of low woody plant species can not be reliably predicted

from aerial photographs.

Furtherresults from Chapter7 show that by integratingremotelysensed data with ancillary
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data in a GIS environment, it is possible to produce information on land cover of

acceptable accuracy and precision to support biodiversity resources management

decisions.

10.4 Prototype Biodiversity Resources Information System

During this study a prototypebiodiversity resources informationsystem has been designed

and developed. Its potential to provide information to support decisions at the different

levels of management of biodiversity resources has effectively been demonstrated using

two case studies from the Tsavo Ecosystem(Chapter 8 and Chapter 9). The results show

that the system is able to provide intorrnationto support management decisions in two key

areas of biodiversity resources i.e. trends in the resource base and human/wildlife conflict.

The overall objective. and the specific objectives of this study have therefore been

achieved.

10.5 Future Research

The biodiversity resource information system developed operates in a GIS environment.

Due to the vast potential offered by GIS and models as management tools, more research

into ways of linking GIS with ecosystem simulation models and models of ecological

processes is needed. Emphasis should be given to incorporating spatial and temporal

variability and feedback in the models, and interfacing with expert systems for real time

decision making.

There is need to test and implement the prototype biodiversity information system

developed in this study on the whole KWS organization. This would require the KWS to

developand implementa clear information and communication policy that would address

issues such; information sharing, ownership, standards, data transfer protocol, data

quality, data collection frequency, among others. There is therefore need for further
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research to determine how best this could be done.

There is need for the government of Kenya to develop a comprehensive Information and

Communication Technology Policy. Such a policy would enable the restructuring of

management strategies for many resource management organizations. With such a

strategy, KWS should find it necessary to demonstrate the application of GIS technology

in management decision support and hence implement recommendations made in this

thesis.
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Appendix 1 Process dictionary

Process type Process description Input data output data

Aerial survey Animal census using systematic reconnaissance flights Topographic maps, logistic support data, Aerial survey data
security data, research methodology and
manaaement strateav

Ground survey Collection of ground truth data Topographic maps, logistic support data, Ground survey data
security data, research methodology and
manaaement strateav

Data classification Preprocessing of ground truth and aerial survey data before KWS objectives, climatic data, ground Bio-physical and socio economic data
storage in the database survey data, aerial survey data, satellite (classified ground and aerial survey

images, soil maps, aerial photographs, data)
protected area management plans and
tourist data

Environmental The assessment of the impact of various management Land use conflict data, tourist data, animal Environmental impact assessment
impact assessment interventions and human activities on the natural data, land unit map and socioeconomic data data

ecosystems of protected areas

Analyze remotely Analysis of digital remotely sensed data Remotely sensed data and topographic Preliminary land unit map based on
sensed data maps satellite imaae interoretation

Analyze aerial Interpretation of aerial photographs Aerial photographs and topographic maps Preliminary land unit map based on
chotocraohs aerial photo interoretation

Analysis of Analysis of vegetation samples to determine plant Ground survey data Vegetation structure data
vegetation field community structure and ftoristic composition Plant community data
samples

Analyze soil Analyzing soil samples to determine their chemical, Topographic maps and ground survey data Soil property data
samoles . physical and bioloqical properties

Compile land unit Combine data from various sources (vegetation structure, Preliminary land unit map (lUM) based on Land unit map
map floristic composition, preliminary land unit map, soil aerial photo interpretation, preliminary LUM

properties) to produce a land unit map based on satellite image analysis, soil
property data, vegetation structure data and
olant communitY data

Define conservation Deciding the importance of a plant or animal spp. The less Animal data and land unit map Conservation value and importance of
value ofspp abundant and the narrower its distribution range, the more spp

imoortance attached to its conservation

Classification This is the classification of protected areas into different Conservation value and importance of spp Classification of wildlife districts
wildlife and Protected area cateaories and tourist data Classification of protected areas

Determine actual Analyze land uselland cover data to determine current and Land unit data and animal data Land use conflict data
and potential land potential land use conflict areas
use confict areas

Define the Determine hierarchy of ecologic problems that require Land unit data, socio-economic data, KWS Department problem tree
department problem solutions problem tree.
tree

Establishment of Having identified the problem hierarchy, this process sets Goals and objectives of KWS, problem tree List of department goals and
goals and out goals and objectives for the department of department, list of security data and objectives
objectives of the logistic support data
deoartment

Define specific Defining specific research problems List of department objectives and goals Specific research problems
research problems

Develop research Develop research projects List of specific research problems List of research activities
projects

Impliement Implementation of research projects Research projects Research results
research projects

Establish a The establishment of a strategy to meet the department Land conflict data, animal disease data, Management strategy for protected
management goals. This defines how research activities are to be range condition and trend, classification of areas
strategy administered and the reporting procedure, to ensure that wildlife districts and classification of

set taraets are met orotected areas

Analyze animal This is the analysis of animal samples as obtained through Ground survey data Animal data
survey samples ground surveys using the results to extrapolate for the Animal disease data

entire animal population on factors such as feeding habits,
food oreferences habitats etc.

Estimate primary Estimate the primary production for various vegetation Land unit data, climatic data and ground Primary productivity estimates
production communities survey data

Determine stocking This is to determine current stocking rates Land unit data and animal data Stocking rates
rates

Determine range This is to determine the range carrying capacity based on Primary productivity data and animal data Range carrying capacity
carryinq capacity available animal and crop biomass data

Assess range This is to assess the range condition and trend to Range data Range condition and trend
condition and trend determine the survival of the different ecosystems in

protected areas
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Appendix 2 Data types dictionary

DATA NAME DATA DESCRIPTION DATA TYPE DATA VOLUME DATA PROBLEMS DATA SOURCE
QUALITY

Climatic data Data on precipitation, temperature, solar Point data Very large as the data good These data are collected
radiation, humidity, & alpha-numeric are collected daily by the meteorological Meteorological
evapotranspiration. department There is dept

currently no arrangement
for this data to be made
available to tNVS on a
regular basis.These data
are currentiy acquired on a
proiect by proiect basis.

Topographic Data that describes physical features line, Point, & area Medium Fair Few of the protected areas Surveydept
maps and infrastructure of a protected area. data have these maps in digital

oraohic form.

Aerial large format or sample photographs Point, line, & area Large Good I Most protected areas are Survey Dept
photographs taken from an aircraft data - analogue Fair not a fop priority for aerial

photography by the survey
dept and for most of them,
the photographs available
are more than 15 years
old.

Remotely Data on reflectance energy from the Digital format, Large Good The potential of remote EOSAT LANDSAT
sensed data earth surface as captured by satellite numeric sensing as a source of NOM

(sateMe imagery). land CCNer data is not
being fully utilized due to
the lack of trained staff &

I equipment

Preliminary land Land unit maps based on interpretation Point, line & area Large Variable Data quality depends on Intermediate
unit map of satellite images or aerial photographs. data- alpha the experience of the product

These data are an intermediate product numeric interpreters, quality of
and are only stored for short periods photographs and remotely

sensed data and scale.

Goals & The goals and objectives of Kenya Alpha numeric Small Good Directorate
objectives of wildlife Service.
KWS

List of security A list detailing security measures in Alpha numeric Small Good Security service
data protected areas especially regarding

poaching activity & relations between
wild animals & human beinas

Tourist data Data regarding tourist activities in Alpha numeric large Good Park
various parts of different protected areas administration &

manaqement,

KWSproblem This is a list of important structured Alpha numeric Low Good Scientific services
tree problems constraining the proper and planning

manaaement of orotected areas. section

Logistic support These are data on the resources Alpha numeric Medium Good Some vital equipments not Technical
data available to enable the research currenUy available. These department

department meet its objectives, include computer
hardware, software, and
adequate transport.

land unit data These are data on land COIIer, land use, Point, line, area large Good Not all protected areas Research &
and landforms Graphic & alpha have been surveyed monitoring

numeric adequately to provide
detailed landscape
information.

Land use These are data actual and potential land Point, line, area Medium Good Research &
conflict data use conflict areas. These data are graphic &Alpha monitoring

derived from analyzing land CCNer/land numeric
usemaos

Research These are the results of studies and .00- Medium Good Research &
results projects undertaken by the Research monitoring

department or in collaboration with
external scientists.

Animal data These are data on animal distributions, Point, line, and large Fair-good Data are collected by other Extemal
density, age structure, habitat area. Alpha departments or by organizations,
preference, mortality, genetic structure, numeric collaborating scientist who research &
home range and recruitment rate. sometimes are not very monitoring

willina to share.

Conservation Data on the importance of the different Area, point and line Medium Good This has concentrated on Research &
value and wildlife species in different protected the large herbivores and monitoring
importance of areas based on their numbers, and yet one of the objective of
wild animal distribution KWS is to conserve total
species biodiversitv.

Classification of These are data that groups protected Area, graphic low Good .00-
protected areas areas with similar qualities and Alpha numeric
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DATA NAME DATA DESCRIPTION DATA TYPE DATA VOLUME DATA PROBLEMS DATA SOURCE
QUALITY

Classification of These are data that divides the country Research and
wildlife districts into different wildlife regions for -<la- Low Good monftoring

manaaement purposes

Research This a list of steps, procedures and Alpha numeric Low Good -<la-
management activities to be undertaken by the
strategy department in trying to meet its goals

and obiectives

Range condition These are data on the range carrying
and trend capacity, condition trend and stocking Area, graphic and High Good Not much is currently -<la-

rates in & around protected areas. alpha numeric being done on this topic
due to lack of personnel.

Research These are identified problems related to
departmenfs the sound management of protected Alpha numeric Research &
problem tree areas that have to be addressed by the Low Good Monitoring

department

Department These are goals and objectives of the Alpha numeric Low Good -do-
goals, research department and the activities to
objectives, and be undertaken to meet these goals &
activities objectives including reporting

procedure.

Aerial survey These are data from reconnaissance Alpha numeric Large Good Not all protected areas are
data aerial surveys on large herbi'olore being surveyed at the -<la-

Soecies and their habitat moment

Ground survey These are data collected through ground Point. line, Research &
data surveys and includes: Social economic, area,and alpha Large good -<la- monitoring

soil, vegetation, Geophysical and animal numeric
data.

Soil property These are data on soil chemical, Point, area & alpha Large Good Not much data being Research &
data physical, & biological properties as numeric collected at the moment Monitoring

obtained from around surveys.

Plant These are data on floristic composition, Pointline, area, Large Good Not currently being Research and
communities dominant species, indicator species, alpha numeric & collected in all the monitoring
data species distribution, density, sociability, graphic protected areas.

vitality, frequency, desirability, nutritional
value, and phenological stage, primary
DroductivitV. and standina croo biomass.

Animal disease These are data on the disease status of Point, area, alpha Large Good The concentration at the
distribution the different animals in and around numeric Graphic moment is on treating

protected areas and their control. confirmed cases of injury.
A survey on the -<la-
prevalence of animal
diseases is not being done
reaularlv

Vegetation These are data on the structure of area, alpha large fair-good Not currently being Research and
structure different vegetation communities numeric collected in all the monitoring

protected areas.
Research and monitorinQ

Primary These are data on the primary area, alpha large poor Very liWe dat being -<la-
productivity data productivity of different vegetation numeric generated at the moment

communities

Range stocking These are data on the numbers of area, alpha large poor Very liWe dat being -<la-
rate wildlife occupying different parts of numeric generated at the moment

orotectedareasataONentime

Range carrying These are Data on the number of wild area, numeric large poor Very liWe dat being -<la-
capacity animals that can be supported on a generated at the moment

sustainable basis in different protected
areas

Animal disease These are data on the disease status of Point, area, alpha Large Good
distribution the different animals in and around numeric Graphic Research and

orotected areas and their control. monitorina

Specific These are data on problems in protected Alpha numeric small fair-good The problems of many -<la-
research areas for which soiutions are being protected areas are not
problems sought verv well structured.

Environmental These are data on the possible impact area, point, line, medium poor Not much analysis is -<la-
impact on wildlife of various activities in alpha numeric being done at the
assessment protected areas. moment
data

Soctoeconomic These are socioeconomic data collected area, alpha large medium Data is not being collected Research and
data in protected areas and their buffer numeric from all the protected monitoring, other

zones. areas. KWS
deoartments.
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Appendix 3 A Straight Line Fitted by Least-squares Regression: Parameter Estimates and ANOVA
Table of Log-transformed Elephant Counts Outside the Protected Area

3a. A Straight Line Fitted by Least-squares Regression: Parameter Estimates and ANOVA Table of
Log-transformed Elephant Counts Outside the Protected Area.

Variable Coefficient

Constant 11.161

Year -0.004

ANOVA Table

Source ss dJ.

Regression 0.007 1

Residual 0.506 6

R2adj= 0.000

Standard error

27.186

0.014

0.411

-0.291

P(2 tailed)

0.696

0.781

m.s. F-Ratio P

0.7810.007

0.084

0.085

3b A Straight Line Fitted by Least-squares Regression: Parameter Estimates and ANOVA Table of
Log-transformed Elephant Counts in the Whole Ecosystem.

Variable Coefficient

Constant 42.367

Year -0.019

ANOVA table

Source ss dJ.

Regression 0.167 1

Residual 0.109 6

R2adj= 0.539

12.630

0.006

3.355

-3.030

P(2 tailed)

0.015

0.023

Standard error t

m.s. F-Ratio P

0.0230.167

0.018

9.183

3c. A Straight Line Fitted by Least-squares Regression: Parameter Estimates and ANOVA Table of
Log-transformed Metabolic Weights for Grazers Outside Ecosystem.

Variable Coefficient Standard error t

2.418

-2.333

P(2 tailed)

0.052

0.058

Constant 42.411

-0.021

17.539

0.009Year
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ANOVA table

Source ss dJ. m.s. f-Ratio P

Regression 0.191 1 0.191 5.443 0.058

Residual 0.211 6 0.035

R2adj = 0.388

184



References

Ackoff, R. L. 1971,
Towards a system of system concepts. Journal of Management science, 17.

Amuyunzu, C., 1984,
Land resource inventory as a basis for land evaluation and rural development:
the role of remote sensing techniques. A case study from part of Narok district,
Kenya. Unpub. MSc. thesis. ITC.

Anuta, P.E., 1977,
Computer-assisted analysis techniques for remote sensing data interpretation.
Geophysics 42, 3, pp 468-481.

Argailas, D.P. and C.A Harlow, 1990,
Computational image interpretation models: an overview and perspective.
Photogrammetric Engineering and Remote Sensing 56, 6, pp 871-886.

, .-

, I
Arnoff, $,; 1982;! ,-

Classification accuracy: a user's approach. Photogrammetric Engineering and
Remote Sensing, 48, pp 1299-1307.

Aspiriall, R., 1992~
Spatial analysis of wildlife distribution and habitat in a GIS. Proc. 5th int. symp.
on spatial data handling, 3 - 7 August 1992, Charleston, South Carolina, USA,
Vol. 2, pp 445-453.

Avison, D.E. and G. Fitzgerald, 1988,
Information Systems Development: Methodologies, Techniques and Tools.
Blackwell Scientific Publications, London.

Barnes, G. and A P. Vonderohe, 1987,
Some technical and institutional considerations for cadastre-based land
information systems in developing countries. Proc. ASPRS-ASCM annual
convention, Baltimore, Maryland, 29 March-3 April, Vol. 5, pp 193-202.

Bax, P. N. and D.L.W. Sheldrick, 1963,
Some preliminary observations on the food of elephants in the Tsavo Royal
National Park (East) of Kenya. East African Wildlife Journal 1, pp 41-53.

Benson, A S. and S. D. DeGloria, 1985,
Interpretation of Landsat-4 thematic mapper and multi-spectral scanner data for
forest surveys. Photogrammetric Engineering and Remote Sensing 51, pp 1281-
1290.

185



Blaha, R B., W. J. Premerlani and J. E. Rumbaugh, 1988,
Relational Database Design using an Object-oriented Methodology.
Communications of the Association for Computing Machinery, 31.

Boar, H. B., 1985,
Application Prototyping: A Project Management Perspective. AMA Management
Publication, New York.

Boar, H. B., 1993,
Implementing Client/server Computing: A Strategic Perspective. McGraw-Hi 11 ,
New York.

Braun-Blanquet, J.J., 1964,
Pflanzensoziologie. Grundzuge der Vegetationskunde (3rd edit). Springer,
Vienna, New York.

Bridgewater, P.B., 1993,
Landscape ecology, geographic information systems and nature conservation.
In: Haines-Young, R, D.R Green and S.H. Cousins (eds.), Landscape Ecology
and Geographical Information Systems. Taylor and Francis, London.

Brown, R L. (ed), 1985,
State of the world 1985:A World watch Institute Report on Progress Towards a
Sustainable Society. Harper and Row, New York.

Brown, L.H., 1971,
The biology of pastoral man as a factor in conservation. Biological
Conservation, 3, 2, pp 93-100.

Burley, T.M., 1961,
Land use or land utilization? Professional Geographer 13, 6, pp 18-20.

Burrough, P.A, 1986,
Principles of Geographical Information Systems for Land Resources
Assessment. Monographs on soil and resources survey no. 12, Clarendon
Press, Oxford.

Burrough, P. A. and A. U. Frank, 1995,
Concepts and paradigms in spatial information: are current geographical
information systems truly generic? International Journal of Geographical
Systems 9,2, pp 101-116.

Buss, 1.0., 1961
Some observations on food habits and behaviour of the African elephant.
Journal of Wildlife Management 25,2, pp 131-148.

186



Cap Gemini Publishing 8 V, 1991,
Systems Workbench. Cap Gemini Publishing 8 V, Rijswilk, The Netherlands.

Caughley, G., 1974,
8ias in aerial survey. Journal of Wildlife Management 38, pp 921-933.

Caughley, G and A. R E. Sinclair, 1994,
Wildlife Ecology and Management. 81ackwell Scientific Publications, Oxford.

Central Bureau of Statistics, 1994,
The Population Census. Government of Kenya Press.

Chen, P. P. S. 1976,
The entity relationship model: towards a unified view of data. ACM Trans on
Database Systems, 1,1 pp 9-36.

Cibula, W.G., 1987,
Use of topographic and climatological models in a geographical data base to
improve Landsat MSS classification for Olympic National Park. Photogrammetric
Engineering and Remote Sensing 53, pp. 67-75.

Clarke, R, (ed.) 1986,
The handbook of Ecological Monitoring. A GEMS/UNEP publication, Clarendon
Press, Oxford.

Cobb, S., 1976,
The distribution and abundance of large herbivores of Tsavo National Park,
Unpub. PhD thesis, Oxford University.

Cochran, W. G., and G. M. Cox, 1957,
Experimental designs. New York, Wiley.

Conway, W. 1988,
Can technology aid species preservation? in E.O. Wilson and F. M. Peter (eds),
8iodiversity. National Academy Press, Washington D. C.

Conyers, D. and P. Hills, 1984,
An Introduction to Development Planning in the Third World. John Wiley and
Sons, New York.

Czejdo, 8., Elmasri, Rand M. Rusinkiewinz, 1990,
A graphical data manipulation language for an extended entity-relationship
model. Computer, March, pp 26-35.

Date, C. J., 1995,
An introduction to Database Systems. (6th edition). Addison-Wesley, New York.

187



Davis, G. B. and M. H. Olson, 1985,
Management Information Systems: Conceptual Foundations, Structure, and
Development. Series in management information systems, McGraw-H ill , New
York.

De Man, W. H. E., 1988,
Establishing a geographical information system in relation to its use. A process
of strategic choices. International Journal of Geographical Information Systems
2, 3, pp 245-261.

Dickinson H. J. and Calkins H. W., 1988,
The economic evaluation of implementing a GIS. International Journal of
Geographical Information Systems, 2, 4, pp 307-327.

Eason, K., 1988,
Information Technology and Organizational Change. Taylor and Francis, New
York.

Egenhofer, M. J. 1992, '
Why not SQL!lnternational Journal of GIS 6, 2, pp 71-85.

Egenhofer, E. J. and A. U. Frank, 1989,
Object-oriented modelling in GIS: inheritance and propagation. Proc. Autocarto

9, Baltmore, pp 588-598.

Ehlers, M., G. Edwards, and Y. Bedard, 1989,
Integration of remote sensing with geographic information systems.
Photogrammetric Engineering and Remote Sensing 55, 11, pp 1619-1627.

Eidsvik, H. K., 1986,
Protected area conservation and development. The University of British
Columbia Press, Canada.

FAO, 1981,
Tropical resource assessment project (GEMS): Tropical Africa, Tropical Asia,
Tropical America (4 Vols), FAO/UNEP, Rome, Italy.

FAO/UNEP, 1982,
Tropical Forest Resources. FAO, Rome, Italy.

Fernandez, R. N. and M. Rusinkiewinz, 1993,
A conceptual design of a soil database for a geographical information system.
International Journal of Information Systems 7,6, pp 525-539.

Forman, T.T.R. and M. Gordon, 1986,
Landscape Ecology. John Wiley and Sons, New York.

188



Fosbrooke, H.A., 1989,
Case study: Ngorongoro Crater and Serengeti National Park. In Ve rwey , W.D.
(ed), Nature management and sustainable development. lOS, Amsterdam, pp
246-255.

Fox J. M., 1991,
Spatial information for resource management in Asia: a review of institutional
issues. International Journal of Geographical Information Systems 5, 1, 59-72.

Franklin, S.E, 1989,
Ancillary data input to satellite remote sensing of complex terrain phenomenon.
Computer Science and Geo Science 15, 5, pp 799-808.

Franklin, J. and P.H.Y. Hiernaux, 1991,
Estimating foliage and woody biomass in Sahelian and Sudanian woodland
using a remote sensing mode\. International Journal of Remote Sensing 12, 6,
pp 1387-1404.

Freedman, B., 1989,
Environmental Ecology: the Impacts of Pollution and other stresses on
Ecosystem and Structure and Function. Academic Press, San Diego.

Goodchild, M.F., 1992,
Geographical data modelling. Computers and Geoscience 18, 4, pp 401-408.

Guariso, G. and H. Werthner, 1989,
Environmental Decision Support Systems. John Wiley and Sons, New York.

Gwynne , M. D. and H. J. Croze, 1975,
The concept of ecological monitoring over very large areas of land: the
systematic reconnaissance flight (SRF). Proc. int. sypm. on wildlife
management in savannah woodlands, University of Ibadan, Nigeria.

Haines-Young, R, D.R Green and S. Cousins (eds.), 1993,
Landscape Ecology and Geographic Information Systems. Taylor and Francis,
London.

Harris, D.L. and R Sullivan, 1980,
A one hundred year comparison of human occupancy and wildlife ecology in
North Eastern Tanzania. University of Florida.

Hawryszkiewycz, \.T., 1991,
An Introduction to Systems Analysis and Design. Prentice Hall, London.

Heinen, J. and G. H. Cross, 1983,
An approach to measure interspersion, juxtaposition and spatial diversity from
land cover maps. Wildlife Society Bulletin 11, pp 232-237.

189



Hill, M.O., 1979,
Twinspan - A fortran program for arranging multivariate data in an ordered two-
way table by classification of individuals and attributes. Cornell University,
Ithaca, N.Y., 90 pp

Hinteregger, G, 1992,
Environmental conventions elaborated under the auspices of the United Nations
Economic Commission for Europe. Discussion paper, United Nations, New
York.

Hughes, J. G., 1991,
Object-oriented Databases. Prentice Hall, New York.

Huising, J., 1993,
Land use zones and land use patterns in the Atlantic zone of Costa Rica. A
pattern recognition approach to land inventory at sub-regional scale, using
remote sensing and GIS, applying an object-oriented and data-driven strategy.
PhD thesis, Wageningen Agricultural University, The Netherlands.

Huston, AM., 1994,
Biological Diversity. The Coexistence of Species on Changing Landscapes.
Cambridge University Press.

Hutchinson, F.C., 1982,
Techniques for combining Landsat and ancillary data for digital classification
improvement. Photogrammetric Engineering and Remote Sensing 48, 1, pp.
123-130.

IBM, 1984,
Business System Planning: Information Systems Planning Guide No. GE20-
0527 -4. International Business Machines Corporation.

ILWIS, 1993,
The Integrated Land and Water Information System, User's Manual. ITC,
Enschede.

loka M. and K. Masato, 1986,
Performance of Landsat 5 TM data in land cover classification. Photogrammetric
Engineering and Remote Sensing 7,12, pp 1715-1728.

IUCN, 1978,
Categories, objectives and criteria for protected areas. IUCN, Gland,
Switzerland.

IUCN, 1980,
World conservation strategy: living resources conservation for sustainable
development. IUCN-UNEP-WWF, Gland, Switzerland.

190



IUCN, 1986,
Managing protected areas in the Tropics. Compilers: Mackinnon, J., K.
Mackinnon, G. Child and J. Thorsell, International Union for Conservation of
Nature and Natural Resources and the United Nations Environment Programme,
Gland, Switzerland.

IUCN, 1990,
Biodiversity in Sub-Sahara Africa and its Islands. Conservation, Management
and Sustainable Use. Occasional papers of IUCN species survival commission
no. 6, IUCN, Gland, Switzerland.

Janssen, L.I.F., M.N. Jaarsma and E.T.M van Linden, 1990,
Integrating topographic data with remote sensing for land cover classification,
Photogrammetric Engineering and Remote Sensing 56, 11, pp 1503-1506.

Janssen, L., 1994,
Methodology for updating terrain object data from remote sensing data. The
application of Landsat TM data with respect to agricultural fields. PhD thesis,
Wageningen Agricultural University, The Netherlands.

Jensen, J.R, 1986,
Introductory Image Processing - a Remote Sensing Perspective. Prentice-Hall,
Englewood Cliffs, New Jersey.

Johnson, B.L., 1990,
Analyzing spatial and temporal phenomena using geographical information
systems. A review of applications. Landscape Ecology 4, ,1 pp 31-43.

Jongman R H. G., C. J. F. ter Braak and O. F. R van Tongeren (editors) 1987,
Data analysis in community and landscape ecology. Pudoc Wageningen, 1987.

Jorgensen, S.E., 1988,
Fundamentals of Ecological Modelling. Elsevier, Amsterdam.

Kannegieter, A, 1988,
Mapping land-use. In Kuchler AW. and Zonneveld I.S. (eds) Handbook of
Vegetation Science. Kluwer Academic Publishers, Dordrecht.

Karr. J. R, 1976,
Within- and between -habitat avian diversity in African and neotropical lowlands
habitats. Ecological Monographs, 46: 457-481.

Kenk, E., M. Sondheim and B. Yee, 1988,
Method for improving accuracy of thematic mapper ground cover classification,
Canadian Journal of Remote Sensing, 14, 1 pp. 17-31.

191



Kenya Wildlife Service, 1990,
A Policy Framework and Development Programme 1991-1996. Kenya Wildlife
Service, Nairobi.

Kenya Wildlife Service, 1996,
Wildlife policy 1996. Unpub internal report, Kenya Wildlife Service, Nairobi.

Kruger National Park, 1960,
Annual Report of the Biologist, 1958/59. Koedoe, 3.

Kufoniyi, O. 1995,
An introduction to object-oriented data structures. ITC Journal 1995-1.

Lark, RM., 1995,
Components of accuracy of maps with special reference to discriminant analysis
on remote sensor data. International Journal of Remote Sensing 16, 8, pp 1461-
1480.

Lillesand T. M. and R W. Kiefer, 1994,
Remote Sensing and Image Interpretation (3rd edit). John Wiley and Sons, New
York.

Lindley D.V. and W.F. Scott, 1984,
New Cambridge Elementary Statistical Tables. Cambridge University Press.

Longworth, G., 1985,
Designing Systems for Change. NCC, Manchester.

Loth, P.E. and H. H. T. Prins, 1986,
Spatial patterns of landscape and vegetation of Lake Manyara National Park.
ITC Journal 1986-3, pp 115-130.

Lyon, G. J., 1983,
Landsat-derived land-cover classification for locating potential kestrel nesting
habitat. Photogrammetric Engineering and Remote Sensing 49, 2, pp 245-250.

Mather, M.P., 1987,
Computer Processing of Remotely-sensed Images: an introduction. John Wiley
and Sons, New York.

Mbugua, S.W. and W.E.Stevens, 1977,
Distribution and densities of livestock and wildlife in the Kenya rangelands.
KREMU Tech. report No 1, Nairobi, Kenya.

McCloy K.R 1995,
Resource Management Systems: Process and Practice. Taylor and Francis,
London.

192



McKendry, J.E. and G.E. Machlis, 1991,
The role of geography in extending biodiversity gap analysis. Applied
Geography 11, pp 135-152.

McNeely J. A, K. R. Miller, W. V. Reid, R. A Mittermeier and T. b. Werner, 1990,
Conservation the world's biological diversity. IUCN, Gland, Switzerland; WRI,
Cl, WWF-US, and the World Bank, Washington D.C.

Mead, R. A, T. L. Sharik, S. P. Prisleyand J. T. Heinen, 1981,
A computerized spatial analysis system for assessing wildlife habitat from
vegetation maps. Canadian Journal of Remote Sensing 7,1, pp 34-40.

Michalak, W. Z., 1993,
GIS in land use change analysis: integration of remotely sensed data into GIS.
Applied Geography 13, pp 28-44.

Middelkoop, H., 1990,
Uncertainty in a GIS: a test for quantifying interpretational output. ITC-Journal,
1990-3, pp 225-233.

Middelkoop, H. and L. L. F. Janssen, 1991,
Implementation of temporal relationships in knowledge-based classification of
satellite images. Photogrammetric Engineering and Remote Sensing 57,7, pp
937-945.

Molenaar, M., 1989a,
Single-valued vector maps - a concept in geographic information systems. GIS
2,1, pp 18-26.

Molenaar, M., 1989b,
Towards a geographic information theory. ITC Journal 1989-1, pp 5-11.

Molenaar, M., 1991,
Status and problems of geographical information systems. The necessity of a
geoinformation theory. ISPRS Journal of Photogrammetry and Remote Sensing
46, pp 85-103.

Molenaar, M., 1991,
Formal data structures. Object dynamics and consistency rules. In: Ebner, H. et
al (eds.), Digital Photogrammetric Systems, Wichman, Karlsruhe.

Molenaar, M., 1994,
A syntactic approach for handling the semantics of fuzzy spatial objects.
European Science Foundation, GISDATA, Baden (Austria).

193



Molenaar, M., 1996,
The extensional uncertainty of spatial objects. Proc. international symposium on
spatial data handling, August 12-16, Delft, The Netherlands.

Molenaar, M. and D. E. Richardson, 1994,
Object hierarchies for linking aggregation levels in a GIS. Proc. symp. ISPRS
comm 4, May 31-June 3, Athens, Georgia, USA.

Molenaar, M. and L.F. Janssen, 1994
Terrain objects, their dynamics and their monitoring by the integration of GIS
and remote sensing. Proc. Symp. ISPRS comm 3, September, Munchen.

Molenaar, M. and D. E. Richardson, 1994,
Object hierarchies for linking aggregation levels in a GIS. Proc. symp. ISPRS
comm 4, May 31-June 3, Athens, Georgia, USA.

Mwenge International Associates Ltd, 1980,
A Study on the Management of Very Large Herbivores in Kenya. Ministry of
Environment and Natural Resources, Nairobi.

Nash, R., 1982,
Wilderness and the American Mind (3rd edit). Yale University Press, New
Haven.

Nicholls, A. O. , 1989,
How to make Biological Surveys go further with Generalized Linear Models.
Biological Conservation, 50, pp 51 - 75.

Niemann, 0., 1993,
Automated forest cover mapping using thematic mapper images and ancillary
data. Applied Geography 13, pp 86-95.

Norton-Griffiths, M (1978),
Counting animals (2nd edn). East African Wildlife Foundation, Nairobi, Kenya.

Odum, E. P., 1971,
Fundamentals of Ecology (3rd edit.). W.B. Saunders, Philadephia.

Ottichilo, W.K., E. Kabaru, S.W.Mbugua, and J.G. Stelfox, 1981,
The Conservation and Utilization of Wildlife in Kenya as a Renewable Natural
Resource. KREMU tech. report no, 41, Nairobi, Kenya.

Oxborrow, E. and Z. Kemp, 1989,
An object-oriented approach to data management in geographical data. Proc.
Managing geographical information systems databases, Lancaster University,
12 pp.

194



Palmer, B. D. 1991,
GIS or GIM? proc. of Association for Geographic Information annual conference,
London, pp 271-275.

Paresi, C.M., 1995,
Introduction to Information System Development and to System Development
Methodology. Department of Geoinformatics, International Institute for
Aerospace Survey and Earth Sciences (ITC), Enschede.

Pellew, R, 1995,
Biodiversity conservation -why all the fuss? RSA Journal 143, pp 53-66.

Pickup, G. and V.H. Chewings, 1994,
A grazing gradient approach to land degradation assessment in arid areas from
remotely-sensed data. Jnternational Journal of Remote Sensing 15, 3, pp 597-
617.

Pimms, S.L. and M.E. Gilpin, 1989,
Theoretical issues in conservation biology. J. Roughgarden, RM. May and S.A.
Levin (ed) In: Perspectives in Ecological Theory, Princeton University Press,
pp 287-305

Prins, H.H.T., 1992,
The pastoral road to extinction: Competition between wildlife and traditional
pastoralism inEast Africa. Environmental Conservation 19, 2, 1992 pp 117-123.

Richardsqn, D. E., 1993,
Automated Spatial and Thematic Generalization using a Context Transformation
Model. R & B Publications, Canada.

RLE 3,1994,
Land coverlland use Map of Wundanyi-Mwatate area, Taita-Taveta district,
Kenya. Division of Vegetation and Agricultural Science, International Institute
for Aerospace Survey and Earth Sciences (ITC), Enschede.

Shimoda, H., K. Fukue, Z. Yamguchi, Z. Zinjue and T. Sakata, 1988,
Accuracy of classification of TM and SPOT data. Proc. IGARS symp, Edinburgh,
Scotland, ESA, SP.284, pp 529-535.

Soule, M. E. and B. A. Wilcox, 1980,
Conservation biology: an Evolutionary-Ecological Approach. Sinauer
associates, Sunderland Massachusetts.

Story, M. and R G. Congalton, 1986,
Accuracy assessment: a user's perspective. Photogrammetric Engineering and
Remote Sensing 52,3, pp. 397-399.

195



Strahler, A.H. 1980,
The use of prior probability in maximum likelihood classification of remotely
sensed data. Remote Sensing of Environment 10, pp 135-163.

Swain, P.H. and S.M. Davis (eds.), 1978,
Remote Sensing. The Quantitative Approach. McGraw-Hill, New York.

Tansley, A. G., 1935,
The use and abuse of vegetation concepts and terms. Ecology, 16, pp 284-307.

Tivy, J., 1994,
Biogeography. A study of plants in the ecosphere. Longman Scientific and
Technical.

Trotter, C. M., 1991,
Remotely-sensed data as an information source for geographical information
systems in natural resource management: a review. International Journal of
Geographical Information Systems 5, 2, pp 225-239.

Tucker, J.C., J.RG. Townshend and T.E. Goff, 1985,
African land cover classification using satellite data. Science 227,4685, pp 369-
375.

U.S. Fish and Wildlife Service, 1980,
Habitat as a Basis for Environmental assessment. U.S. dept of Inter., FWS/DES-
ESM 101, Washington, D.C.

UNESCO, 1973,
Classification internationale et cartographie de la vegetation. Ecologie et
Conservation no. 6.

Van Zuidam, RA., 1985,
Aerial Photo-interpretation in Terrain Analysis and Geomorphic Mapping. Smits
Publishers, The Hague.

Van Wijngaarden, W. 1985,
Elephants - Trees - Grass - Grazers. Relationships between climate, soils,
vegetation and large herbivores in a semi-arid savanna ecosystem (Tsavo
Kenya). ITC publication no 4, Enschede.

Van Wijngaarden, W., 1991,
The green cover of the earth: a dynamic resource in a changing environment.
ITC Journal 1991-3, pp 113-121.

Van Gils, H. A. M. and W. van Wijngaarden, 1984,
Vegetation structure in reconnaissance and. semi-detailed surveys. ITC Journal
1984-3, pp 213-218.

196



Van Keulen, H., 1990,
Data and models in landresource management. ITC Journal 1990-4, pp 363-
367.

Weg, RF. and F.J. Mbuvi, 1975,
Soils of Kindaruma Area. Reconnaissance Soil Survey Report no 2, Government
Printer, Nairobi.

Whitmore, T. C., R Perelta, and K. Brown, 1995,
Total species count in the Costa Rican tropical forest. J. Tropical Ecology,
1:375-378.

Wilkinson L., H. MaryAnn, P.J. Weina and K. G. Birkenbeuel, 1992,
SYSTAT for Windows: Version 5, SYSTAT, Inc. Evanston, IL.

Wilson, E., (ed) 1988,
Biodiversity. National Academy Press, Washington DC.

Wintraecken, J. J. H., 1987,
Informatie-analyse volgens MIAM. Control data Academic Service, Den Haag.

Worboys, M. F. 1992,
A generic model for planar geographic objects. International Journal of GIS 6,
5, pp 353-372.

Yourdon, E., 1994,
Object-oriented System Design: An Integrated Approach. Prentice Hall, New
Jersey.

Yourdon, E., 1988,
Managing the System Life Cycle. Yourdon Press, Englewood Cliffs.

Zinck, J, A. and C.R Valenzuela, 1990,
Soil geographic database: structure and application examples. ITC Journal
1990-3.

Zonneveld, I.S., 1988,
The ITC method of mapping natural and semi natural vegetation. In: Kuchler,
AW. and I.S. Zonneveld (eds.), Handbook of Vegetation Science, Kluwer
Academic publishers, Dordrecht.

Zonneveld,I.S., 1989,
The land unit - a fundamental concept in landscape ecology, and its application.
Landscape Ecology 3, 2, pp 67-86.

197


