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CHAPTERR 7 

LANDD USE CONFLICT S RESOLUTION IN A FRAGIL E ECOSYSTEM USING 

MULTI-CRITERI AA EVALUATIO N (MCE) AND A GEOGRAPHIC 

INFORMATIO NN SYSTEM-BASED DECISION SUPPORT SYSTEM (GIS-DSS) 

7.11 Introductio n 

Onee of the greatest challenges facing the world today is food (in)security. Globally, 

prospectss for enhancing food security through intensive agriculture and biotechnology exist. 

However,, in regions where poverty or natural conditions preclude the adoption of these 

technologies,, threats of food insecurity are still high and rising. Food demands from 

growingg populations and increasing affluence levels often lead to overexploitation of 

existingg resources. This degrades the environment, subsequently reducing its capacity to 

producee food. Prospects of enhancing food security in such areas lie in improved 

environmentall  management and agricultural diversity. Exploitation of these prospects 

requiress careful selection of land for specific uses and broader resource utilisation systems; 

otherwisee it can also lead to more degradation. 

Environmentall  problems related to overexploitation and uncoordinated 

intensificationn of resource utilisation is widespread in the developing world and sub-Saharan 

Africaa in particular. In Kenya over-exploitation of natural resources as a result of socio-

economicc development is evident. In the Lake Baringo area, for example, socio-economic 

andd demographic changes have necessitated a shift in production system from 

predominantlyy pastoral to more sedentary agro-pastoral (Meyerhoff. 1991; Bryan, 1994). 

Thiss has resulted to over-exploitation of natural resources and allocation of land to 

unsustainablee uses. Consequently, land degradation in the area has accelerated as evidenced 

byy declining vegetation cover and soil erosion. Further, conflicts between crop and livestock 

producerss have been known to occur, particularly during dry seasons. These conflicts 

sometimess lead to loss of human life and destruction of resources such as crops and 

livestock,, exacerbating the food shortage problem. 

Thee need to enhance food security and improve the quality of the environment in the 

Baringoo area is urgent. One way of achieving this is through effective land use planning to 

controll  the changing production systems and provide mechanisms for resolving land use 
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conflicts.. This chapter proposes a land use allocation system that strives to maximise the 

satisfactionn of multiple land use objectives while at the same time minimising land use 

conflictss using a GIS-based decision support system (DSS). The specific objectives of the 

chapterr are: a) to evaluate the potential of the study area for different land use objectives and 

b)) to produce an optimal land use allocation for the area using a DSS. The proposed system 

considerss multiple land use objectives, ranging from those of individual land resource 

consumerss to conservationists. It then attempts to optimise the allocation of land to all 

prospectivee users using the decision-making tools incorporated in IDRISI for Windows 

(Eastman.. 1995). The allocation system adopts the participatory approach (Chambers, 1983) 

wheree stakeholders strive to reach consensus on the optimum land allocation that 

simultaneouslyy satisfies all their objectives with minimum conflicts. 

Landd use conflicts in the study area can be divided into two types. The first type, 

referredd here as environmental conflict, occur as a result of putting land into uses that are 

nott compatible with the land characteristics. Cultivation of areas with little and unreliable 

rainfalll  or on steep slopes and intensive tree harvesting in areas with slow regeneration 

aree examples. The second type of conflict arises from competition for land between 

differentt land uses. i.e. pastoralism. sedentary agriculture, tree harvesting and 

conservation.. While for many years communities that inhabit semi-arid areas have 

dependedd on pastoralism as the main socio-economic activity, the changing lifestyles and 

increasingg demands for food and money for purchasing non-food commodities such as 

education,, is forcing these communities to increase their animal stocks, practice crop 

productionn and over harvest trees in both privately and communally owned land to 

producee charcoal for sale. This type of conflict is referred to as socio-economic conflict. 

Itt is assumed that a decision support system can be used to resolve both types of 

conflicts. . 

Decisionn support systems are computer-based systems that can help decision-

makerss confront poorly structured problems through direct interaction with data and 

modelss (Sparague and Watson. 1986). Land use conflicts arising from the poor 

understandingg of environmental processes, combined with inadequate knowledge of the 

factorss that influence individual land use decisions, makes land use allocation a poorly 

structuredd problem. Finally, for the purposes of this study, food security is defined as the 
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abilityy of a community to have access too an adequate year round supply of food including 

thee water and energy required for its production. This access can be through direct 

extractionn of food from the natural resource base or through extraction and trade of 

tangiblee and non-tangible non-food natural resources found within the area to obtain 

incomee to secure the food needs. 

Thee food, fuel and fodder needs in the semi-arid Baringo area can be met sustainably 

i.e.. without causing degradation if proper decisions on land use are made. This assertion is 

basedd on three premises. First, land degradation is mostly caused by putting land to 

incompatiblee uses. Degradation can therefore be minimised if land is put to compatible uses 

fromm ecological point of view. Second, conservation can only take place if the needs of the 

landd users are satisfied. For example, destruction of vegetation for local energy uses and 

incomee generation through charcoal selling can only be stopped if alternative energy sources 

andd income generating options are provided. There is thus need for a land use management 

systemm that takes into account the needs of all actual and potential land users. Finally, efforts 

too protect or rehabilitate degraded lands are in most cases hampered by lack of consensus on 

thee need and ways to manage the common resources at the community level. While 

individualss may see the need to protect common resources, mechanisms to co-ordinate their 

decisionss and efforts may not be readily available, often leading to the tragedy of the 

commonscommons problem described by Hardin (1968). In the study area, this problem has further 

beenn compounded by changes in land rights and administrative structures (Groot et al.. 

1992),, which have weakened traditional resource management systems without providing 

functionall  alternatives. 

7.22 Land Use Allocation and Decision Making 

Goodd land is a scarce primary resource in Kenya where more than 75 per cent of the land is 

categorisedd as low potential. This percentage is higher in the arid and semi-arid areas 

(ASALS)) where steep slopes, shallow soils and unreliable rainfall raise the percentage of 

loww potential land considerably. Competition for available good land by different 

developmentt activities in such areas is thus very high. Agriculture, human settlement, 

recreation,, communication networks and even conservation prefer flat to gently sloping land 

withh medium textured well-drained soils. As human society develops both in size and 
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complexity,, so does the demand for land. Being a finite resource, programmes designed to 

increasee the area allocated to one use automatically results in a decrease in land available for 

otherr uses. This competition causes serious land use conflicts, which land use planners, 

decision-makerss and individual farmers need to resolve. Land users and policy makers have 

too make choices between usually conflicting or competing land uses, which in most cases 

aree of more or less equal importance. The problem becomes more severe where the 

availablee land can hardly be used sustainably for anything, while at the same time it is 

expectedd to meet food, fodder and energy demands, generate income and perform ecological 

functionss such as stabilisation of biogeochemical cycles and biodiversity conservation. 

AA sustainable land use system, i.e. one that ensures that the limited good land is 

allocatedd such that it is able to meet the needs of all prospective land users while at the 

samee time protecting the natural resource base for future generations (WCED, 1987). can be 

achievedd if the land allocation process follows the following guidelines. First, the 

allocationn process should be preceded by the identification of all land use objectives and 

wheree possible quantification of these objectives into areas of land required. Second, the 

ecologicall  requirements for all these land uses need to be identified. Third, there should 

bee a mechanism for ecologically matching the identified land use objectives with the 

availablee land, i.e. the ability to identify optimal lands for different objectives. Finally, 

theree needs to be a mechanism for making decisions on the most optimal allocation, i.e. 

thee allocation which maximises the attainment of all objectives while minimising 

conflictss among land uses/users and land characteristics. 

Besidess the technical issues outlined above, decision making on rural land use also 

sufferss some logistical problems. First, decisions on land use are made at individual 

householdd levels. Master plans for rural land use development do not exist. Such decisions 

cann therefore easily be competitive or conflicting. At best rural land use development is 

regulatedd by restrictive legislative mechanisms meant to protect land for ecological 

functions.. Such legislative approaches to environmental management have been found to be 

ineffectivee in many parts of the world (Horen, 2001). Mostly, they are ignored or simply so 

outt of touch with the actual developments taking place that their implementation is 

impossible.. Second, while individuals may be aware of the need to conserve the 
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environmentt they lack frameworks through which they can collectively implement such 

commitments.. The proposed system is meant to provide such a framework. 

Thee remainder of this section discusses how these concerns have been addressed and 

incorporatedd in the land use allocation process. Identification of land use objectives is 

discussedd in section 7.2.1. Section 7.2.2 looks at the land use criteria identification process. 

Somee approaches for matching land uses to land units are discussed in section 7.2.3. Finally, 

thee land use allocation decision-making process is discussed in section 7.2.4. 

7.2.11 Land Use Objectives 

Landd use objectives are specific activities carried out on land for the purpose of attaining 

definedd goals, which in most cases have quantifiable outputs. Land use objectives can be 

complementary,, competitive or conflicting. Complementary objectives require land with 

similarr qualities and all can be met on the same land unit, i.e. they can share land. 

Competitivee objectives require land units with similar characteristics but no two objectives 

cann be satisfied on the same land, i.e. they cannot share the same land. Conflictive objectives 

aree similar to competitive objectives in that only one objective can be allocated to each land 

unit.. The difference between the two is that whereas a clear prioritisation can be made 

betweenn competing objectives, the same cannot be done for conflicting objectives. In the 

broadd context of landscape planning, land use objectives include both economical and 

ecologicall  functions, such as food and energy production, income generation, 

infrastructuree development, soil/water conservation and biodiversity protection. Some of 

thesee objectives are complementary, e.g. soil and vegetation conservation, others are 

competitivee e.g. food production and sub-urban settlements while others are conflicting, 

e.g.. vegetation conservation and wood fuel extraction. 

Too minimize conflicts, objective identification should be a group activity done 

usingg the participatory approach. All possible stakeholders sit together and state what 

theyy require from the land under consideration. Groot et al. (1992) gives a good example 

off  local participatory decision making for conservation purposes. Objective identification 

shouldd be exhaustive and all objectives quantified in terms of the amount of land they 

requiree and the returns expected. Information on expected returns allows the evaluation 

off  comparative advantages of different objectives. Estimation of amounts of land required 
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byy different land use objectives is guided by present and projected per capita 

requirementss using existing standards such as the WHO nutrition recommendations. 

7.2.22 Land Suitability Criteri a 

Criteriaa are measurable attributes of land on the basis of which decisions about land 

qualityy and its suitability for specific uses can be made. Two types of criteria are 

distinguishedd i.e. factors and constraints (Eastman et al„  1993). A factor is a continuous 

geographicc attribute that enhances or diminishes the suitability of land towards meeting a 

specificc objective. Available rainfall, soil depth, slope, temperature are examples. A 

constraint,, on the other hand, limits available alternatives by imposing restrictions e.g. the 

exclusionn from development of all areas designated wildlif e reserve or areas with slopes 

exceedingg 100%. Besides site characteristics (surface and near surface land qualities), 

criteriaa also arise from situational conditions (relationships between site and surrounding 

areas),, e.g. proximity to communication infrastructure, service/facility centres or energy 

sourcess (Eastman et aL 1993). Criteria are presented in the form of maps. 

Identificationn of criteria is a technical activity, which uses theory or empirical 

researchh to allocate suitability ratings to different land units for specific land uses on the 

basiss of measurable land attributes. This activity can also be done using the participatory 

approachh whereby a group of experts from various disciplines sit together to identify the 

criteriaa for the identified land use objectives. With such a set-up, complementarities among 

objectivess can be maximised and conflicts minimised. 

7.233 Land Suitability Assessment Approaches 

Thee need for comprehensive land use suitability information has been recognised for a long 

timee and has provided incentives for the development of land inventory and classification 

systemss (CLI. 1970; USDA, 1978 and FAO. 1976). These inventory and classification 

systemss have been implemented using both manual and digital systems. With manual 

systems,, analog data i.e. maps, aerial photographs and statistics are used to match land use 

objectivess with land units. Land attribute maps are systematically analysed using techniques 

suchh as overlaying (McHarg. 1969) to produce land capability/suitability maps on the basis 
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off  which decisions on land allocation are made. Manual analysis methods have several 

limitationss including inflexibility, cumbersome to use and difficulty to up-date. 

Mostt of the deficiencies of manual systems can be overcome by computerising data 

andd analysis processes using a GIS. Besides enhancing data analysis, computerised data 

systemss provide an ideal medium for data integration, where spatial and non-spatial data 

fromm disparate sources are captured and stored together in a database, allowing a more 

holisticc assessment of both land units and land use objectives. If properly organised, such 

databasess also allow easy data access for both utilisation and update. Finally, the flexibility 

withh which output can be displayed using maps, tabulations, statistics and graphics, ensures 

thatt information gets to the various users in formats most suitable to them. Computerisation 

allowss maps to be displayed and printed at different scales to suit specific uses, with the 

abilityy to add or remove data according to the level of details desired. 

Althoughh standard geographical information systems can greatly assist in selecting 

sitess that simultaneously meet pre-determined criteria, they do not assist in deciding on 

whichh among the sites offers the most benefit. Most systems do not provide decision tools 

forr evaluating and selecting the best alternative when problems involving multiple criteria 

andd conflicting objectives are encountered (Carver, 1991; Jankowski. 1995). Limitations of 

GISS in evaluation and decision-making have been summarised by Janssen and Rietveld 

(1990).. To overcome these deficiencies additional procedures are required to evaluate the 

suitabilityy of different sites falling within the feasible areas identified using the standard GIS 

overlayy procedures. One of the commonly used procedures is muiti-criteria evaluation 

(MCE)) (Carver, 1991. Herwijnen. 1999). Land suitability assessment using MCE tools is 

discussedd below. 

7.2.44 Laad Suitability Assessment Process 

Differentt land uses have different ecological requirements, which are expressed as land use 

criteria.. For GIS analysis criteria are presented as maps. Factors are presented as discrete 

valuee maps while constraints are presented in the form of Boolean maps with excluded 

areass coded zero (0) and areas open for consideration coded one (1). Factor maps consist 

off  values expressed in different physical units e.g. metres, degrees Celsius, etc. It is 

thereforee necessary to standardise them to facilitate comparative evaluation. Several 
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standardisationn techniques are available such as linear scaling etc (Voogd (1983); 

Massamm < 1988). The standardized unitless criteria are now ready for use in land suitability 

evaluation.. However, different criteria have different levels of importance for different land 

uses.. For example, "available rain" is much more important for rain fed agriculture than 

"closenesss to a market". It is therefore unrealistic to evaluate criteria purely on the basis of 

theirr standardised values. Incorporation of some form of criteria weighting is necessary to 

accountt for their relative importance. Several methods for criteria weighting have been 

developed.. One of the simplest approaches is trying to apportion one unit to ail the identified 

criteriaa using some arbitrary standard. 

Finallyy the standardized and weighted factors are combined together with the 

constraintss to make the land suitability assessment. Eastman (1995) describes three different 

approachess for criteria combination. The simplest of the three is the Boolean intersection or 

thee logical AND, which is limited to binary criteria maps with suitable areas code (1) and 

unsuitablee (0). The resultant image is also a Boolean image showing areas open for 

developmentt and those not. The other two, weighted linear combination (WLC) and ordered 

weightedd average (OWA), use discrete valued factors and Boolean constraints to evaluate 

suitability.. These methods produce images showing different levels of suitability and areas 

nott open for development (constrained areas). 

7.2.55 Land Use Allocation 

Decisionss about land allocation involve evaluation of a large set of feasible land use 

alternativess against several ecological criteria for the purpose of satisfying different interest 

groupss with needs, which are often conflicting (Voogd, 1983. Eastman, 1995: Malczewski. . 

1996).. Such decisions require consideration of the impacts of satisfying each objective on all 

otherr objectives in order to choose the best land allocation. GIS output is intended to support 

thee decision making process by developing and displaying the various alternative scenarios. 

Unfortunately,, due to the lack of appropriate decision making tools. GIS as they exist today 

performm very poorly in terms of providing support to the decision making process (Carver. 

1991;; Eastman. 1995). Two approaches have been used to improve the decision-making 

capabilitiess of GIS. In the first approach, relevant decision making tools are developed 

withinn the GIS (Eastman et ai, 1993). Alternatively. G1S is coupled with other software 
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packages,, statistical or specialised analytical models such as environmental or socio-

economicc models (JankowskL 1995; Cromley and Haninlc 1999; Joerin et aL 1999). 

Whicheverr approach is used, the DSS should assist in the evaluation of both the land use 

criteriaa and the land users' objectives and in the making of final land allocation decisions. 

7.33 Materia] and Methods 

Thee proposed land use conflict resolution system using the IDRISI decision support module 

cann be implemented using the steps summarised tn Figure 7.1. The details of each of these 

stepss are discussed in this section. 

Directt AJlocation 

Identificationn of Land L'sc Objectives 

Identificationn of Land Use Criteria 

Databasee Development 

Landd Suitability Analysis 

Key y 
AA = Complementary 

BB = Competing 

CC = Conflicting 

Prioritisedd Allocation 

Multi-Objectivee Land Allocation (MOLA) 

Figuree 7.1. Flow chart for the MCDM process 

7.3.11 Identification of Land Use Objectives 

Forr the present study, like in most cases with similar conditions, objective identification is 

guidedd by the twin goals of increasing food security and environmental protection. Using 

backgroundd knowledge, field observations and published materials, a broad-base resource 

exploitationn system consisting of 20 current and potential land use types (Table 7.1) is used 

ass an example. Although commercial fuel wood extraction is a significant activity in the 
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areaa (Meyerhoff. 1991), it is extremely destructive to the environment. It is therefore not 

includedd in the analysis as a land use objective on the assumption that the local energy needs 

cann be satisfied through a) collection of dead wood, b) petroleum based energy, c) electricity 

and,, d) more investment in renewable energy systems such as solar energy. 
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Ass indicated earlier, the amount of land required by each objective is required. Different 

approachess can be used for estimating these areas. Table 7.2 illustrates the guidelines used 

ass the basis for estimating land requirements for different land use types in this study. 

Tablee 7.2 Criteria for area estimates for different land cover types 

Landd Use Basis for Area Estimates 
1.. Cultivation Per capita requirements and population projections to estimate total land required 
2.. Sub-urban Population and optimum distance to service centres 
3.. Sisal Projections from the present and market/environmental concerns 
4.. Irrigation Population and economic growth trends 
5.. Grazing Demand and stocking capacity e.g. per capita protein, income and agro-ecological zone 
6.. Forests Environmental concerns and demand for forest products e.g. 5% forest cover or 1 Ofyr 
7.. Conservation Environmental concerns e.g. reduction of amount of silt into the water bodies by 100t/yr 

7.3.22 Identification of Land Use Criteri a 

Ideally,, criteria identification should be done by a multi-disciplinary group of experts 

representingg ail considered land use objectives. Such experts include, among others, 

agriculturalists,, range scientists, foresters, nutritionists, planners, etc. The purpose of the 

presentt study is to develop and test a methodology. As such it was neither necessary nor 

possiblee to assemble the ideal group of experts. Criteria identification was therefore done 

fromm literature sources such as the Farm Management Handbook (Jaetzold and Schmidt, 

1983).. which provided area specific criteria based on agro-ecological zones. Other 

criteriaa were extracted from Acland (1971). Selected criteria for the identified land uses 

aree summarised in Table 7.1. 

7.3.33 Database Development 

Databasee development entails the creation of relevant digital criteria maps. Basic maps 

forr most of the identified criteria are available in analog forms. The first step of database 

developmentt involved digitising these maps as described in Chapter 2. This is followed 

byy the creation of criteria maps for specific land use objectives. Different land uses 

requiree separate factor maps for the same criteria, for example for the criterion 'altitude' 

thee factor map for maize is different from that of sorghum due to their differences in 

altitude/temperaturee tolerances. The third step in the database development is criteria 

standardisation.. This is done using the IDR1SI Stretch command. Where higher values 



representt lower suitability, the stretched images are inverted by subtracting them from a 

singlee value image with all pixels having a value of 255. The final step in database 

developmentt is criteria weighting. In this study, the analytical hierarchy process (AHP), 

developedd by Saaty (1980) is used for criteria weighting. This method translates pair-

wisee comparison matrices for different land use objectives into vectors of relative weights 

forr the criteria. A pair-wise comparison matrix is an n by n matrix (n = number of criteria 

too be considered) whose rows and columns headings are the criteria for a specified land use. 

Thee elements of these matrices are the relative importance of every combination of criteria 

pairss in determining their suitability for the stated objective, in this case the land use type, 

assessedd on the basis of a 9-Doint continuous ratine scale shown below (Fisiurc 7.2). 

^^ Less Important More Important 

Figuree 7.2 Rating scale for the pair-wise comparison of factors (From F.astman. 1999) 

Sincee each factor is of equal importance to itself, the diagonal of a pair-wise comparison 

matrixx is filled with 1's. Pair-wise comparisons begin from second row of the first 

column.. In the example shown in Figure 7.3. if altitude is considered to be "strongly" 

moree important than slope in determining the suitability for maize production, a score 5 is 

enteredd in Row 2 Column I. On the other hand, if compared to rainfall, the distance to a 

townn is an extremely unimportant factor for maize production, a score of 1/9 is entered in 

Roww n Column 3 of the pair-wise comparison matrix. 

Slopee (CI) 
Altitudee (C2) 
Rainfalll  (C3) 
Soill  depth (C4) 
Soill  fertility (C5) 
Soill  drainage (C6) 
Soill  texture (C7) 
Distancee to a river (C8) 
Distancee to a road (C9) 
Distancee to town (CIO) 

CI I 

1 1 
5 5 
7 7 
5 5 
1/5 5 
1 1 
1 1 
1 1 

! ! 
3 3 

c: : 

i i 
3 3 
7 7 
1/9 9 
1/3 3 
1/3 3 
1/7 7 
1/7 7 
1 1 

C3 3 

1 1 
1 1 
11 3 
1/5 5 
1/7 7 
1/3 3 
1/3 3 
1/9 9 

C4 4 

1 1 
3 3 
1 1 
1/3 3 
3 3 
j j 

7 7 

C5 5 

1 1 
1 1 
1/3 3 
3 3 
3 3 
7 7 

C6 6 

1 1 

1 1 
1 1 
9 9 

C7 7 

1 1 
1/5 5 
1/5 5 
1 1 

C8 8 

1 1 
1/7 7 
1/9 9 

C99 CIO 

1 1 
11 1 

Figuree 7.3. An example of a pairwise-comparison matrix 
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Thee pair-wise comparison process is continued until all possible criteria pairs are 

evaluated.. Since the matrix is symmetrical, only the lower triangular half needs to be 

filled,, the upper triangular is simply the reciprocal of the lower. After the pair-wise 

comparisonn matrix is completed, the IDRISI Weight command is used to calculate the 

relativee weights from the principal eigenvector (Eastman et al., 1993). The probability 

thatt the matrix ratings were randomly generated is assessed through the computation of the 

consistencee ratio (CR) (Saaty, 1980). If the CR is higher than a pre-determined value, say 

0.1,, the entries of this matrix are re-evaluated (Eastman, 1993). Besides allowing consensus 

seekingg in deciding criteria weights, this method is also iterative giving those assigning 

weightss a chance to revise their previous assignments on the basis of other criteria 

(Eastmann et al.. 1993). Similar matrices are constructed for all the identified land uses. 

7.3.44 Land Suitability Analysis 

Thee aim of this step is to rank the area under consideration according to its suitability in 

thee performance of specific land uses on the basis of simultaneous evaluation of all 

criteriaa known to affect the specific land use. The output from this process should provide 

guidancee for land allocation decisions. To facilitate this, two distinct processes, i.e. multi-

criteriaa evaluation and performance analysis, are carried out as described below. 

Multi-criteriaMulti-criteria  Evaluation (MCE) 

Thee weighted linear combination (WLC) approach is used in this study to determine how 

suitablee the land is for different land use objectives. This involves the summation of the 

weightedd product of each factor map multiplied by all the constraint maps to remove the 

prohibitedd areas, which is expressed mathematically as; 

S,, =Sw,X,*ncl (7.1) 

wheree Si is the suitability for objective i and w, = weight assigned to factor f. X, = criterion score of factor 
i,, Cj = constraint j and II = product. 

Thee MCE command of the IDRISI Decision Support System module, with the weighted 

linearr combination option, is used to produce land suitability maps for each objective. 

Thesee maps show the extents to which different spatial locations satisfy the identified 

criteriaa for specific land uses. 
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PerformancePerformance Analysis 

Thee multi-objective land allocation model requires information on the amount of land to 

allocatee to every land use. The goal for this allocation is maximisation of food and 

incomee production. Before the decision on amount of land to be set aside is made, it is 

importantt to evaluate the performance of each objective relative to the other objectives, 

i.e.. which objective would give the highest returns from the land under consideration. 

Thesee returns could be in terms of food production (calorific value) or income generation 

(economicc value). A simple way for doing this is by classifying the suitability maps 

producedd by the MCE process into three classes; good, moderate and poor. From these 

three-classs maps the average productivity, P, in kilograms per hectare is calculated as; 

PP = ((AREAp x OUTPUT,) + (AREAm x OUTPUT,) + (AREA* x OUTPUTH)V(Total Area) (7.2) 

wheree p. m and g stand for poor, moderate and good, respectively, with respect to land 

classificationn and /, a and u are the lower, average and upper output values extracted from 

Tablee 7.1 above. Economic and calorific values per hectare are then obtained by 

multiplyingg P with the respective economic or calorific value per unit weight. Economic 

valuee is the market price while the calorific value is the average energy per lOOg. 

7.3.55 Land Use Allocation 

Iff  there were only one objective the allocation decision would simply involve identifying 

thee highest ranked sites and allocating them until the projected demand area is satisfied. 

Withh multiple objectives, it is likely that some objectives will pick the same land units as 

thee most suitable. In such circumstances, decisions have to be made on which objectives 

too allocate to which land units. The manner with which multiple objectives are allocated 

landd depends on whether they are complementary, competitive or conflicting. Allocation 

proceduress for the three cases are discussed below. 

ComplementaryComplementary Objectives 

Sincee complementary objectives can share the land, the best land units are allocated until 

thee needs for the objective with the highest area requirements are met. If there are no 
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otherr objectives the allocation process ends, otherwise the objective with the highest area 

requirementss is combined with the other objectives for conflict resolution. 

CompetingCompeting Objectives 

Withh clear prioritisation of objectives' importance, a sequential process of ranking, 

allocationn and elimination of allocated land is done until all objectives are allocated 

adequatee land. In a situation with only competitive objectives, the allocation process ends 

att this point. If there are other objectives, all competitive objectives are entered in the 

conflictt resolution stage. 

ConflictingConflicting Objectives 

Forr conflicting objectives some form of conflict resolution mechanism is required. The 

IDRISII  multiple-objective land allocation (MOLA) command provides such a 

mechanism.. With the MOLA process each objective suitability map is considered as an 

axiss in a multidimensional decision space. To demonstrate the heuristic land allocation 

processs used by MOLA a two objective example is used (Figure 7.4). 

Conflict-Area a 

256 6 
Non-conflictt Area 1 

Unsuitable e 

Choices s 

Z Z 

3 3 

2 2 
> > 

.. onllicV 

256 6 
00 Objective 1 

Figuree 7.4 (a) The decision space 

256 6 

00 Objective 1 

(b)) Ideal point concept 

256 6 
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Everyy cell in the image can be located within this multidimensional decision space 

accordingg to its suitability level on each of the objectives. To find the best JC cells of land 

forr Objective 1 (Figure 7.4a). the decision line is moved down from the top of the scale 

{i.e.. left from the far right) of Objective 1 suitability axis until enough of the best cells to 

meett the target area are captured. The same can be done for Objective 2 by moving the 

decisionn line downwards. This process partitions the decision space into four regions -

areass best for Objective I and not suitable for Objective 2, areas best for Objective 2 and 

nott suitable for Objective 1, areas not suitable for either and areas suitable for both - i.e. 

thee area of conflict. To resolve the areas of conflict the conflict region is iteratively 

partitionedd between the objectives by means of a minimum-distance-to ideal point logic that 

partitionss the decision space with a line whose angle is determined by the relative weight 

assignedd to the objectives (Eastman et ai, 1995). The ideal point {Figure 7.4b) represents 

thee best possible case, i.e. a cell that is maximally suited for one objective and minimally 

suitedd for any other. 

Justt as it was necessary to standardise criteria for the MCE, it is also essential that 

thee suitability maps be standardised before the multi-objective land allocation. For cases 

wheree the suitability maps show a normal distribution, conversion of the suitability ratings 

intoo standard scores will be appropriate. However, in many cases the distributions are not 

normal.. In such cases standardisation can be achieved by a non-parametric technique known 

ass histogram equalisation (Eastman et ah, 1995) or through the ranking of the suitability 

mapss according to their closeness to the ideal point using the RANK command. The ranked 

imagess are then weighted using the analytical hierarchy process (AHP) before they are 

submittedd to MOLA. which produces a land allocation map for all land use objectives. 

7.44 Results 

Thee system was run with 10 primary land uses selected from the initial list of 20 

identifiedd in Table 7.2. These were selected on the basis of data availability and their 

popularityy within the study area. Most of these primary land uses can be combined with 

onee or more other uses through inter-cropping or crop rotation, for example maize with 

beans,, or sorghum with cowpeas. etc. The results are presented in two parts. The first part 

summarisess the results of the performance evaluation together with the proposed amounts 
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off  land to allocated to different land uses by the DSS. In the second part, the optimal land 

allocationn produced by die DSS is compared with present land use patterns obtained from 

imagee classification. 

7.4.11 Performance Evaluation 

Tablee 7.3 presents the land objective performance evaluation results for the 10 land use 

objectivess to be used in the land allocation system. The terms poor, moderate and good 

referss to the amounts of land respectively classified after the MCE process. For this 

allocationn the four constraints were allocated the following areas: water bodies (6%), 

ripariann reserves (1.2%), wetlands (2.0%) and the national park (2.6%). In this table, E. V 

andd C.V stands for average economic and average calorific values respectively while E.R 

andd C.R are the potential economic and calorific returns calculated based on output in 

kilogramss per hectare per year (kg/ha/yr) if the entire area was allocated to that use. 

Tablee 7.3 Performance evaluation data 

Poorr Moderate Good Output E.V E.R C.V C.R 

Objective e 
Maize e 
Sorghum m 
Cassava a 
Groundnuts s 
Sub-urban1 1 

Sisal l 
Irrigation" " 
Grazing g 
Forest t 
Conservation n 
Taxess generate 
Pricess from cun 

('000 0 
Ha) ) 

0 0 
4 4 
0 0 
6 6 

10 0 
0 0 
0 0 
0 0 
0 0 
5 5 

('000 0 
Ha) ) 

238 8 
143 3 
147 7 
170 0 
269 9 
192 2 
221 1 
102 2 
284 4 
284 4 

ii  "Onions production 

('000 0 
Ha) ) 

46 6 
136 6 
137 7 
114 4 

4 4 
92 2 
63 3 

181 1 
6 6 
1 1 

(Kg// Ksh/ 
Ha/yr)) Kg 

35000 10 
50000 10 

350000 5 
6000 100 

6000 40 
5000 100 
8000 100 

1000 200 

'OOOSh h 
s/Ha a 

35 5 
50 0 
17 7 
60 0 

24 4 
50 0 
80 0 

20 0 

J/100g g 

350 0 
120 0 
80 0 

600 0 

23 3 
300 0 

590 0 

(KJ/Ha) ) 

13000 0 
7000 0 

28000 0 
3600 0 

120 0 
2500 0 

600 0 
'Beeff  (Mil k and other products not included) 4Honey product 

tt market prices in Kenya "Calorific values obtained from the Internet 

Area a 

3.0 0 
4.0 0 
2.0 0 
2.0 0 
1.5 5 

30.0 0 
5.0 0 
0.7 7 
5.0 0 

35.0 0 
on n 

"0000 = area in thousands of hectares 

Forr the three food crops, the results show that on the basis of economic returns sorghum 

performss better than maize and cassava but maize has a higher calorific output per 

hectaree than sorghum. Cassava has the highest calorific returns per hectare. The income 

generatingg land uses i.e. cash crops (groundnuts, sisal and irrigation) and grazing, have 

relativelyy higher economic returns, with grazing recording the highest. Forest and 

conservation,, which fulfi l both economic and ecological functions, could not be 
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evaluatedd in terms of economic and calorific outputs. The economic returns for the urban 

landd use could not be estimated due to the lack of relevant data. 

7.4.22 Optimum Land Use Allocation 

Figuree 7.5a shows the optimised land use allocation obtained from MOLA on the basis of 

thee criteria defined above and the optimal areas allocated on the basis of economic and 

calorificc outputs. This allocation is compared with the current land use allocations 

obtainedd from classified 1995 Landsat-TM image. Figure 7.5b. 

Optimall  lands for rain fed agriculture (maize, sorghum and cassava cultivation) 

seemm to agree with present land use patterns. Groundnuts cultivation was the most poorly 

allocatedd in this category. Sisal plantations and irrigation were also allocated to some 

areass currently occupied by similar land uses. However, half of the present irrigation area 

wass allocated to sub-urban development. More than half of the area allocated to sisal near 

L.. Baringo is not currently used for sisal production. Forest and sub-urban developments 

weree the most poorly allocated in terms of present land uses. None of the land currently 

occupiedd by forests in the highlands was allocated to this use. Instead, most of this land 

wass allocated to sub-urban development. Grazing and conservation (natural/semi-natural) 

weree allocated more or less correctly with reference to present land cover patterns. 
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7,55 Discussion 

Thiss chapter sought to determine most optimum land use, i.e. the most productive and 

sustainable,, in the study area and how such an allocation could be made using a GIS-based 

decisionn support system. This optimum allocation was compared to the current land use 

patternss derived from classification of Landsat-TM imagery acquired in 1995. Generally, the 

resultss suggest that the present land use practices are quite rational and consistent with the 

landd qualities. Specific agreements and disagreements between optimal and current land use 

practicess are discussed below 

7.5.11 Specific Land Use Performance Evaluation 

Fromm Table 7.3 it can be seen that sorghum has a higher economic return than maize. This is 

becausee of the higher percentage of land identified as "good" for sorghum production 

comparedd to land ranked similarly for maize. On this basis, sorghum production is given 

higherr priority (more land as compared to maize). The current situation on the ground does 

nott reflect this. i.e. most farms were planted with maize. Optimally, more land should be 

plantedd with sorghum or cassava, which have almost three times more suitable land 

comparedd to maize {Table 7.3). This shift from the ideal situation can probably be 

explainedd by the apparent higher economic and calorific returns of maize compared to both 

sorghumm and cassava. 

7.5.22 Optimum Land Allocation 

Poorr allocation of land to the various uses can be a result of either poor definition of 

criteriaa or low rating (weighting) of a specific land use against other uses. The poor 

allocationn of groundnuts, which were most allocated to flat, deep soils within the alluvial 

plains,, is likely to have been caused by heavy weighting of soil characteristics (depth, 

texturee and fertility). The most highly rated criteria for sub-urban developments were 

populationn and slope. This explains why this tand use was mostly allocated to the 

highlandss to the northwest of Figure 7.5a and the Eldama Ravine areas where the 

populationn densities are high and at the Njemps flats, which very flat. The criteria for 

forestss were not very clearly defined. This explains its poor allocation. Secondly, most 



forestss are located in the high potential areas where competition with other uses is very 

high.. To allocate forests to these areas would require it to be given unrealistically high 

weightss relative to other uses. 

7.66 Conclusions 

Thee decision support system presented can be used to formalise the decision making process 

forr rural land use planning. The complex problem of allocating limited land to satisfy 

unlimitedd needs can be solved by such a system, which allows the incorporation of several 

criteriaa and offers a means for combining them into decision alternatives. The system 

providess a framework for participation of all stakeholders - farmers, technical personnel, 

environmentalistss and policy makers - hence an ideal entry P°'nt for t ne introduction of 

scientificc findings into rural land use planning while at the same time making use of the 

existingg indigenous knowledge. 

Thee results indicate that although the factors and their weights strongly influence the 

landd allocation, objective prioritisation seems to have the most significant impact. A higher 

priorityy objective will be allocated land before a lower one, even if the land is more suited to 

thee latter objective. For good results it is therefore necessary to carefully identify land use 

criteria,, produce accurate criteria maps and use a flexible but objective criteria weighting 

andd objective prioritisation systems. 

Finally,, it is anticipated that better results will be obtained if the process is carried 

outt iteratively, giving the participants a chance to view the preliminary allocations and 

discusss them before final land allocation is made. To improve on criteria accuracy and hence 

impactt on the decision-making process, smaller units with more detailed data on land 

characteristicss (soil properties, slope, temperature, etc.) and more precisely defined land use 

objectivess may considerably improve the results. 

Fromm the comparison between current land uses and the optimal land allocation 

usingg the DSS, it appears the decisions on land are quite rational within the biophysical 

andd socio-economic constraints. However, the selection of specific crops as seen on the 

groundd is far from optimal. The amounts of land classified as good for most land use 

typess is fairly limited {Table 7.3). which means putting more land under such uses 

exposess it to degradation. 
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