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Abstract  Multiple uses of the marine and coastal 

environment inevitably lead to spatial conflicts. This 

paper examines a methodology designed to inform 

management decisions on conflict management by 

identifying conflict hotspots and determining optimal 

feasible use patterns. The methodology involves three 

stages: multicriteria decision analysis (MCDA), 

geographical information systems (GIS) and integer 

goal programming (IGP). We use the case study of 

Mombasa Marine National Park and Reserve to 

illustrate how the methodology can be implemented. 

We make suggestions of further work that is needed in 

order to validate and improve the methodology 

developed here. 

 

 

Introduction 

 Marine and coastal environments host a multitude 

of human activities. Near-shore activities include 

sailing, swimming, jet skiing and some fishing (e.g. 

beach seining). On the shore activities include 

commercial ventures on the beaches (e.g. curio 

selling, tour boat operators) and recreational pastimes 

(e.g. cycling, walking). Out on the reefs activities 

include gleaning, leisure walking on the exposed reefs 

at low tide, snorkelling and diving. In each of these 

areas there are critical habitats which are under threat 

from these human activities such as coral reefs, 

seagrass beds, and turtle nesting grounds. Conflicts 

can exist between human activities and habitat 

protection and also between competing activities such 

as fishing and water sports. This paper looks at the 

case of the multiple use of a marine protected area 

(MPA) in Mombasa, Kenya to investigate how 

conflicts can be managed and minimised. 

 The approach used in this study combines three 

methodologies – multicriteria decision analysis 

(MCDA), geographical information systems (GIS) and 

integer goal programming (IGP). MCDA was applied 

to incorporate the preferences of interest groups into a 

formal decision analysis procedure. Spatial 

information about the physical environment, the 

ecosystem and social structures was integrated into the 

multicriteria framework. This spatial information was 

overlaid in a GIS to identify overlapping interests and 

areas of intense conflicts. IGP involving optimization 

of a choice function was employed to find the best 

solution for optimal resource use that would minimize 

conflicting objectives. 

 Mombasa Marine National Park and Reserve 

(MMNP&R) are characterised by multiple-use in 

which conservation is balanced with various socio-

economic activities. Prior to the establishment of the 

MPA, consultations with key stakeholders were not 

adequate and today different interests still conflict and 

activities remain uncoordinated.  The nature of these 

conflicts between different resource users is mostly 

associated with location and physical space. Conflicts 

related to control and access in the MPA occur 

between: 1) same resource users; 2) different resource-

users; and 3) between different management agencies. 

Conflicts between fishers occur when different fisher 

groups apply different fishing gear and when they 

compete for sole fishing rights in the MPA. Fishers 

also compete for space with other users like divers and 

jet-ski users. Protection of critical habitats is 

threatened by increased tourism activities and 

unsustainable fishing practices. Recreation activities 

that include diving, snorkelling and reef walking at 

low tide are responsible for degradation of seagrass 

beds near the shore and the disturbance of intertidal 

and reef organisms. A wide range of institutions and 

agencies are involved in the management of marine 

and coastal resources in Kenya. These include the 

MPA authority, Fisheries Department, tourism 

department, the Maritime Authority and the local 

authority. The majority of these have divergent goals, 

objectives and interests and implementation of their 

policies results in resource use conflicts. 

 MCDA is a methodology that has been used in the 

context of environmental planning and project 

appraisal to address conflicting objectives between 

stakeholders over the use of scarce natural resources 

(Malczewski 1999; Edwards-Jones et al. 2000; Belton 

and Stewart 2002). Information about the physical 

environment, the ecosystem and social structures can 

be integrated in a multicriteria framework. With the 

help of this information, critical incompatibilities and 
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overlapping interests can be discovered. When MCDA 

is combined with GIS it provides the decision makers 

with a more rational, objective and unbiased approach 

to spatial decision making (Heywood et al. 2002). A 

combination of MCDA and GIS in marine spatial 

planning has been used in a number of studies (e.g. 

Villa et al. 2001; Brown et al. 2001; Brody et al. 

2004, 2006). Combined multicriteria - optimization 

approaches are increasingly being used in 

environmental planning to facilitate spatial planning, 

particularly as a means of reducing conflict. 

Malczewski (1997) developed a combined 

Multicriteria Analysis and integer goal programming 

approach for land use analysis to allocate land to 

specific uses in a 19,000 km2 region of Baja 

California, Mexico. In his approach he applies the 

Analytical Hierarchy Process, a MCDA method, to 

structure the land suitability problem. Romero and 

Rehman (1987) give a detailed review of applications 

of mathematical programming techniques to planning 

and management in water, fisheries, forestry and land 

resources. To our knowledge no research to date has 

applied a combination of MCDA, GIS and IGP in 

Marine Spatial Planning as we do in this study. 

The study area 

 Mombasa Marine National Park and Reserve 

(MMNP&R) is a marine protected area (MPA) that 

lies between Mtwapa Creek and Tudor Creek in the 

North of Mombasa District of Coast Province, Kenya.  

 The MPA lies between 3o 57 S’ and 4o 9’S, and 

39o 41’E and 39o 52’E. The MMNP&R is zoned as 

two areas: Park and Reserve (Fig. 1). The park 

measures 10 km2 and is a “no-take” zone. The area is 

open to public recreation but extractive uses are 

prohibited.  The reserve measures 200 km2 and is the 

area where public access and controlled extractive use 

of resources is allowed. The lagoonal part of the 

reserve is where most of the activities are concentrated 

and is the focus of this study. The study area covers 

38.09 km2 (3809 ha). The MMNP&R is an important 

location to study environmental conflicts in the coastal 

zone for the following reasons: 1) The MPA has a 

critical habitats – seagrass beds, coral reef, sandy 

beaches and intertidal flats – that are under numerous 

threats and require preservation; 2) these habitats are 

an important source of coastal livelihood fishing and 

tourism activities, 3) a wide range of interests and 

associated stakeholders use the MPA for a variety of 

purposes including fishing, tourism and beach 

developments, 4) different agencies are responsible for 

managing stakeholder activities in the MPA, and 5) 

the MPA is adjacent to a populated city making a 

place prone to environmental conflicts. 

 

 
Fig. 1. Map of the study area, the lagoonal area of Mombasa Marine National Park and Reserve, Kenya. 

 



 65

Setting the Goal 

Identifying 
objectives to meet 

Deriving alternatives 
from attributes and 

adding attribute weights 

Identifying 
attributes under 
each objective 
and creating 

Calculating 
objective 
weights  

Calculating 
attribute 
weights  

Map output 
with overall 
alternative 

ratings  

Sensitivity 
analysis 

Alternative 
rankings 

 

Map output 
showing 

conflict levels 

Optimization  

Optimal MPA use 
patterns that minimize 

conflict levels 

Phase 3: IGP 

Phase 2:  GIS 

Phase 1: AHP 

Sum 
alternative

 

Methodology 

 A schematic diagram showing the logical steps 

followed in this study is shown in Fig. 2. The conflict 

analysis applied consists of three basic phases. Firstly 

the conflicting stakeholder values causing conflict are 

determined. These values are structured hierarchically 

into objectives and attributes using the Analytical 

Hierarchy Process (AHP). Secondly Geographical 

Information Systems (GIS) is applied in evaluating the 

conflict areas. Thirdly Integer Goal Programming 

(IGP) is applied in finding optimal spatial allocation to 

minimize conflict.  

Fig. 2. A schematic diagram of the methodological 

steps followed in the analysis. AHP = Analytical 

Hierarchy Process, GIS = Geographic Information 

System, IGP = Integer Goal Programming. 

 

Phase 1: The Analytical Hierarchy Process (AHP)  

 AHP is used to structure the problem and to 

incorporate the conflicting stakeholder values into a 

formal procedure (Saaty 1980, 1981; Hunjak 1997; 

Malczewski 1999). The basic steps of constructing 

and examining an AHP model are used: (1) 

decomposing the problem into a hierarchical structure, 

(2) performing judgments to establish priorities for the 

elements of the hierarchy, (3) synthesising the model, 

and (4) performing a sensitivity analysis. 

 

 The problem is constructed in a hierarchical 

structure consisting of goal, objectives, attributes and 

alternatives (Fig. 3). A goal is what the decision 

maker wants to achieve (Malczewski et al. 1997). To 

achieve this, a set of evaluation criteria (Eastman et al. 

1995) which include objectives and attributes are 

needed. The objective and attribute are the measurable 

basis on which decisions about the extent and location 

of conflicts are made and here they are the stakeholder 

values. The attributes are related to geographical 

entities and are therefore represented as maps which 

are referred to as attribute maps. The value of an 

attribute is measured by an alternative. These 

alternatives are represented as cells or pixels in raster 

GIS. 

 After constructing the AHP hierarchy, weights of 

relative importance are assigned to individual 

objectives and attributes in each level of the hierarchy. 

The weight indicates the degree of importance 

attached to the objectives and attributes relative to 

others under consideration. The pairwise comparison 

technique is applied in assigning the weights (Saaty 

1980; Saaty and Alexander 1981). The method 

involves pairwise comparison to create a ratio matrix. 

The method uses a scale with values ranging from 1 to 

9 (1 equal, 3 weak, 5 strong, 7 very strong, 9 

absolute). The AHP has the subjective judgement of 

the decision maker as the input and the quantified 

weight of each objective and attribute as the output. 

The output is a ranking of weights indicating the 

overall importance for each of the objectives and 

attributes in achieving the goal. First, judgements are 

made to establish the relative importance of each 

objective to another within a specified scenario. The 

objectives were compared under four MPA 

management goals (scenarios): 

1) Present scenario where the overall MPA goal is to 

promote a balanced MPA use to meet biological, 

social and economic objectives. 

2) Potential scenario where there is increased use of 

the MPA for exploitation (i.e. extractive uses 

mainly fishing). 

3) Potential scenario where there is increased use of 

the MPA for recreation and public access. 

4) Potential scenario where there is increased use of 

MPA for habitat and species protection. 

 The comparisons between objectives were made 

by asking the question: of two objectives which one 

causes more conflict more within a specified scenario? 

The objective weights were assigned by the MPA 

management team members of which have a good 

knowledge of the objectives and their roles in 

contributing to conflicts. The next step was to assign 
weights to the attributes under each objective. This 

was done by three experts having respective interest in 

and knowledge of environmental conservation, 

tourism and fisheries. These experts were from 

government agencies mandated to manage Wildlife, 

Tourism and Fisheries respectively. Employees of the 

Kenya Wildlife Service, which is responsible for the 
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management of the MPA, weighted the attributes 

under the critical habitat protection objective; the 

tourism expert weighted the attributes under the sea 

access, recreation and commercial activities on the 

beach objectives and the fisheries expert weighted the 

attributes under the fisheries objectives (Fig. 3). 

Comparisons of attributes were made by asking the 

question: of two attributes which is more important 

with respect to contributing to MPA user conflict 

within a particular objective. Weights were generated 

following the method described by Saaty (1980). The 

vector of weights arranged the relevance of each 

attribute. The vector of weights for each attribute was 

multiplied by the weight of the corresponding 

objective to determine the overall contribution of each 

attribute to the goal for each management scenario.  

 

Phase 2: GIS 

 The GIS phase involved representing each 

attribute as a map layer in the GIS database. Different 

habitat maps were developed using Landsat Enhanced 

Thematic Mapper (ETM+) sensor images while 

stakeholder activity maps were developed from 

primary data collected of the GPS locations of these 

activities. The attribute weights derived in Phase 1 

were then multiplied by respective attribute map 

layers in the GIS database to determine the coefficient 

of conflict of each attribute. The coefficient serves as 

a rating of the effectiveness of each attribute in 

achieving the goal (A high coefficient value indicates 

a higher effectiveness and vice versa). The resulting 

map layers were combined linearly to obtain the 

overall conflict ratings. The attribute maps layers were 

processed using the Environmental Systems Research 

Institute’s (ESRI) ArcMap 9.1. To ensure that all 

maps in the GIS database were overlayed accurately 

they were projected to the same coordinate system. 

The output maps contain quantitative real values that 

are standardized and ranked to obtain qualitative maps 

that are easier to interpret visually. Five levels of 

criticality are defined as lowest, low, moderate, high 

and highest. A sensitivity analysis was then performed 

on the calculated weights to evaluate the stability of 

results with respect to the variation in objective 

weights (Triantaphyllou 1997; Malczewski 1999; 

Belton et al. 2002). In this study a ± 0.005 

perturbation was imposed on the objective weights.  

The degree of variation was determined based on the 

range of the objective weights. The lowest objective 

weight was 0.043 and so a range of variations of 0.001 

to 0.01 were considered appropriate.  To avoid 

excessive iteration 0.005 was taken as the mid value. 

This method was selected based on a judgement that is 

widely used for SMCDA.  

 

Phase 3: Integer Goal Programming (to find optimal 

use patterns) 

 An optimal MPA use pattern is considered here to 

be one that minimizes the levels of conflict between 

different stakeholder values (attributes). An optimal 

spatial use pattern for a geographical location within 

the MPA with a particular conflict value is achieved 

by satisfying two goals: 1) selecting an activity or a 

combination of activities that will minimize the value 

to a level desired by the decision maker; 2) allocating 

optimally the total area under a particular level of 

conflict to selected stakeholder values or activities.  

 Integer Goal Programming (IGP) (Romero and 

Rehman 1987; Malczewski 1999; Edwards-Jones et 

al. 2000; Winston 2004; Anderson et al. 2005) is 

applied to find optimal MPA use patterns. The IGP 

model is formulated to satisfy the two goals for 

optimal allocation. The IGP model is formulated as 

binary linear programme functions that are solved 

simultaneously to determine the point that best 

satisfies the two goals as desired by the decision 

maker. The first function is solved. Then in the set of 

optimal solutions, with respect to the first, the second 

function is solved. The IGP model was designed to 

ensure that all habitats are selected and any conflicting 

stakeholder values that conflict intensely are not 

selected. The IGP model helps to select stakeholder 

values on the basis of their contribution to the overall 

conflict score subject to a set of constraints and 

assumptions imposed by the decision maker and the 

spatial requirements. Two assumptions were 

considered: 1) the stakeholder values are selected for a 

particular location in the MPA according to their 

conflict scores in such a way that the higher the score 

the less likely that the activity will be selected and; 2) 

conflicting uses, for example beach seining and 

sailing, cannot be allocated to the same geographical 

location. The IGP model was implemented using 

Lindo 6.1 (Roe, 1997; Winston, 2004). Optimal 

spatial solution was only considered for the present 

MPA management scenario. 

 

Illustration of results 

Analytical Hierarchy Process (AHP) 

The results of the AHP for the MMNP&R are 

illustrated in Fig. 3 and the concepts are described in 

Table 1. In the AHP, the problem is separated into 
simpler decision problems to form a decision 

hierarchy. When developing a hierarchy, the top level 

is the ultimate goal of the decision. The hierarchy 

decreases from the general to more specific until a 

level of attributes is reached. Each level must be 

linked to the level above. In this problem the goal is to 

identify and minimize user conflicts in the MMNP&R. 

To achieve this goal a set of objectives and attributes 

is needed. The objectives are the criteria (factors) on 

which decisions about the extent and location of 

conflicts will be made. Attributes are the information 

sources for formulating and achieving the objectives. 

Attributes in this study correspond to the different 

stakeholder values (MPA habitats and stakeholders 

activities) and are represented as attribute maps in GIS 

showing their locations in the MMNP&R 
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Table 1. AHP concepts used for conflict analysis in the MMNP&R. 

 

Objectives 
Attributes  

(activities / habitats) Description (mapped attributes) 

Critical habitats (CH) Seagrass beds  Locations of sea grass (dense/ 

medium/sparse/patches). Sea grass beds are 

areas of submerged vegetation associated 

with coral reefs 

 Coral reef  Location of corals and the reef. They occur 

as coral flats, lagoons, reef platforms and as 

fringing reefs 

 Intertidal mud/ sand 

flats  

Locations of habitats that are periodically 

inundated and exposed to the tidal ebb. The 

habitats are foraging grounds for many 

shore and migratory birds 

 Sandy beach  Areas characterized by bare sand. They are 

often slightly vegetated by highly 

specialised colonising plants 

 Turtles nesting 

grounds  

Important nesting areas for endangered 

marine turtles (especially the Chelonia 

mydas) 

Sailing  Locations used for water sports like sailing, 

windsurfing  

Jet skiing  Jet ski designated areas 

Sea access and 

anchorage (SA) 

Anchoring, mooring 

of vessels  

Areas used for vessel anchoring  

 

Scuba Diving  Location of diving areas including the coral 

gardens and wreck dives 

Snorkelling  Locations of coral gardens used by tourist 

for snorkelling 

Offshore and shoreline 

recreation (REC) 

 

Inshore recreation Locations of intertidal areas used by public 

for swimming and leisure walking 

Curio dealers  Location of curio traders on the beach  

Safari sellers  Location of safari sellers on the beach  

Commercial activities 

on the beach (BA) 

Boat operators  Location of boat operators on the beach  

 Other activities Location of various activities on the beach 

e.g. hawking  

Artisanal fishing (FSH) Basket / trap fishing  Areas where fishermen place their fishing 

traps (malema) 

 Gill netting and  line 

fishing  

Location where fishermen commonly use 

gill nets (nyuzi) and lines 

 Gleaning  Locations mainly on the reef where 

fishermen collect octopus and other 

invertebrates 

 Beach seining   Locations of beach seining and spear 

fishing methods 

 Landing and mooring 

sites 

Areas used by fishermen for boat anchorage 

and landing catches 
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Fig. 3. Analytical Hierarchy Process (AHP) – the structure of conflict analysis for MNP&R showing goal, 

objectives and attributes. 

 

Spatial coverage of conflict 

 The results of conflict analysis (Fig. 4) show 

spatial coverage for different levels of conflict under 

the four management scenarios. Conflict scores ranged 

from 0 to 1. Scores of 0.2, 0.4, 0.6, 0.8, and 1 

represented lowest, low, moderate, high and highest 

levels of conflict respectively.   

 The total coverage of the area under study is 3809 

ha. In all the management scenarios over 80% of study 

area is under the lowest level of conflict. These 

locations are associated with single, complementary or 

non-conflicting objectives. 

 Under the present management scenario (Fig. 4a), 

low levels of conflict occur in both the park and 

reserve. Low levels of conflict occur in areas of coral 

reef and seagrass which are also snorkelling, sailing, 

diving and trap fishing areas. High levels of conflict 

are caused by beach seining (a destructive fishing 

method) in seagrass beds and the intertidal mud flat 

areas. The park is characterized by lowest and low 

conflict levels because it is a no fishing area.  

 The other three scenarios were used to assess what 

would happen to the status quo if the MPA 

management priorities changed. The results reveal that 

changing MPA management strategies will lead to 

changes in the spatial extent and location of different 

levels of conflict (Fig. 4b, 4c and 4d). A summary of 

the areas covered by highest to lowest areas of conflict 

under the four scenarios is presented in Table 2. 

 Increased use of the MPA for exploitation would 

potentially increase the spatial extent of present low 

and moderate levels of conflict (Fig. 4b). Total area 

under low levels of conflict would increase from 208 

ha to 483 ha. The increase is in areas associated with 

diving and snorkelling which are highly incompatible 

with fishing. Moderate conflict levels would occur on 

the reef and beach increasing in spatial extent from 7 

ha to 150 ha. Overall increased use of the MPA for 

exploitation would potentially intensify present levels 

of conflict more than in other management scenarios. 

The area characterised as having lowest levels of 

conflict would decrease from 3504 ha to 3158 ha. 

 In comparison to present status, intensifying 

recreational activities in the MPA would increase the 

spatial coverage of low, moderate and high levels of 

conflict (Fig. 4c). Low levels of conflict would 

increase from 208 ha to 266 ha. Locations of low 

conflict in the MPA would coincide with areas used 

for trap fishing and gill netting in the seagrass beds. 

These activities also compete with sailing and jet-

skiing. The total area under moderate conflict would 

increase by from 7 ha to 57 ha.  

 High conflict levels would occur in the same 

locations as at present, however 38 ha would now be 

under highest conflict levels. Highest levels of conflict 

would primarily be due to the existence of beach 

seining which is incompatible with both sailing and 

inshore recreation.  
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 Increased protection of habitats would potentially 

reduce total areas of low and high levels of conflict 

from 208 ha, and 86 ha to 163 ha and 0 ha 

respectively (Fig. 4d). However, the spatial extent and 

intensity of highest level of conflict would be 90 ha, 

far greater than those under the present (4 ha), 

exploitation (0 ha) and recreation (38 ha) scenarios. 

These conflicts would occur in areas associated with 

beach seining, seagrass and corals. The highest level 

of conflict would occur in particular locations where 

activities pose a threat to the habitats. Under both the 

recreational and habitat protection scenarios the 

present locations of the lowest and low conflicts 

would remain unchanged.  

 

Table 2. Total area (in hectares) under varying conflict 

levels for the four management scenarios. 

Conflict levels 
Scenarios 

lowest low moderate high highest 

Present 3504 208 7 86 4 

Exploitation 3158 483 150 18 0 

Recreation 3353 266 57 95 38 

Protection 3514 163 42 0 90 

 

 

Fig. 4. Maps showing the locations of conflict levels under the present management scenario (a) and three 

potential management scenarios: exploitation (b); recreation (c) and; protection (d). 
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Optimization to find optimal use patterns for present 

management status 

 Figure 4 shows that even under the present 

management scenario conflicts still exist in the MPA. 

To find the optimal use pattern the Integer goal 

programming (IGP) method was applied to select 

activities that will minimize the conflict levels in the 

present management scenario to the lowest level.  

 Areas of low, moderate and high conflicts levels 

were evaluated. All activities and habitats that 

contribute to the conflict are identified within these 

geographical locations (Fig. 5). An optimal use pattern 

is one that will minimize the conflict score to the 

lowest level of 0.2 and below.  To achieve this, the 

IGP model is formulated to select activities such that 

the higher the contribution to the overall conflict 

scores, the less likely that the activity will be selected 

with exception of all habitats which cannot be 

replaced. Incompatible uses, for example beach 

seining and sailing, cannot also be allocated to the 

same geographical location. Optimization equations 

were formulated for each of the conflict locations to 

achieve the lowest conflict level. The areas under low 

level conflict were grouped into two geographically 

distinct blocks labelled ‘Low 1’ and ‘Low 2’ therefore 

four locations were analysed (Fig. 5). 

 

Fig. 5. Map showing locations of low, moderate and 

high levels of conflict under the present management 

scenario and associated attributes (activities and 

habitats). 

 

 Figure 6 shows the results of the optimization with 

selected activities within particular habitats. In the 

area labelled Low 1, out of three competing activities, 

the model selected trap fishing. In Low 2, gill netting 

was selected. In locations of moderate conflict, diving 

and sailing were eliminated. In the high level area 

beach seining was eliminated. This would be the 

optimal use pattern for MMNP&R if spatial conflicts 

were to be reduced from current levels to the lowest 

levels. This however depends on the decision maker’s 

objectives and what is realistically achievable. 

 

 
Fig. 6. Results of optimization showing a selection of 

activities that will minimize the conflicts to the lowest 

levels. 

 

Discussion 

 The current conflicts in MMNP&R can be 

described as minimal and are localized in the lagoonal 

areas near shore. The analysis of environmental 

conflicts in the MMNP&R for four management 

scenarios reveals important trends. Conflict in the 

MMNP&R will arise whenever the activities of one 

stakeholder reduce the capability of the marine area 

for other stakeholders’ activities.  

 This study will help the MMNP&R management 

address three important management issues: 1) 

identifying and mapping competing user values that 

are likely to cause spatial conflicts; 2) assessing user 

conflicts under changing MPA management scenarios; 

and 3) developing an optimal MPA spatial use pattern 

or a zoning plan. 
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 The results of this study have shown that the under 

the present MPA regime spatial conflicts are not at a 

critical level. Over 90% of the study area is under the 

lowest level of conflict. Either these areas support 

ecologically sustainable use and public recreation that 

are consistent with MPA objectives or users are not 

actively using these areas. The area designated as park 

is under the lowest conflict because extractive 

activities like fishing are prohibited. Intense conflicts 

under the present, recreational and protection 

management scenarios are associated with the 

fisheries objective. Beach seining causes the highest 

level of conflict among the activities 

under the fisheries objective. Changing use patterns 

may result in intense conflicts spreading to other areas 

presently not under low levels of conflict. Any 

management interventions that change the MPA use 

patterns must be thought out carefully before 

implementation because the present conflict situation 

may be worsened. Present conflicts also need to be 

resolved otherwise it may generate additional conflict 

in the future therefore limiting the efficiency or 

effectiveness of conservation measures.  

 To achieve optimal use devoid of conflict some 

stakeholder activities have to stop in certain locations. 

For conflicts to be minimized completely under the 

present management status, beach seining has to be 

eradicated or only allowed to continue in areas where 

no other uses occur. Areas used for snorkelling, diving 

and sailing should also be re-designated in the reserve.  

 Spatial conflicts in the MMNP&R have existed 

since the establishment of the MPA. However there is 

no formal conflict-resolution mechanism that operates 

impartially and represents all stakeholders’ interests 

equally. Rather conflicts emerge and are generally 

addressed on an ad hoc basis or ignored until they 

reach a crisis point. The methodological approach 

applied in this study intends to address this gap by 

developing an MPA planning model that incorporates 

users’ conflicts and critical ecosystems into a multi-

objective decision making framework. It provides a 

flexible way of dealing with the problem of conflicts 

in MPAs. The approach allows for the integration of 

stakeholders in different ways: in data collection and 

in assigning weight of importance to activities. The 

stakeholder activities used in this study are by no 

means exhaustive. Other interest groups, like 

researchers who have been monitoring sites in the 

MPA and the Port Authority who have interest in 

shipping routes, were not considered. Stakeholder 

participation in this study was particularly helpful in 

defining the objectives and attributes and eliciting the 

preferences of MPA stakeholders. Incorporating more 

stakeholders in this analysis is likely to improve 

greatly the chances of success in achieving MPA 

goals. Using this method in a collaborative context, 

where different stakeholders can understand how their 

own interests relate to specific locations and where 

they might conflict with others, may be its most 

effective application. 

 The main limitation of this approach is in the 

subjectivity introduced in the MCDA, particularly in 

the choice of criteria and relative weights and the 

verbal rankings given to conflict scores. Verbal 

ranking may not accurately represent the conflict 

situation on the ground. This process, however, helps 

the decision maker in qualitatively describing the 

different locations of possible conflict and the levels 

of conflict. Despite the inherent limitations of the 

model it is useful as a tool for tackling stakeholder 

conflict and it also facilitates informed decisions when 

planning for multiple MPA objectives. This method 

answers key elements that are required in conflict 

management: 1) information development and 

analysis; 2) conflict assessment (what are sources of 

conflict); and 3) strategy and procedural decision 

(deciding upon the process for addressing conflict). It 

answers the questions: who, what, where, when and 

how? It, therefore, provides an important step toward 

resolving stakeholder conflicts in the MPA and 

integrating conflicting objectives in a decision 

framework. The accuracy and usefulness of this study 

would be enhanced by involving all stakeholders in 

the initial mapping of attributes and the validation of 

the graphic results. 

 

Conclusion 

 This paper focuses on developing a MCDA 

methodology for environmental conflict management 

in the MMNP&R in Kenya. The effectiveness of the 

MPA in achieving it objectives can be hampered by 

existing stakeholder conflicts. The multitude of 

sometimes conflicting resource uses and activities 

require a more elaborate and systematic planning. This 

study is an important contribution as it provides a 

methodological approach that can be applied in 

resolving marine and coastal use conflicts whilst 

simultaneously maximizing ecosystem gains. 

 Spatial conflict analysis can be used proactively to 

understand the degree of controversy associated with 

the MPA and use it to develop planning accordingly. 

It is important that potential conflicts are assessed to 

anticipate and reduce unnecessary conflicts before 

they occur. Locating exactly where conflict hotspots 

are likely to emerge in response to changes in 

management policy can alert policy makers and enable 
them to avoid those areas or to design a process that 

includes conflict management.  

 Marine and coastal spatial planning is crucial for 

the optimal and sustainable use of marine and coastal 

resources from economic, social and ecological 

perspectives. The methodology employed in this study 

may be useful in establishing rules of allocation of 

resources between conflicting uses and therefore help 

in conflict avoidance. Mapping environmental 

conflicts can be used as a tool that can guide planners 

to make informed policy decisions with economic, 

social and ecological objectives in mind.  
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