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ABSTRACT: Wind farm siting can be considered as Multi Criteria Decision Making (MCDM) problem that 

consists of set of alternative locations and set of selection criteria. This study applied multi-criteria decision 

making approach using Analytical Hierarchy Process with Ordered Weigh Averaging AHP-OWA aggregation 

function to derive wind farm land suitability index and classification under Geographical Information 

System(GIS)environment.Linguisticquantifier’sversionofAHP-OWAaggregationfunctionwasusedto classify 

lands based on their suitability for wind farm installation. Different selection criteria were considered including 

economical (distance to road, terrain slope), social (urban area), environmental (historical locations, wildlife and 

natural reserves) and technical (wind power density, energy demand matching, percentage of sustainable wind, 

turbulence intensity, sand dunes). A case study of the proposedapproachisimplementedandpresentedforOman. 
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which represent a fuzzy set of interval [0, 

1] and the parameter  a represent the degree of the 

optimism of the design maker as shown in Table 

1[16,23]. 
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Fig. 1. Normalized  criteria scores as  GIS  layers 

 



International Journal of Engineering Research and Application.     www.ijera.com ISSN : 2248-9622, 

Vol. 6, Issue 11, ( Part -6) November 2016, pp.56-65 

 
www.ijera.com                                                                                                                     60 | P a g e  

 

 

 

 

 
 

 

 

2.2. AHP-OWAaggregation 

 
The Soci-Econ-Env objective is measured 

by two criteria. It is judged that protecting urban 

area which includes (residential, historical, natural, 

wildlife) locations is five times more important 

than being close to the roads. 

 

 
Fig. 2.  GIS-based AHP-OWA operator structure. 
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Table 3shows the pairwise comparison 

matrix for the Soci- Econ-Env attributes and the 

calculatedweights. 

On the other hand, technical objective is 

evaluated by six criteria. Table 4shows the pairwise 

comparison matrix for the technical attributes and 

the calculatedweights. 

This paper applies the combination of 

AHP and OWA to aggre- gate the scores of 

different criteria to classify the land suitability for 

wind farms in Oman. This AHP-OWA combination 

is implemented as an extension module (FLOWA) 
[5] in ArcGIS 9.3. 

OneadvantageofusingtheAHPOWAcombi

nationistheuseof linguistic quantifiers in generating 

the required weights. Linguistic quantifiers provide 

flexibility to decision maker based on the degree of 

the optimism that decision maker would like to use. 

AHP-OWA combination is able to aggregate the 

criteria’s values considering “All”, “Most”, 

“Many”, “Half”, “Some”, “Few” criteria or “At 

least one”criterion according to their relative 

weights. 

This paper uses the linguistic quantifier 

“All” at all levels to analyze the land suitability for 

wind farms installation in Oman. After identifying 

the regions of high potential, an investigation of the 

effect of the degree of optimism on the final land 

suitability is carried out on a selected region using 

other combinations of linguistic quantifiers. 

 

RESULTS AND DISCUSSIONS 
The seven criteria used in this study are 

input to the MCDMextension (FLOWA) in the GIS 

environment which calculates thesuitability index 

based on the relative weights  of each criterion.Fig. 

3.shows the calculation results of the land 

suitability index at50 m above the ground. The 

results are then reclassified with equalintervals into 

four classes namely “unsuitable”, “marginally suit-

able”, “moderate suitable” and “mostly suitable” as 

shown in Fig. 4.Fig. 4shows the land suitability 
classification for differentheights above the ground 

namely 50 m, 80 m, 100 m and 150 m. Itshows that 

most of the land of Oman is unsuitable for wind 

farms applications. It can be seen that that only 

Dhofar and Wusta regionshas high land suitability 

index classified as “mostly suitable” below100 m. 

This is clearly due to the pattern of wind power 

distribution 

 

 
Fig. 3. Land suitability index at 50 m above the 

ground. 
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Fig. 4. Land suitability classification at 50 m, 80 m, 

100 m and 150 m above the ground. 
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optimism(pessimism).Theybehavelikethe“

AND”operator.“Half” linguistic quantifier 

describes the neutral attitude. On the other hand, 

“Few” and “Some” describe higher degree of 
optimism.Theyareclosertothe“OR”operator.Finally,

“Atleastone”representsthe “OR” operator which 

means that if any criterion (regardless of its weight) 

is satisfied then that site is considered to satisfy the 

final goal. This is not acceptable for the wind farm 

land suitability application. Therefore, these latest 

optimism quantifiers should not beused. 

Dhofarregionisselectedforcarryingoutthein

vestigationofthe degree of optimism effect because 

it has more sites with “mostly suitable” 

classification. Fig. 6 shows land suitability 
classification at 50m above the ground using 

different degrees of optimism for the Dhofarregion. 

It can be seen that the area of higher 

suitability classes is expanding showing higher 

degree of optimism. Land suitability classification 

using All quantifier looks very much similar to the 

land classification using Most quantifier. Lands 

with moderate land classification expands 25% of 

region using Many quantifier. As we go more 

toward “OR” operator, the land classification 

becomes more similar. This can be seen using Half, 

Some, Few and at least one criterion. 

 

CONCLUSIONS 
In this paper, the multi-criteria decision 

making approach based on the AHP-OWA 

aggregation function was used to derive wind farm 
land suitability index and classification. The AHP-

OWA aggregation function was used to aggregate 

the scores  for  different criteria in the GIS 

environment. Different factors were considered as 

selection criteria including economical (distance to 

road, terrain slope), social (urban area), 

environmental (historical locations, wildlife and 

natural reserves) and technical (wind power 

density, energy demand matching, percentage of 

sustainable wind, turbulence intensity, sand dunes). 

Linguistic quantifiers for different degrees of 

optimism were also evaluated A case study of the 
approach and the selection criteria was conducted 

to study the wind farm suitability overOman. 

 

 
 

Results of the case study show that lands 

with mostly suitable classification are located in 

Dhofar and Wusta regions. This land class 

represents about 0.2% of the total area of Oman. It 

was also shown that the higher suitability class 

areas expand with height. 

Evaluating the degrees of optimism, it was 

clearly shown thatthe land suitability is 

proportional to the degree of optimism. The lower 
the degree of optimism, the smaller the area with 

“mostly suitable” class. It was also noticed that 

lower degrees of optimism (half,some, few, 

atleastone)shouldnotbeusedforwindfarmland 

suitability analysis because they behave like the 

“OR” operator and they can bemisleading. 
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