
 JBU II (2012) 1  ·  
 

___________________________________________________________________________ 
 

© 2012 Journal of Biourbanism 

63

Application of Compensatory Methods in 
Industrial Development Site Selection 

 
 

Besat Emami; Farzad Taghizadeh; Elnaz Neinavaz 
 

Department of Environment and Energy, Science and Research Branch,  
Islamic Azad University, Tehran Iran 

Corresponding author: Farzad Taghizadeh  
far.taghizadeh@gmail.com 

 
 
 
 
 
 
 
 
ABSTRACT 
 
Like any other engineering projects, industrial unit site selection requires basic data and 
careful planning whereas; lack of comprehensive attention to this case causes deterioration of 
life quality, environmental degradation, destruction of natural resources, reduction of habitat 
areas and so on. Therefore, it is necessary to determine the suitability of land for 
implementation of industrial units to establish balance in ecosystems; natural and human 
environment, preservation and development of natural resources as well as coordination of 
development processes with environmental features. Considering a large volume of data and 
information layers required, without application of Geographic Information System, 
determination of areas owing suitability for industrial development is very time consuming 
and difficult. Selection of multiple factors is led to multiple information layers, thereby, 
efforts to find suitable solutions to analyze such a large number of layers as well as obtaining 
the correct result, lead decision makers towards application of a system enjoyed speed and 
ease of operation, besides the high accuracy. Study ahead aims at site selection of industrial 
development for establishment of coke making plant, using one of the relatively new 
compensatory decision-making methods; spatial analytical hierarchy process (S-AHP). The 
obtained results suggested that the application of compensatory methods along with 
eliminating criteria can be considered an appropriate powerful tool in decision making offered 
more accurate results in scientific and practical terms. 
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INTRODUCTION  
 
Each kind of development with every degree of quantity or quality is followed by specific 
environmental impacts. Human manipulation in the natural environment does not necessarily 
mean changes in the natural and primary environment. Continuity of human operation in 
changing the natural conditions can eventually disturb the current balance of the environment 
and follow a chain of unintended or unforeseen consequences. Industrial development and 
utilization of the facilities and capabilities in each region needs planning. Whatever the 
planning is based on objective realities and potential natural capabilities, achieving 
predetermined goals will be more possible. Implementation of land exploitation projects 
including construction of factories or industrial development involves examination of land 
natural capabilities for considered development purpose. Accordingly, site selection is among 
desired methods to achieve sustainable development goals (Kurtener et al, 2004). Site 
selection is performed to identify environmental features of the area wherein the proposed 
plan or project is established (FAO, 1993, Kheirkhah et al, 2010). Determination of the 
establishment place of industrial unit can apply as a planning tool in order to propel 
performance goals of a project in line with environmental laws and regulations (Shahbazi et 
al, 2009, Dai et al, 2001). Since, the ecological land capability evaluation is associated with 
complex and broad qualitative and quantitative variables thus, conducting such studies can be 
so complex. Solving the noted problem would not be possible without application of a 
powerful system as a reliable tool enabling to use and analyze multiple layers simultaneously. 
Considering the vast capabilities of GIS in decision-making process and ability to integrate 
and overlay information layers, the best appropriate and reasonable option to find out a 
suitable site for industrial development is application of GIS and its related technologies 
enjoyed high accuracy in addition to speed and ease of operation. Due to the high capability 
of GIS in management and analysis of layers, it can be used for optimal management of 
industrial development. Since 1990 onwards, integrated multiple criteria decision-making 
strategy (MCE) along with Geographic Information System (GIS), have been significantly 
intentioned by planners to solve spatial issues. Compensatory method is a multiple criteria 
analysis approach which provides a useful tool for decision making. The principle of the 
method is that the deficiency of a criterion is compensated by advantages of other criteria. 
Including compensatory methods applied in the current study is Analytical Hierarchy Process 
(AHP). AHP Method along with GIS provides a spatial, simple and flexible tool in solving 
complex issues within decision making process. The method has desirable application in 
examining the issues associated with land capability evaluation (Zaredar & Kheirkhah 
Zarkesh, 2011, Zaredar et al, 2010, Jozi et al, 2010, Rezakhani & Zaredar, 2011). 
Simultaneous investigation of qualitative and quantitative criteria, possibility of 
simplification, conversion of complex issues in the form of hierarchy, pairwise comparison 
and weighting of criteria, powerful analysis of issues, the simplicity of the computation and 
possibility of final prioritization of options are considered among special features of the 
method (Keeney, 1992, Ying et al, 2007, Hsu & F.C. Pan, 2009, Dagdeviren et al, 2009). 
Application of geographic information system techniques, multi criteria evaluation, spatial 
approach and analytical hierarchy process have been known as useful tools in determining 
land capability through recent researches. Şenera et al. (2010) combined AHP with GIS in 
determining the suitable landfill areas in Konya, Turkey. Results presented a standard tool for 
selecting suitable landfill sites. Chen et al. (2010) examined spatial sensitivity of multi-criteria 
weights in GIS-based land suitability evaluation. The research is a novel approach for 
examining weight sensitivity, recognizing the dependency of the model output on the weights 
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of input parameters, and identifying criteria that are sensitive against weight changes. 
Radiarta et al. (2008) presented a new model for determining suitable aquaculture sites using 
geographic information system along with spatial multi criteria evaluation. Liu et al. (2007) 
applied a GIS-based system along with analytical hierarchy process to weight criteria. They 
presented a land use management model to establish a lake on the sideline of the central part 
of China. In 2008, Wong and Li examined effectiveness of analytic hierarchy process in 
selection of intelligent building systems.  
 
The current study focuses on combination of geographic information system and a 
compensatory method; AHP in selection of suitable sites for industrial development. Thereby, 
site selection of a coke making plant located on Ravar County in Kerman Province was 
selected as a case study. 
 
 
MATERIAL AND METHODS  
 
The study area  
 
The study area is situated in Ravar; a county in Kerman Province. The rectangular shaped 
study area is located within longitudes 56°11´45"to 57°00´00" E and latitudes 31°11´ to 
31°00´00"N. In terms of topography, the height of the study area varies from 680m to 3450m 
and the western part of the area has a higher elevation than the eastern part. Much of the study 
area has a slope between 0 to 6 degrees. Knoll hills and deserts include the overall landscape 
of the study area. In terms of land cover, Ravar is considered among the poorest regions. The 
area tolerates desert, arid and ultra arid climate conditions through almost all of the eastern 
parts. The average annual rainfall of the watershed is 30 mm meanwhile, the annual dominant 
wind direction is north and monthly temperature in July and January are equal to 28.1 and 
4.4°C respectively. The study area is situated in Kavir-e Lut Watershed and Ravar Plain. It is 
surrounded from the north by Kavir -e Markazi through low-elevation mountain ranges. 
Figure 1 demonstrates the situation of Kerman Province, Ravar County and the study area.  
 
Preparation of required data 
 
To select a suitable place for establishment of coke making plant, the required base map 
layers were collected. Afterwards, they were imported to the environment of GIS Software to 
prepare a geo-referenced database. The required information as well as their supply sources is 
briefly explained as follows: 
 
1-the slope map of the study area: initially, 1:25000-scale topographic maps were reviewed 
and corrected and finally the slope map of the study area was obtained from it. 
 
2- Land use map: the land use map was extracted from SPOT and ETM satellite images 
through processing with a great precision.  
 
3- Fault map: The map was taken from the existing geological maps as well as visual 
interpretation of satellite images and aerial photos. 
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4- Communication road map: The thematic layer needed, was made using aerial photos, 
satellite images and available topographic maps. 
 
5- The map of distance from urban centers, airports and other important areas of urban fringe: 
Information extracted from remote sensing technologies and local plans were found useful to 
create the map. 
 
6- Mine map: the map of mines existed within the study area was prepared from Industries 
and Mines Organization of Kerman Province.  
 
7- Geologic map: the geologic map was provided from Geological Survey of Iran on the scale 
of 1:100000.  
 
It should be noted that some required maps, such as protected areas, pedology, urban areas 
etc. were provided from Amayeshgarane Pouyaye Mohit Consulting Engineers. Some 
softwares used through the mentioned above operations include Arc GIS 9.0, Arc View 3.6, 
ErDas, Excell and ILWIS 3.3. 
 
 
Criteria selection  
 
In the present study, in order to site selection of Ravar coke making plant in Kavir-e lut 
Watershed, multi criteria evaluation method was used. For this purpose, initially, appropriate 
criteria for industrial land use site selection were determined using literature reviews and 
gathering expertise’s opinion in the form of questionnaire. It is worth noting that some criteria 
are in the form of omissive factors. Eliminating criteria are considered as a constraint for 
construction of various development projects in case of environmental, geographic, economic, 
social and technical aspects (Zaredar et al, 2010, Jafari & Zaredar, 2011).  
 
 
 
Table 1: elimination criteria for Ravar coke making plant 
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As the name suggests, eliminating criteria limit available options. On the other word can be 
said that, eliminating criteria refer to the areas that are deleted from the study area due to 
being inappropriate for industrial development, having risks for the environment and human 
health as well as lack of economic affordability (Rezakhani & Zaredar, 2011). For example, 
wherein there are residential areas or irrigated agricultural land use, the industrial 
development will cause not only changing the land use of a part of the agricultural lands but 
also deteriorate the lands located in its vicinity over the long term. That is why; reductions in 
the rate of the agricultural product wouldn’t be something far from reality. Therefore, in order 
to use the noted above information layers, the constraint zones must be eliminated from the 
study area map. It should be mentioned that some eliminating criteria were removed from the 
main criteria maps as buffer zones. Eliminating criteria applied in this research are given in 
Table 1. Subsequently, constraint maps (eliminating criteria) of industrial development are 
demonstrated in Figure 1.  
 
 
 

Figure 1. Eliminating criteria applied 
in industrial development site 
selection (a-road, b-surface water, c-
underground water, d-mines, e-
transmission lines, f-ancient 
monuments, g-land use, h-population 
centers, k-protected areas, l-fault) 
 
(Copyright © 2012, Journal of 
Biourbanism) 

 
 
Parameters examined in site selection of coke making plant include two main groups; 
environmental factors and socioeconomic and cultural parameters (human). The main 
parameters were divided into sub-criteria which eventually included 18 effective parameters. 
Model designed for industrial development site selection of coke making plant is designed in 
form of Figure 3. The first stage indicates the main goal. The second and third stages show 
the main and sub criteria respectively. The importance of factors used in this study for coke 
plant making site selection is mentioned in the following briefly: 
 
- Distance to road network: the importance of the criterion in site selection is considered from 
economic point of view. Whatever the length of the established route is shorter the costs 
associated with implementation will be decreased. It is worth noting that based on Roadway 
Buffer Policies offered by Department of Housing and Urban Development in 1976, a 70 m 
buffer zone was considered for the access roads through the study area (Kheirkhah Zarkesh et 
al, 2010). - Distance from population centers: The factor is important in terms of emissions 
and the impact on human health. Based on modelling the emissions as well as the release rate 
of nasty and unpleasant smell of ammonia and H2S from both inside and outside the site, it is 
concluded that there is a possibility of release and transfer of pollutants to a four-kilometre 
radius around the site. Therefore, a 4km buffer was considered as the city privacy. Whatever 
distance from population centers increases the site will enjoy more suitability for industrial 
development.  
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- Land cover density: whatever the density of the land cover is lower the considered site will 
find more desirability for establishment of coke-making plant.  
 
-Geology: the geologic map was considered in terms of bedrock and fault. It is worth noting 
that faults are regarded as a factor increasing seismic potentiality. 
 
- Distance from the cultural and archaeological monuments: Preservation of cultural, 
archaeological and historical monuments is one of the important cases which must be 
observed in industrial development. Whatever there is more distance from the cultural, 
archaeological and historical monuments the considered site will obtain more desirability. So 
far, no particular privacy policy has been considered for this criterion. 
 
-Distance from mines: Proximity of the selected site to the coal mines is important in order to 
supply coal needed for coke making plant. The criterion is important not only in terms of 
reducing the negative environmental impact and economic costs but also, from technical 
viewpoint.  
 
Slope, elevation, aspect, soil type, soil depth, distance from surface water, distance from 
underground water, distance from communication lines, land type and land use include other 
criteria regarded in the industrial development model to establish coke making plant.  
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 2. Site selection model of coke making plant industrial development. 
(Copyright © 2012, Journal of Biourbanism) 
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Standardization of criteria maps 
 
The values in the various input maps enjoy various meanings and are expressed in different 
measurement units (e.g. slope, aspect, geologic maps etc.). Therefore, to compare criteria with 
each other, all values are to be standardized, i.e. converted to the same unit of measurement 
(from 0 to 1 or 0 to 255). Such a process is called making dimensionless (ILWIS User's 
Guide, 2004).  
 
In this study, in order to standardization of distance and buffer maps such as distance from 
protected areas, distance from surface water, distance from population centers, the cost and 
benefit analysis was used while one of the compensatory methods; AHP was applied for 
making dimensionless of the rest criteria (Kheirkhah Zarkesh et al, 2010).  
 
Weighing of criteria  
 
As it has already been mentioned, there are different criteria in connection with industrial 
development site selection that each of them has different weight and value than any other. 
Method used in this study to aggregate the numerical values of criteria is the compensatory 
method (Zaredar & Kheirkhah Zarkesh, 2011). The principle of this method is so that the low 
value of a criterion is compensated by high value of the other criteria. It means that if an 
option is ultimately chosen, may contain the lower value in terms of some criteria. 
Nonetheless, such a low value is compensated through the high values of the other criteria. In 
this method, numerical values of criteria are added together to convert the value of each 
location in the form of a final number called suitability index (SI). The suitability index 
(equation 5) was calculated for ranking the spatial objects.  
 

1 1 1
. 1* . * . . 2* * ................ * *

jm L

i y z
SI RI A RI Bi RI KBi RI A RICy RIKCy RIAN RIDz RIKDz

= = =

= + +∑ ∑ ∑ (1)

 
Where, SI is the suitability index of each cells; N is the number of main criteria; RIA1, RIA2 
…RIAN are the relative importance of the main criteria A1, A2 …AN, respectively; M, L and 
J are the number of sub criteria directly connected to the main criteria A1, A2 …AN, 
respectively; RIB, RIC and RID are the relative importance of sub criteria B, C and D directly 
connected to the main criteria A1, A2 …AN, respectively; RIKB, RIKC and RIKD are the 
relative importance of indicators category k of sub criteria B, C and D and main criteria A1, 
A2 …AN, respectively. This equation is prepared to four levels hierarchy and hence need to 
be modified for a decision hierarchy with more or fewer levels (Kheirkhah Zarkesh, 2005).  
 
 

Intermediate 
values 

Extremely 
preferred 

Very 
Strongly 
preferred 

Strongly 
preferred 

Moderately 
preferred 

 

Equally 
important 

2, 4, 6, 8 9 7 5 3 1 

 
Table 2: Preferences scale for pairwise comparison (Saaty, 1980) 
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Analytical hierarchy process method including among compensation methods is applied in the 
research ahead. The method introduced by Saaty in 1980 in on the basis of pair-wise 
comparisons. Table 2 gives preferences matrix for performing pair-wise comparison to 
determine suitable areas for industrial development. 
 
Spatial analytical hierarchy process (S-AHP) 
 
Combination approach of spatial data with AHP called Spatial Analytical Hierarchy Process 
(S-AHP) is applied in this study (Kheirkhah 2005; Siddipui et al., 1996). After applying the 
criteria weights, consistency ration (CR) was calculated (Saaty 1990, 1994). Conducted 
comparisons were shown CR<0.1 which means that the determined weights are acceptable 
(Saaty 1988, 1995). The weights of the sub-criteria obtained from AHP Method are illustrated 
in figure 3. 
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Figure 3. Weights obtained from AHP method for the sub-criteria 

(Copyright © 2012, Journal of Biourbanism) 
 
 
 
RESULT AND DISCUSSION  
 
After weighing criteria, the final land suitability map owing numerical values between 0 and 1 
was prepared. Figure 4 demonstrates the land suitability map for industrial development 
(implementation of coke making plant). It is worth noting that places demonstrated with green 
colour within the final map have the highest suitability degree (equal to 1) for the considered 
land use. Meanwhile, areas removed from the map are related to the eliminating criteria. 

 



 JBU II (2012) 1  ·  
 

___________________________________________________________________________ 
 

© 2012 Journal of Biourbanism 

71

 
Figure 4. The obtained results related to the industrial development (with exerting eliminating 

criteria) (Copyright © 2012, Journal of Biourbanism). 
 

 
 
Table 3 shows the obtained areas for different suitability degrees; weak, suitable and very 
suitable. Figure 5 derived from Table 3, demonstrates final classification map for various 
suitability degrees of industrial development. 
 

 
  

colour 
 

Suitability degrees for 
making coke plant 

classification of 
the pixels area 

class 

pink  Weak  0-0.5 973830000 1 
Light green Suitable 0.50-0.75 220210000 2 

Dark Very Suitable 0.75-1 -- 3 

 
 

Table 3: The obtained areas of land suitability degrees based on classification of pixels 
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Figure 5. Final classified map of industrial 
development suitability degrees for coke 
making plant establishment.  
 
(Copyright © 2012, Journal of Biourbanism) 

 
 
  
Applying the elimination criteria in the form of constraint maps is somehow considered a 
stringent approach in principal site selection process and in will determine the best possible 
locations. Finally, places owing the lowest suitability in terms of industrial development will 
be deleted and cannot be entered to the software analysis. It is important due to application of 
compensatory method (AHP) for weighing criteria whereas, places with the lowest weight 
value are rated higher through areas with higher weight values. In this study to compare the 
difference intensity of site selection without exerting the constraint, the analysis was 
performed once again regardless of existing limitations which remarkably different results 
were obtained. It should be mentioned that the green areas demonstrated in Fig. 5 indicate 
areas prone to industrial development. 
 
 
CONCLUSION 
  
As it has already been mentioned the current study aims at application of one of the 
compensatory methods called Analytical Hierarchy Process in site selection studies. In this 
method, inefficiency of a factor is offset by strength of others i.e. the aspect deficiency will be 
compensated by the slope. As stated by a research carried out by Zaredar and Kheirkhah 
Zarkesh in 2011, in urban development site selection, if somewhere has unsuitable aspect but 
suitable slope, the aspect deficiency will be compensated by the slope. But, sometimes, 
deficiency of proximity to fault can be compensated by other parameters strength. Study 
ahead focuses on deficiency elimination of the method by means of a combined approach of 
Boolean logic (in form of eliminating criteria) and AHP Method. On the other words, by 
application of the eliminating criteria thought the site selection process, the buffer zones in 
which no construction is allowed are practically removed from the analysis thereby won’t be 
offset by strength of any other factors. Generally, the results of the study can be highlighted in 
the followings: 
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1- In constraint based approach site selection due to the certain limitations applied, the 
number of selected sites is less than methods based on non-removal restrictions. 
2- In terms of the confidence of the results, according to the restrictions removed, the results 
are more compatible with reality. 
 
3- The findings of the study reveal the ability of GIS in Modelling and appropriate industrial 
development site selection as well as combination of various environmental socioeconomic 
criteria in different models.  
 
4- In the study area, the numerical value is in the range of 0.27 to 0.61 and there is no very 
suitable class thought the area. This case shows the existing constraints for industrial 
development such that it can be pointed to the following: 
 
-protected areas constrains: A wide range of the eastern part of Ravar County is protected as 
"Captive" Wildlife Refuge which is considered as a constraint for industrial development.  
 
-topographic constraint: Very steep slopes make the development operations without 
economic justification. 
 
It should be noted that these constraints are not just limited to Ravar County and according to 
the ecological circumstances, each region has its own constraints for considered land uses and 
goals. 
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