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Abstract:. Site selection is one of the basic vital decisions in the start-up process, expansion or relocation of businesses of all kinds. Starting  from the meeting criteria defined in the business strategy , location selection process begins as recognition of existing or projected need to meet new or growing market. Recognition of the need to initiate a series of activities directed for looking geographical area and specific location. Conquer new territories for business starts collecting geopolitical data, where location is a part of it. The selection of an industrial site involves a complex array of critical factors involving economic, social, technical, environmental,political issues, etc. It is obvious that many factors must be involved in the decision-making process, which makes the problem challenging choice in the selection of appropriate tools to enable concentration data, information and knowledge. New trends in information technologies put Geo-information technology in the center of events in industrial locations science. Like any technology that is trendy Geographic Information Systems have exaggerated the benefits and latent defects, but in choosing the industrial location allowing multi-criteria decision making based on space and time, in this time of technology are indispensable. Geographic Information Systems are used in conjunction with other systems and methods such as expert systems (ES), systems for decision making (DSS) and the method for multi-criteria decision making (MCDM). This paper presents the state of the art in Spatial multi-criteria decision analysis for industrial site selection.
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1. Introduction
Industrial site selection is one of the key vital decisions in the process of starting, expanding or changing the location of industrial systems of all kinds. 

Structural complexity of the industrial system and the relationship with the environment, changes in market demand, conditions providing inputs, the characteristics of the production programs, economic conditions, working conditions, environmental and other impacts, determine the location of new, while changes in production programs, the characteristics of the work process, the frequency of technological changes and the effect of disorder requires  adjustment of the existing site industrial systems (D.Zelenović 2003).

Construction of a new industrial system is a major long-term investment, and in this sense determining the location is critical point on the road to success or failure industrial system. One of the main goals of industrial site selection is finding the most appropriate site with desired conditions defined by the selection criteria.

In the process of industrial site selection, seeks to optimize the number of goals in determining the suitability of a specific location for a defined industrial system. Such optimization often involves a many factors, and sometimes contradictory. Some of the important factors increase the complexity of choosing the right locations including the existence of many possible locations.

The selection of an industrial site involves a complex array of critical factors involving economic, social, technical, environmental issues, etc. Because of the compound  nature of the process, it requires simultaneous use of several decision support tools such as expert systems (ES), geographic information systems GIS), and multi-criteria decision making (MCDM) methods (Eldin & Sui, 2003).
2. Site Selection Proces
In the past, site selection was based almost purely on economical and technical criteria. Today, a higher degree of sophistication is expected. Selection criteria must also satisfy a number of social and environmental requirements, which are enforced by legislations and government regulations (Williams and Massa 1983, Keeney 1980, Moriarty 1980 etc). 

Nowadays, in the post-industrial society and knowledge-based society, people become the most important resource. (Florida, Nordstrom i Ridderstrale 2002). Proximity to universities and scientific institutions, number of innovation per citizen can be one of the key factors for decision makers. All so risk management is an indispensable analysis in site selection process. Managing the risks involved in selecting a new industrial location is one of the most critical factors in determining the ultimate success or failure of a business. To keep risks at a minimum, investors should first be familiar with the stages of the site selection process and what are the key risks that need to be considered and managed during each of these stages.
One of the most important and far reaching decisions faced by operations managers is deciding where to locate new industrial facilities. This is a strategic decision involving irreversible allocation of the firm’s capital, and often has a crucial impact on key measures of the firm’s supply chain performance such as lead time, inventory, responsiveness to demand variability, flexibility, and quality (Bhatnagar & Sohal, 2005).

Collection of information allows the generation of a potencial industrial sites that can be grouped, while the use of certerm criteria, through several iterations, gradually narrowing to a choice (Figure 1). In such way, the total number of available sites, the customer is aware of a certain number of them. Of these, only a certain number of location meets the selection criteria of the decison meker, so that makes group of sites for consideration. By collecting information on these sites, it remains just making a group of sites that are included in the shortlist. Out of this group, based on the criteria used by the decison meker  (investor) chooses one location (Kotler, P. et al., 1993, p. 49).
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Figure 1: Potential industrial sites (Adapted from R. Branko, Š. Miloš, 2010)
Site selection problems are characterized by their multi-objectives and numerous stakeholders, some of the issues that add to the complexity of the site selection process include existence of (Williams and Massa 1983, Keeney 1980):

· Large number of possible sites - in the region of interest, there are usually many potentisal sites that could be chosen for the facility of potential sites that could be chosen for the facility
· Multiple - contradicting objectives - for instance a firm setting up a manufacturing plant in a third world country to take advantage of lower labour costs, must assess if the poor infrastructure or the nonavailability of skilled personnel may erode its capability to compete on time.
· Intangible objectives that are difficult to quantify - ther are many factor that are wery dificult to quntify like is quality of educcation system in the country.

· Diversity of interest groups - Frequently, owners/investors decisions are impacted by several public groups in addition to their own organization
· Impact Assessment - Placing a value on the impact of each objective could be problematic. It is not enough to state that there would/wouldn’t be some impact. A value  (number) is needed to support the comparison process. 
· Impact timing - The impact of interest in most sitting studies may not all occur at the same time and may/may not continue over the lifetime of the project. 
· Impact uncertainties - It is practically impossible to accurately forecast all possible impacts of all factors affecting the site selection for a facility. 
· Delays - Licensing and construction are examples of common unpredictable delays that may significantly impact the economic viability of the project. 
· Operation reliability - Uncontrollable and unpredictable natural phenomena such as storms, floods, quacks and similar phenomena can impact site suitability and add to the process uncertainty. 
· Value tradeoffs - Decisions regarding value tradeoffs especially among multiple contradicting objectives are challenges for the decision maker. 
· Equity - Determining equity and fairness among all interest groups could be a difficult task that involves complex value judgments. 
· Stakeholders’ risk attitudes - Determination and compilation of the stakeholders’ risk attitudes (utility functions) is important to the proper site selection. 
· Uncertainties in government decisions - The actions of the state governments can have a great influence on the relative desirability over time of various  sites for a proposed facility
The process of site selection includes (D. Zelenović 2003):

· Establishing a set of influential factors relevant to site selection,
· Predicting and evaluating the intensity and direction of their effects in time and
given conditons.
· Evaluation of possible variants of solutions and selection of optimal variant.

Application of the procedure has equal importance in selection of macro and micro location
mean (Figure 2) The term macro and micro location is explaned in te Figure 2.
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Figure 2: Review of Macro and Micro location in site selection proces
· Macro Location - the area that meets the basic requirements for the construction and development of the industrial system with the minimum cost of execution of the work process, and

· Micro Location -a place in the macro location that meets the requirements of the work process and

enables the removal of restrictions on real immediate surroundings.

The basic steps in the process of site selection at international and national field are given by Figure 3:
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Figure 3: Basic steps in site selection proces
3. Industrial Location Factors
The proces selection of industrial site means complex multi-criteria analysis wich includes a complex array of factors involving economic, social, technical, environmenta and political issues.  It is obvious that many factors must be involved in the decision-making process, which makes the problem challenging choice in the selection of appropriate tools to enable concentration data, information and knowledge. One of the first step in the the industrial site analysis shood be overview and clasification of factors influencing the decision of location. Short review of factors with references is in table below.
Table 1: Review of industrial location factors (Masood A. Badri, 2002)
	Factors 
	Explanation of Critical Factor 
	Literature References 

	Transportation 
	Pipeline facilities. Airway facilities. Highway facilities. Railroad facilities. Trucking services. Waterway transportation. Shipping cost of raw material. Cost of finished goods transportation. Availability of postal services. Warehousing and storage facilities. Availability of wholesale outlets.
	Hoover, Losch, Greenhut, Alexander et al., McMillan, Beckmann, Chisholm, Fales and Moses, Nelson, Lowe and Moryadas, Bater and Walker, Moriarty, Hoyle et al., Schmenner, McKinnon, Haitani and Marquis, Gold, Pietlock, Thisse et al.

	
	
	

	Labor 
	Low cost labor. Attitude of workers. Managerial labor. Skilled labor. Wage rates. Unskilled labor. Unions. Educational level of labor. Dependability of labor. Availability of male labor. Availability of female labor. Cost of living. Worker stability. 
	Greenhut, McMillan, Townroe, Olson, Carnoy, Rees, Norcliffe, Sant, Keeble, Friedman, Pred, Dicken and Lloyd, Gudgin, Moriarty, Cobb, Massey and Meegan, Schmenner, Dorfman and Route, Malecki, Massey, Noyelle and Stanback, Grundwald and Flamm, Saxenian, Dicken, Lund, Ballance, Hanson, Schoenberger, Haitani and Marquis, Coughlin et al., Gold, Pietlock, Wheeler and Mody.

	Raw Materials 
	Proximity to supplies. Availability of raw materials. Nearness to component parts. Availability of storage facilities for raw materials and components. Location of suppliers. Freight cost. 

	Weber, Greenhut, McMillan, Auty, Miller, Moriarty, Schmenner & Storper, Wheeler and Mody. 

	
	
	

	Markets 
	Existing consumer market. Existing producer market. Potential consumer market. Anticipation of growth of markets. Shipping costs to market areas. Marketing services. Favorable competitive position. Income trends. Population trends. Consumer characteristics. Location of competitors. Future expansion opportunities. Size of market. Nearness to related industries. 
	Fetter, Hotteling, Hoover, Losch, Greenhut, McMillan, Chisholm, Carnoy, Beyers, Foust, Miller, Pred, Dorward, Moriarty, Schmenner, Dorfman and Route, Gough, Walters and Wheeler, Saxenian, Lund, Tosh et al., McKinnon, Haitani and Marquis, Pietlock, Simons, Wheeler and Mody. 

	
	
	

	Industrial Site 
	Accessibility of land. Cost of industrial land. Developed industrial park. Space for future expansion. Insurance rates. Availability of lending institutions. Closeness to other industries. community industrial development projects. Attitude of financing agents. 
	Hoover, Greenhut, Eversley, McMillan, Smith, Chisholm, Spooner, Bater and Walker, Gudgin, Lipietz, Moriarty, Sable, Schmenner, Kostler, Lloyd and Mason, Norcliffe, Brusco, Grundwald and Flamm, Hall, Mason and Harrison, Mason, Hudson, Coughlin et al., McConnell and Schwab, Wheeler and Mody.


	
	
	

	Utilities 
	Attitude of utility agents. Water supply, cost and quality. Disposable facilities of industrial waste. Availability of fuels. Cost of fuels. Availability of electric power. Cost of electric power. Availability of gas. Adequacy of sewage facilities. Availability of coal and nuclear facilities. 

	Greenhut, McMillan, Bater and Walker, Heckman, Moriarty, Forbes, Schmenner, & Walters and Wheeler, McConnell and Schwab, Gold, Pietlock, Rex. 

	
	
	

	Government Attitude 

	Building ordinances. Zoning codes. Compensation laws. Insurance laws. Safety inspections. Nuisance and stream pollution laws. 


	Greenhut, McMillan, Schmenner, Rees, Hudson, Tosh et al., Coughlin et al., Young.

	
	
	

	Tax Structure 
	Tax assessment basis. Industrial property tax rates. State corporate tax structure. Tax free operations. State sales tax. 
	Greenhut, McMillan, Moriarty, Schmenner, Tosh et al., Haitani and Marquis, Coughlin et al., Wheeler and Mody, Fleischman, Young, Luce.


	
	
	

	Climate 
	Amount snow fall. Percent rain fall. Living conditions. Relative humidity. Monthly average temperature. Air pollution. 


	Greenhut, McMillan, Dean, Spooner, Moriarty, Schmenner, Haitani and Marquis, McConnell and Schwab. 


Some of these factors can be mesure with quantitative methods and some of them with qulitative. Quantitative methods place greatest reliance on representing values numerically. Numerical data, of many types, are useful in thinking about longer-term investments(costs of labor, cost of electrical power, cost of industrial land, proximity to the highway… ). Qualitative methods can be very useful in the research of  those factors wich are dificult to quantify like is climate, education system, avilability of labor, ect.
4. SPATIAL analysis
It is obvious that many factors must be involved in the decision-making process, which makes the problem challenging choice in the selection of appropriate tools to enable concentration data, information and knowledge. New trends in information technologies put Geo-information technology (GIT) in the center of events in industrial locations science. The siting and placement of a major facility means to satisfy a number of competing objectives. To accomplish task such as industrial location, we need to prepar number of maps, each with a diferent theme. 
Spatial data analysis is concerned with that branch of data analysis where the geographical referencing of objects contains important information. A definition of spatial analysis (of which spatial data analysis is one element) is that it represents a collection of  techniques and models that explicitly use the spatial referencing of each data case. Spatial analysis needs to make assumptions about or draw on data describing spatial relationships or spatial interactions between cases. The results of any analysis will not be the same under re-arrangements of the spatial distribute on of values or reconfiguration of the spatial structure (Haining 1992).
Geographic information system (GIS) is a group of procedures that provide data input, storage and retrieval, mapping and spatial analysis for both spatial and attribute data to support the decision-making activities of the organization (Grimshaw and Bringing, 1996). Since, geographical information systems provide the capability to enter, edit, retrieve, analyze, map, and visualize spatial data, it is not surprising to see that spatial data is marketed primarily in a GIS format. Looking towards thefuture, one can project an ever-increasing role for GIS to help support location studies(Church, 2002).

There are a number of different methods used to analyze geographic data in Geographic information systems (GIS). There are methods of analysis of geographic data and methods of analysis of attribute data. When we are speaking about geographic data there are analysis performed over the vector data and raster data (Figure 4).
[image: image4.emf]
Figure 4: Raster snd vector data model
The most commonly used spatial analysis in GIS are(Figure 5):

· Analysis of attributive (tabular) data,

· Overlapping layers (ie query of spatial data)
· Analysis of the distance,

· Network analysis and
· Nonparametric techniques.
Analysis of attribute data of one thematic layer can be performed: as SQL query against a table with attribute data; using different arithmetic operations(addition, subtraction, multiplication, division), logarithmic functions, trigonometric functions, and so on; application of some nonparametric techniques like
Multicriteria methods and methods based on artificial intelligence, and one of them ism ethod that uses artificial neural network.
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Figure 5: Spatial analysis in GIS

(http://www.innovativegis.com/basis/mapanalysis/topic19/Topic19.htm#Top)

5. SPATIAL multi-criteria analysis
Spatial decision-making process such as industrial site selection, usually involve not only technical requirements, but also economical, social, environmental and political dimensions. It is not uncommon for the decision variables to have conflicting values. Solutions for such challenges frequently involve highly complex spatial decision making processes that require simultaneous use of several decision support tools such as Geographic Information Systems (GIS) and Multi-Criteria Decision Making (MCDM) techniques. Integration of the capabilities of these tools is crucial to the feasibility of reaching a final solution. Therefore, developing efficient integration strategies became a high priority to many researchers (Eldrandaly, Eldin, Sui, Shouman, & Nawara, 2005).


In Spatial multicriteria analysis land-based unit on a map (whether raster or vector-based) would be colored from green (very suitable) to red (not suitable or compatible). Each map would represent a theme such as current land-use compatibility (Figure 6).
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Figure 6: Spatial multicriteria analysis

 (Adapted from Ghamgosar, Haghyghy, Mehrdoust, & Arshad, 2011)
Typical location analysis problems can be characterized as very complex and data intense. Modeling and analysis techniques must be employed to effectively deal with such complexity and data intensity in order to identify the best alternatives. One of the most used multi-criteria analysies together with GIS is Analytic Hierarchy Process (AHP) founded by introduced by Thomas Saaty (1980). AHP is an effective tool for dealing with complex decision making process, and may aid the decision maker to set priorities and make the best decision. Integration of this two decision support tools (GIS and AHP) can solve complex spatial
decision-making problems like is industrial site selection-
Like any technology that is trendy Geographic Information Systems have exaggerated the benefits and latent defects, but in choosing the industrial location allowing multi-criteria decision making based on space and time, in this time of technology are indispensable. Geographic Information Systems are used in conjunction with other systems and methods such as expert systems (ES), systems for decision making (DSS) and the method for multi-criteria decision making (MCDM)(Figure 7).
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Figure 7: Architecture of the Intelligent GIS Approach (Eldin & Sui, 2003).
. 
6. CONCLUSION
An important factor that influences the level of use of GIS in decision-making process is a work style of managers. The styles of people who make decisions ranges from extremely rational managers who use mathematical logic to analyze all available information  and those who  making intuitive decisions by bringing "soft" decisions without careful consideration of facts.
Neglect, all relevant factors affecting the choice of  industrial location  and off of mathematical logic from the decision-making actually increases the risk of failure.

Geographic Information Systems have their downsides in spatial decision-making  proces, which is reflected in the inability of multicriteria decision-making . To allow multi-criteria decision-making and representation of spatial results in GIS it is necessary to integrate tools for multi-criteria decision making with GIS.
For all these reasons it is necessary to develop a reliable model for industrial site selection

Supported by integrated GIS and MCD for more efficient decision-making.
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