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Industrial 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 defi ned in the business 

strategy, site selection process begins as recognition of existing or projected need to meet new 

or growing market. Recognition of the need of new industrial location initiate a series of activities 

directed for looking geographical area and specifi c location. Conquer new territories for business 

starts with 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, environmen-

tal, 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 analysis. New trends in information technologies put 

geo-information technology in the centre of events in industrial locations science. Geographic In-

formation Systems (GIS) provides functionality to capture, store, query, and analyse geographic 

information, but that is not enough for multi criteria analysis and decision making. Recent de-

velopment in GIS leads to dramatic improvement in multi-criteria decision analysis (MCDA) and 

decision making. This paper presents the state of the art in GIS based multi-criteria decision 

analysis for industrial site selection.

Key words: Geographic Information Systems (GIS), Industrial Site Selection, Multi-Criteria Deci-

sion Analysis (MCDA), Spatial Decision Support Systems (SDSS)

INTRODUCTION

Industrial site selection is one of the key vital de-
cisions 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, the characteristics of the pro-
duction programs, economic conditions, working 
conditions, environmental and other impacts, deter-
mine the location of new industrial systems, while 
changes in production programs, the characteristics 
of the work process, the frequency of technological 
changes and the disorder effects requires adjust-
ment of the existing location of industrial systems 
(Zelenovic, 2003). One of the most important and 
far reaching decisions faced by operations manag-
ers is deciding where to locate new industrial facili-
ties. This is a strategic decision involving irrevers-
ible allocation of the fi rm’s capital, and often has a 

crucial impact on key measures of the fi rm’s supply 

chain performance such as lead time, inventory, re-

sponsiveness to demand variability, fl exibility, and 
quality (Bhatnagar & Sohal, 2005).
One of the main goals of industrial site selection is 
fi nding the most appropriate site with desired condi-

tions defi ned by the selection criteria. The industrial 

site selection, seeks to optimize the number of goals 

in determining the suitability of a specifi c location for 

a defi ned industrial system. Such optimization often 

involves numerous decision factors, which are fre-

quently contradicting, and the process often involves 

a number of possible sites each has advantages and 

limitations. Industrial site selection process means 

complex multi-criteria analysis which includes a 

complex array of factors involving economic, social, 

technical, environmental and political issues that may 

result in confl icting objectives (Williams and Massa, 
1983). Many factors must be involved in the decision-
making process, which makes the problem challeng-
ing choice in the selection of appropriate tools to en-
able data collection storage and analysis. 
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Industrial decision making is based on numer-
ous data concerning the problem. It has been 
estimated that 80% of data used by managers 
and decision makers are geographical (spatial) 
in nature (Worral, 1991). Decision problems that 
involve geographical data are referred to as geo-
graphical or spatial decision problems (Malcze-
wski, 2004). Geography is a critical factor, con-
tributing to an industry’s competitive advantage.
Geographic information systems (GIS) are pow-
erful tool designed for managing spatial data 
and spatial analysis which provides functional-
ity to capture, store, query, analyse, display and 
output geographic information (Bolstad, 2002). 
As such they have big infl uence in spatial de-

cision making process. Recent development in 

fi eld of decision making leads to dramatic im-

provements in the capabilities of GIS in loca-

tion analysis. These development are reviewed 

through analysis of attribute data especially pro-

cedures for Multi-criteria and Multi-objective lo-

cation analysis in GIS (Malczewski, 1999; East-

man, 2006; Rinner and. Voss, 2013).

This paper is organized as follows. In Section 2, 

we summarize the literature overview in the in-

dustrial site selection fi eld, pointing out the char-

acteristics of selection process and critical fac-

tors. In Section 3 we present the state of the art 

in GIS based multi-criteria analysis for industrial 

site selection. Section 4 derives some conclu-

sions and directions for future research.

BACKGROUND

In the past, industrial site selection was based al-

most purely on economic and technical criteria. 

Nowadays, in the post-industrial society and 

knowledge-based society, people become the 

most important resource (Florida, 2002; Nord-

strom and Ridderstrale, 2002). 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 (Wil-

liams and Massa, 1983; Keeney, 1980). Prox-

imity to universities and scientifi c 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 fi rst 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.

Collection of information allows the generation of a 

potential industrial sites that can be grouped, while 

the use of selection criteria, through several itera-

tions, gradually narrowing to a choice (Figure 1). 

In such way, of the total number of available sites, 

the customer is aware of just a certain number of 

them. Of these, only a certain number of locations 

meet the selection criteria of the decision maker. 

By collecting information on these locations, it re-

mains just making a group of locations that are in-

cluded in the shortlist. Out of this group, based on 

the criteria used by the decision maker (investor) 

chooses one location (Kotler et al., 1993).

Site selection problems are characterized by 

their multi-objectives and numerous stakehold-

ers, some of the issues that add to the complex-

ity 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 potential 

sites that could be chosen for the facility;

• Multiple - contradicting objectives - for instance 

a fi rm is locating the manufacturing plant in a 

third world country to take advantage of low 

labour cost, in the same time company must 

estimate whether the poor infrastructure or the 

non-availability of skilled labour may decrease 

it’s capability to compete with competition;

• Intangible objectives that are diffi cult to quantify - 

there are many factors that are very diffi cult to quan-

tify like is quality of education system in the country;

• Diversity of interest groups - Frequently, owners/

investors decisions are infl uenced by several pub-

lic groups in addition to their own organization;

• Impact Assessment - Placing the value on the 

impact of each objective could be problem-

atic. 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 occur all at the same time and may/

may not continue over the lifetime of the project; 

• Impact uncertainties - It is practically impossi-

ble to accurately forecast all possible impacts 

of all factors affecting the site selection;

• Delays - Licensing and construction are examples 

of common unpredictable delays that may signifi -
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Figure 1: Potential industrial sites

cantly impact the economic viability of the project; 

• Operation reliability - Uncontrollable and 
unpredictable natural phenomena such as 
storms, fl oods, quacks and similar phenom-
ena can infl uence site suitability; 

• Value trade-offs - Decisions regarding value trade-
offs especially among multiple contradicting objec-
tives are challenges for the decision maker;

• Equity - Determining equity and fairness 
among all interest groups could be a diffi cult 

task that involves complex value judgments; 

• Stakeholders’ risk attitudes - Determination 

and compilation of the stakeholders’ risk at-

titudes (utility functions) is important to the 

proper site selection; 

• Uncertainties in government decisions - The ac-

tions of the state governments can have a great 

infl uence on the relative desirability over time of 
different  locations for a proposed facility.

According to Zelenovic the process of site selec-
tion includes (Zelenovic, 2003):

• Establishing a set of infl uential factors rel-
evant to site selection,

• Predicting and evaluating the intensity and di-
rection of their effects in time and conditions.

• Evaluation of possible variants of solutions 
and selection of optimal variant.

Application of the procedure has equal impor-
tance in selection of macro and micro location 
(Figure 2). The term macro and micro location is 
explained in the Figure 2.

Figure 2: Review of Macro and Micro location in site selection process
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• Macro Location - the geographical area, 
which can meet the basic requirements for 
construction and development of industry 
with minimal operating costs; 

• Micro Location - s the specifi c place in the 

macro location that meets technical, infra-
structural and working process requirements

The basic steps in the process of site selection at 
international and national fi eld are given by Figure 3:

Figure 3: Basic steps in site selection process

The industrial site selection process means com-
plex multi-criteria analysis which includes a com-
plex array of factors involving economic, social, 
technical, environmental and political issues. It is 
obvious that many factors must be involved in the 
decision-making process, which makes the prob-
lem challenging choice in the selection of appro-
priate tools to enable concentration data, informa-
tion and knowledge. One of the fi rst step in the 
industrial site analysis should be overview and 
classifi cation of factors infl uencing the decision 
of location. Short review of factors is presented 
in Table 1 (Badri, 2007). Some of these factors 
can be measure with quantitative methods and 
some of them with qualitative. Quantitative meth-

ods place greatest reliance on representing val-
ues numerically. Numerical data, of many types, 
are useful in thinking about long-term invest-
ments (costs of labour, cost of electrical power, 
cost of industrial land, proximity to the highway 
etc.). Qualitative methods can be very useful 
in the research of those factors which are diffi -
cult to quantify like is climate, education system, 
availability of labour, etc. Many factors must be 
involved in the decision-making process, which 
makes the problem challenging choice in the se-
lection of appropriate tools to enable data collec-
tion, data storage, data analysis, data normaliza-
tion, data fusion and knowledge. Identifying the 
optimal location for industry is a spatial problem 

200 293

Aleksandar Rikalovic - GIS based multi-criteria decision analysis

for industrial site selection: the state of the art 



Journal of Applied Engineering Science  12(2014)3,

Table 1: Review of industrial location factors

Factors Explanation of  Factor

Transportation Pipeline facilities; Airway facilities; Highway facilities; Railroad facilities; Trucking services; Water-

way transportation; Shipping cost of raw material; Cost of fi nished goods transportation; Availabil-

ity of postal services; Warehousing and storage facilities; Availability of wholesale outlets.

Labour Low cost labour; Attitude of workers; Managerial labour; Skilled labour; Wage rates; 

Unskilled labour; Unions; Educational level of labour; Dependability of labour; Avail-

ability of male labour;. Availability of female labour; Cost of living; Worker stability.

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. 

Markets Existing consumer market; Existing producer market; Potential consumer market; Anticipation 

of growth of markets; Shipping costs to market areas; Marketing services; Suitable competitive 

position; Income trends; Population trends; Consumer characteristics; Location of competitors; 

Future expansion opportunities; Size of market; Nearness to related industries.

Industrial Site Accessibility of construction land; Cost of industrial land; Developed industrial park; 

Space for future expansion; Insurance rates; Availability of lending institutions; Close-

ness to other industries;. Attitude of fi nancing agents. 

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.

Government At-

titude

Building ordinances; Zoning codes; Compensation laws; Insurance laws; Safety 

inspections; Nuisance and stream pollution laws.

Tax Structure Tax assessment basis; Industrial property tax rates; State corporate tax structure; Tax free operations.

Climate Amount snow fall; Rain fall; Living conditions; Relative humidity; Monthly average 

temperature; Air pollution.

Figure 4: Architecture of the Intelligent GIS Approach
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that requires comparison of the attributes of dif-

ferent places, and fi nding the best fi t location in 

a place that has the most suitable combination of 

desired attributes. A number of tools have been 

used to select proper sites. These tools include 

expert systems, geographic information systems 

and multi-criteria decision-making methods.

For example, intelligent approach for industrial 

site selection based on GIS, expert system and 

Analytic Hierarchy Process (AHP) method (Fig-

ure 4) (Eldin & Sui, 2003), divides the process into 

two phases: screening and evaluation phases.
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In the screening phase ES recommends suitabil-
ity criteria and GIS screens all candidate sites 
located in the region of interest. In evaluation 
phase AHP is used outside of GIS to identify the 
most appropriate site by comparing alternative 
sites on the basis of the non-spatial attributes.

GIS AND MULTI-CRITERIA DECISION
ANALYSIS FOR INDUSTRIAL SITE
SELECTION

The Roll of Geographic Information Systems 
in Industrial Selection

Geographic information systems are group of proce-
dures that provide data input, storage, mapping and 
spatial analysis to support the decision-making ac-
tivities of the organization (Grimshaw and Bringing, 
1996). Since, geographical information systems pro-
vide the capability to enter, edit, retrieve, analyse, map, 
and visualize spatial data it is not surprising to see that 
spatial data is marketed primarily in a GIS format. 

GIS has the ability to stores geographic data (spa-
tial data) and attribute (descriptive) data. Spatial data 
represents features with known location on the earth, 
while attribute data is non-graphic information linked 
to the geographical features (spatial data), which de-
scribes features. There are two methods (or data mod-
els) used to structure spatial data in GIS: raster data 
model and the vector data model (Figure 5). The raster 
model is most effective for modelling and is commonly 
used with image processing; the vector model is more 
widely used, provides higher accuracy and better car-
tographic capabilities.

Figure 5: Raster and vector data model

GIS techniques & procedures have an important 
role in analysing industrial site selection prob-
lems in a form of spatial data analysis, especial-
ly in generating alternatives (screening phase) 
(Rikalovic et al., 2014). Spatial data analysis 
is concerned with that branch of data analysis 
where the geographical referencing of objects 
contains important information. A defi nition 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 distribution of values 

or reconfi guration of the spatial structure (Good-

child, 1992). The most commonly used spatial 

analysis in GIS is (Figure 6):

• Analysis of attributive (tabular) data,

• Overlapping layers (i.e. query of spatial data)

• Analysis of the distance, (“Buffering”)

• Network analysis and

• Nonparametric techniques.

Analysis of the buffer zone is used when it’s 

needed to locate all locations that are in a zone 

(a distance) of the observed object. In the exam-

ple given in Figure 6 we can see buffer analysis 

for production locating. In presented example we 

assume that the location must be in the industrial 

areas and that the highway may be the most dis-

tant 1 km from the potential location. Often such 

a request is performed excluding all locations 

that are further than 1 km from the highway, us-

ing common ArcGIS function called “Buffering”.

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, etc.), logarithmic functions, 

trigonometric functions, and so on; application of some 

nonparametric techniques like multi-criteria methods 

and methods based on artifi cial intelligence. However, 

GIS has several limitations in spatial decision making 

which are due in great part to the lack of sophisticated 

analytical and spatial modelling tools. The solution 

generally adopted to enhance the GIS in spatial deci-

sion making consists in coupling it with other comput-

ing and operational research tools. Among these tools, 

the multi-criteria decision analysis is naturally the most 

appropriate one. Combining multi-criteria analysis and 

GIS for overcoming shortcomings of one tool by the 

strength of another to help decision making process.

GIS based Multi-Criteria Decision Analysis 
for Industrial Site Selection 

Many factors must be involved in industrial site selec-

tion process, which makes the problem challenging 

choice in the selection of appropriate spatial tools to 

enable concentration data, information and knowl-

edge. Spatial decision problems typically involve a 
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Figure 6: Raster and vector data model

large set of feasible alternatives & multiple evaluation 
criteria (Chakhar and Mousseau, 2008). New trends 
in information technologies put GIS in the centre of 
location science and spatial decision support.

Industrial site selection, usually involve not only tech-
nical requirements, but also economic, social, envi-
ronmental and political factors (Figure 7). Solutions 
for such challenges frequently involve highly com-

plex spatial decision making processes that require 
simultaneous use of several decision support tools 
such as geographic information systems and multi-
criteria decision making techniques. Integration of the 
capabilities of these tools is crucial to the feasibility 
of reaching a fi nal solution. Therefore, developing ef-

fi cient integration strategies became a high priority to 

many researchers (Eldrandaly et al., 2005).

Figure 7: Spatial multi-criteria analysis
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Multi-criteria decision making problems can be 
classifi ed on the basis of the major components 
of multi-criteria decision analysis: Multi-Objec-
tive Decision Analysis (MODA) versus Multi-
Attribute Decision Analysis (MADA), individual 
versus group decision-maker problems, and 
decision under certainty versus decision under 
uncertainty. The distinction between MODA and 
MADA is based on the classifi cation of evalua-
tion criteria into attributes and objectives (Mal-
czewski, 2004). Multi-attribute techniques are 
discrete methods because they assume that the 
number of alternatives is explicit. The multi-ob-
jective methods are mathematical programming 
model-oriented, where the alternatives, identi-
fi ed by solving a multi-objective mathematical 
programming problem, must be generated. Ac-
cording to Kenney [16], two major approaches 
include the alternative-focus approach, which 
focuses on generating decision alternatives, and 
the value-focus approach, which uses the values 
(evaluation criteria) as a fundamental element of 
the decision analysis (Kenney, 1992). 

Recent developments in the fi eld of decision 
making have led to dramatic improvements in 
the capabilities of GIS in industrial location anal-
ysis. These development are reviewed through 
analysis of attribute data especially procedures 
for Multi-criteria location analysis in GIS. Over 
the last decade, a number of multi-attribute (or 
multi-criteria) evaluation methods have been 
introduced in the GIS environment. The most 
commonly used analysis are: Weighted Linear 
Combination (WLC) and Ordered Weighted Av-
eraging (OWA) (Malczewski, 2000; Rinner and 
Malczewski, 2002; Eastman, 2006; Drobne et 
al., 2009; Rinner and Voss, 2013).

Weighted linear combination (WLC), or simple 
additive weighting, is based on the concept of 
a weighted average in which continuous criteria 
are standardized to a common numeric range, 
and then combined by means of a weighted av-
erage. The decision maker assigns the weights 
of relative importance directly to each attribute 
map layer. The total score for each alternative 
is obtained by multiplying the importance weight 
assigned to each attribute by the scaled value 
given for that attribute to the alternative and then 
summing the products over all attributes. The 
scores are calculated for all of the alternatives 
and that with the highest overall score is chosen 
(Malczewski, 2000; Drobne et al., 2009). 

With the weighted linear combination, factors are 
combined by applying a weight to each followed by 
a summation of the results to yield a suitability map 
(Figure 8):      

 

Where S is suitability, w
i
 is weight of factor i, and 

x
i
  is the criterion score of factor i. In cases, where 

Boolean constraints also apply, the procedure can 
be modifi ed by multiplying the suitability calculated 
from the factors by the product of the constraints:

 

Ordered Weighted Averaging (OWA) uses a 
class of multi-criteria operators (Yager, 1988) 
and involves two sets of weights: criterion, or im-
portance weights and order weights (Boroushaki 
and. Malczewski, 2008). 

A criterion weight is assigned to a given crite-
rion or attribute for all locations in a study area 
to indicate its relative importance, according to 
the decision-maker’s preferences, in the set of 
criteria under consideration. The order weights 
are associated with the criterion values on a 
location-by-location basis. They are assigned to 
a location’s attribute values in decreasing order 
with no consideration of the attribute source of 
each value. The re-ordering procedure involves 
associating an order weight with a particular or-
dered position of the weighted attribute values. 
The fi rst order weight is assigned to the highest 
weighted attribute values for each location, the 
second order weight to the second highest val-
ues, and so on (Drobne et al., 2009).

Geographic information systems have been used 
to identify suitable areas for industry using multi-
criteria evaluation method called Boolean logic 
for producing suitability maps (Reisi et al., 2011). 
The Boolean method evaluates the study area, 
using a grading scale [0, 1] where 0 denotes sites 
totally unsuitable for industry while 1 shows sites 
suitable for industries. In recent industrial loca-
tion research Simple Additive Weighting (SAW) 
method was presented under the GIS environ-
ment (Charungthanakij and Sarapirome, 2010). 
Applying SAW method as the decision rule, the 
sum of product class scores within factors and 
their weights indicates spatial ranking of land 
suitability for industrial location.
The industrial location problem requires complex knowl-
edge management and analysis. The need of an ap-
propriate support to human decision makers is due to 
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Figure 8: Suitability map: a) Raster suitability map; b) Vector suitability map
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four kinds of limits: cognitive, economic, time and com-
petitive demands (Reisi et al., 2011). Management of 
uncertainty is an important issue in the design of deci-
sion support system since data maybe indefi nite, inac-

curate and ambiguous (Puškarić et al., 2013).

Unfortunately, there is not enough scientifi c re-

search on industrial site selection fi led that would 

cover all the important aspects of decision making 

on a comprehensive way. 

CONCLUSION

This paper presents the state of the art in GIS 

based multi-criteria decision analysis for indus-

trial site selection. We present literature over-

view in industrial site selection fi led, pointing 

out the characteristics of selection process and 

complex multi-criteria analysis which includes a 

complex array of factors. We analysed the roll of 

geographic information systems and multi-crite-

ria decision analysis in industrial site selection. 

Special emphasis is given to a spatial analysis 

and GIS based multi-criteria decision analysis. 

Spatial analysis is presented as GIS techniques 

& procedures that have an important role in ana-

lysing industrial site selection problems especially 

in generating alternatives (screening phase). We 

presented the most commonly used spatial analy-

sis in GIS and provided examples of applications 

in the industrial site selection fi eld. As well we pre-

sented several limitations in GIS which are due in 

great part to the lack of sophisticated analytical 

and spatial modelling tools. As solution we com-

bining multi-criteria analysis and GIS for over-

coming shortcomings of one tool by the strength 

of another to help decision making process.

We classifi ed multi-criteria decision making 

problems as: multi-objective decision analysis 

versus multi-attribute secision analysis, individ-

ual versus group decision-maker problems, and 

decision under certainty versus decision under 

uncertainty. We presented the most commonly 

used MCDA techniques under the GIS environ-

ment, and provide an overview of the application 

of GIS-MCDA in industrial site selection fi led.

Previous research is very welcome but not suffi cient 

in industrial site selection. Need for new research is 

necessary to allow quantitative and qualitative anal-

ysis under uncertainties on comprehensive way.
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