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Abstract. Industrial site selection is the process of choosing the most suitable location(s) that meets the desired requirements set by
the selection criteria. Siting an industry is a major long-term investment. In this sense, selection of the most suitable location is
imperative in satisfying the social, economic, environmental, and sustainability requirements. Identifying the most suitable site(s)
with desired requirements defined by the selection criteria is basically one of the key objectives of industrial site selection. The
majority of the data used by managers and decision makers in industrial site selection are geographically related, which denotes the
industrial site selection process to be a spatial decision issue. Therefore, this study employed Analytic Hierarchy Process (AHP)
model to evaluate the location suitability of the existing industries Dammam Metropolitan Area (DMA) based on a number of
decision criteria used in selecting the most suitable industrial sites. Priority weights were calculated after ranking each criterion using
the Saaty’s 9 point scale of preference by the experts. Weights were calculated and further normalized through the AHP. The findings
of the survey have been used to evaluate the existing and approved industrial sites in DMA. The study have reached an important
conclusion and recommendations with regards to the existing and approved industrial sites in DMA.

Keywords: Suitability analysis, industrial site selection, Analytic Hierarchy Process (AHP), urban sustainability, Dammam
Metropolitan Area.

1. Introduction element in the site selection process.
Application of risk management principles in
choosing a new site for industrial development
is one of the most important issue responsible
for the success or failure of any industry [!l. To
lessen the risks, stakeholders should first be
involved in decision making process of the site

Industrial development is a very critical aspect
of the urban morphology. Industries provide
employment and economic opportunities; but
at the same time, it contributes to
environmental pollutions. Long ago, site
selection for industrial development was based

virtually on technical and socio-economic selection.

criteria [!. Nowadays site selection criteria Site selection for industrial development
must satisfy the environmental aspects as well. is therefore a serious point in the startup
The process of industrial site selection process, expansion or change of the location of
signifies a complex multi-criteria analysis industrial systems of all kinds. One of the key
including a complex collection of decision objectives in industrial site selection is
elements relating to social, economic, searching the most suitable site with chosen
environmental, technical, and political factors conditions defined by the selection criteria.
that may end in conflicting objectives 24, Decision making on industrial sites location is
Moreover, risk management is a crucial a primary component of strategic and logistical
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decision-making through studying a wide
series of conflicting decision criteria so as to
regulate socioeconomic benefits as well as
environmental sustainability. Hence, the
selection criteria must meet a number of social
and environmental components prescribed by
the laws and government guidelines [!. Site
selection refers to the process of finding the
most suitable sites for establishing a specific
project depending on socioeconomic and
environmental criteria °l. Currently, some
developing countries and large cities take the
preliminary step of forming certain regions for
industrial development, purposely to segregate
them from densely populated areas. Selection
criteria must also meet a number of
environmental elements enforced by law and
government regulations [!],

In Dammam  Metropolitan  Areas
(DMA), there are basically two industrial
zones (Industrial Zone 1 and 2); and all the
existing industries in these zones are mainly
light and medium scale industries, with very
little elements of the heavy industries.

Therefore in this study, Analytical
Hierarchy Process (AHP) is used in evaluating
the location of the existing industries in
Dammam Metropolitan Area. This is by
examining the industrial site selection criteria
such as highways, railway lines, seaport,
airport, landfill site, as well as the existing
industries, which are all applicable to the all
available types of industries in DMA (light
and medium scale industries). AHP is used in
calculating the priority weight of each
individual criterion so as to guide decision
making process. The AHP methodology has
been adapted in various fields including
engineering, military, management,
manufacturing, politics, social, sports and even
at the individual level [* ¥ It has been applied
in areas including flood management, business
administration, cost-benefit analysis, future
planning, resolution of conflicts, determining

requirements, allocating resources, measuring
performance, designing systems and ensuring
system stability ['*], Much work and literature
available on the application of AHP in geo-
engineering are devoted to the development of
relative weights of influential factors and
incorporation of the weights into GIS system.
As for example, ['* derived relative weights of
influential factors affecting urban (Lanzhou
city, China) geo-environment using AHP, and
the suitability potentials of urban land use
were evaluated and assessed using GIS.
Similarly, Ayalew etal. (2004) ['"Tused pairwise
comparisons to arrive at the relative weights of
landslide controlling factors, and used GIS to
prepare landslide hazard assessment map for
Tsugawa area of Agano River, Niigata
Prefecture, Japan. Komac (2006) employed
multivariate statistical analysis and concluded
that the use of the AHP method gives a means
to define the factor weights in the linear
landslide susceptibility model "%l In the
aforementioned previous studies, the AHP
mathematical model was used in generating
relative important weights to modeled future
events. While in this study the method is
applied to evaluate the existing industries in
DMA so as to assess their locations in terms of
suitability.

2. Study Area

The Dammam city is formed by the
neighboring conurbations of Dammam,
Khobar, Dhahran and the emerging areas of
Aziziyah and Half Moon situated in the
southern part of Khoper. Larger Dammam
comprises of Dammam Metropolitan Area
(DMA) and the bordering municipalities of
Qatif, Safwa and Ras-Tanura. DMA has the
total area of approximately 380,000 ha,
housing roughly 1.8 million residents. The
Kingdom’s economy mainly depends on oil
exploration, oil extraction and oil processing
along with exportation of the petroleum and its
products. The Kingdom’s Eastern Province is
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basically the heart of Saudi Arabian oil
production. Thus, the economy as well as the
physical development of DMA is largely
influenced by the petroleum industry. Figure 1
shows the components of DMA and its
external connections.
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Fig. 1. Dammam Metropolitan Area: Components and
External Connections ["°l.

3. Process of Site Selection

Traditionally, selection of suitable site
for development purposes especial identifying
suitable sites for industrial development,
economic and technical criteria were mainly
considered . Nowadays, an advanced
assessment is expected. This is by considering
a number of environmental requirements in the
selection criteria. Industrial site selection
process signifies a multifaceted multi-criteria
decision analysis involving different range of
criteria involving environmental, social,
economic, technical, and political elements
likely to result in conflicting objectives >, In
today’s knowledge-based society, the public
are considered to be most vital resource when
siting any kind of development [%. For

instance, proximity to educational institutions,
amount of novelties per individual can be one
of the fundamental factors to be considered by
decision makers. Similarly, controlling risk is
necessary in the site selection process,
especially in an attempt to identify a new
industrial location as it determines the actual
success or failure of an investment [1].
Investors need to first be aware of the phases
of the site selection process as well as knowing
what the key risks are, in order to be included
and controlled during each of the phases. Time
factor such as proximities to highways,
seaports, railway lines, and airports for
shipment of industrial products is also one of
the most important factors, however
sometimes used to be neglected when
analyzing the suitability of certain locations.

Locating new industrial facilities is one
of the most imperative and time consuming to
achieve by the decision makers, because it is
going to be a planned decision including
irrevocable distribution of the organization’s
capital 2!l Hence, gathering relevant
information allows the formulation of some
likely industrial sites that can be clustered, and
gradually narrowed down choices by
evaluating certain criteria through numerous
iterations. In this kind of situation, the
customer is familiar with a specific number of
the available locations to enable them identify
those groups (sites) that meets the selection
criteria of the decision makers. Subsequently,
after information gathering on specific sites,
what is left is forming a group of sites that are
involved in the shortlist meeting the selection
criteria, after which the decision makers
selects one of the sites %21, According to
Zelenovic (2003) 2%, the site selection process
includes:

a) Identifying a group of influential
criteria related to the site selection.

b) Forecasting and assessing the degree
of their impacts in time and space
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c) Assessment of likely alternatives of
solutions and selection of best alternative.

4. Methodology
4.1 Data Collection

An extensive literature and theories
reviews on selecting suitable industrial sites
was carried out. This has enabled the
identification of of ten industrial site selection
criteria. However, in the course of piloting the
questionnaire, the criteria were narrowed down
to six as the most important criteria in the case
study DMA and data availabilility. These
criteria were addressed to respondents to
determine their degree of preference in
influencing the suitability selection of
industrial sites in the study area of Dammam
Metropolitan Area, Kingdom of Saudi Arabia.
Experts-based AHP  questionnaire  was
designed based on the Saaty’s scale of
preference. Series of discussions with experts
involved in Urban and Regional Planning,
Environmental and Civil Engineering, Land
Surveying etc. were held. The respondents
were experts in the aforementioned fields with
the academic ranks of Professors, Associate
Professors, Assistant Professors, and Engineers.
They have a depth of experience in research
and practice with MOMRA and related
municipalities around the Kingdom. In
designing the questionnaire, an introduction
containing the aim of the study was clearly
written to give the respondents an insight on
how to go about responding to the questions.
The questionnaire went through series of pilot
studies. This is to correct ambiguities; check
wording to ensure that respondents understood
the questions in the contexts that the
researcher meant it to be. A pilot survey is
viewed as a prerequisite to collect meaningful
data for a research. According to Bell (2001), a
pilot study, is “getting the bugs out of the
instruments (questionnaire) so that the experts
will experience no difficulties in completing
the questionnaire ¥, Total number of 8

questionnaires was piloted before producing
the final corrected version. During the pilot
survey, things like narrowing down the
number of criteria from 10 to 6 was
deliberated and rephrasing some of the criteria
to suite the goal of the study carried out. Thus
after the pilot study, total of 16 questionnaires
were distributed, where only 12 were retrieved
and used. Since it is an experts-based
questionnaire, a large sample size is not
necessary; though, considering a reasonable
number of respondents is meant to avoid bias
in the calculation of the experts’ judgments
(251 otherwise according to Saaty (2009), a
judgment from a single expert suffices ?°!. The
development of the questionnaire was done in
such a way that each question was clearly
phrased to avoid ambiguity and checked for
expression, objectivity and relevance to the
problem being investigated. The respondents
were requested based on their experience to
kindly tick the degree of preference or
importance of each of the identified criteria for
selecting a suitable industrial site(s) on a 1-9
Saaty’s scale as shown in Table 2. The criteria
used in this study are present in Tablel.

Table 1. Site Selection Criteria.

Approximately 75% of the industrial activities
Highways | are done on the highways. For this reason,
highways are given more significance than
other types of transportation network [27),
Therefore, all roads as well as areas within the
distance of 1500 m are considered
inappropriate.

Railway Railway lines are equally important as they
lines are used in some places for industrial
shipments. So, railway lines are given equal or
less priority to other mode of transportation
[27], Distance of at least 100 m - 500 m is
recommended when considered to be less
preferable.

In most cases, airport is considered to have a
reasonable proximity to an industry for
transportation of goods and services.
Therefore a distance of not less than 1 to 3 km
is recommended.

Seaport is a very important factor to consider
when sitting an industrial for shipment of
industrial products. Seventy five percent or
more of the industrial activities are done via

Airport

Seaport
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the sea. Therefore a distance of not more than
1 to 2 km is recommended for easy shipments.
Landfill Minimum distance of 2-5 km of landfill sites
Sites is recommended from an industry, as some
industries do not tolerate any level of
pollution 28],

assignment to different criteria.Table 2 present
the interpretations of the Saaty’s 9 point scale
of preference.

Table 2. Interpretation of the Saaty’s scale of measurement.

Existing Existing industries should meet the criteria
industries | considered in this study to make its location
suitable. Similarly, the existing industries
should have a reasonable level of proximity to
other industries as well.

Source: Ref. ! (Modified by the authors)
4.2 Multi-Criteria Decision Analysis

Six criteria were used in identifying the
most suitable industrial sites based on one of
the techniques of the Multi-criteria Decision
Analysis (MCDA). MCDA methods are used
in calculating the relative important weights of
criteria under investigation [%. Decision
problems are divided into smaller clear parts
by the help of MCDA so as to analyze each
part separately, and further integrate the parts
in a rational way.

a) Analytic Hierarchy Process

The Analytic Hierarchy Process (AHP)
is a mathematical modeling technique for
multi-criteria decision making &334 It was
developed by Saaty, a mathematician in early
70s. The AHP method helps to specify
numerical weights representing the relative
importance of criteria (see also [® 7% 121 AHP
allows both qualitative and quantitative
approaches to solve complex decision
problems. The  technique structures/
decomposes problems into a hierarchy of
elements or factors influencing a system by
incorporating levels. In quantitative aspects,
the AHP can prioritize a set of attributes and
distinguish in general the most important
factors from the less important ones. Pairwise
comparison judgments are made with respect
to the attributes of one level of hierarchy given
the attribute of the next higher level of
hierarchy (from the main criteria to the sub-
criteria). Analytical Hierarchy Process (AHP)
can constructively be wused for weights

.Degree of Definition Interpretation
importance
Two element
. making equal
! Equal importance contribution to the
goal
Moderate
3 Somewhat more importance of
important element over the
other element
5 Much more Essential or strong
important importance
7 Very much Very strong
important importance
9 Extremely Extreme importance
important
These are require
Scale, 2.4, 6 Intermediate when comparison
and 8 values bereen two
adjacent judgment
is needed
Reciprocals If v is the judgment value when i is
compared to j, then 1/v is the judgment
value when j is compared to i.

Source: Ref. %),

The aggregation of the experts’
preferences was calculated using a Geometric
Mean method as shown below:

Geometric Means = ((X1) (X2) (X3)....(X~))"N:
Where:

X = Individual score; and N = Sample size
(Number of scores). Experts’ preferences
helped in performing the pairwise comparison
matrix.

1) Weights Assignment.

Pairwise comparison matrix is used in
calculating the weights of the criterions. This
allows the comparison of two criteria at a time
in accordance with their degree of importance
in selecting the most suitable industrial sites in
DMA. Matrixes of pairwise comparisons of
the criterions were produced based on the
priority ratings assigned by the experts.
However, the pairwise comparisons of all the
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criteria under investigation are considered as
the inputs, whereas the priority weights
calculated are the outputs. The weights were
further normalized and the normalized values
of the eigenvector are used as the final outputs.
The weights of the factors are generated based

on the steps described by Malczewski (1999)
[36]

5. Results and Discussion
5.1 Pairwise Comparisons of the Criteria

Multi-Criteria Decision Analysis
(MCDA) is said to emerged at the beginning
of 60s. Considerable number of MCDA
experts’ considered their profession to
primarily stem from the early study on goal
programming and study of Simon in 1977 7],
A framework for evaluating decision making
was proposed by Simon by differentiating
between the intelligence, design, along with
selection stages. MCDA methods are
mathematical algorithms that define suitability
of a specific result based on the input criteria,
calculated weights along with  other
mathematical or logical means of generating
trade-offs when conflict arises. Values from 1
to 9 were assigned to each criterion by the
experts to reflect their relative importance. The
findings of the study are as follows:

Where:

C1 = Highways

C2 = Landfill Sites

C3 = Airport

C4 = Railway lines

C5 = Existing industries
C6 = Seaport

Table 3 presents the priories given by the
experts using typical pairwise comparisons of
the criterions as well as the criteria weightings.
Reciprocal matrices were assigned in
comparing each set of pairs with regard to the

criteria’s degrees of significance in selecting
suitable sites for industrial sites in DMA. For
example, as presented in Table 3, Cl was
scored 4.0 while compared with C2; and the
reciprocal of 4.0 was scored to C2, which is
0.25. Subsequently, the aforesaid process was
employed throughout the rest of the
comparisons. The experts’ priorities in each
column in Table 3 were summed up to produce
a column total. Thus, each of the column value
was then divided by its column total to
compute the normalized matrix. The
normalized matrix was summed up to give 1 or
100% in each column total of the normalized
matrix. Finally, the rows of the normalized
matrix were individually summed up and
divided by the number of criteria to get the
criteria weights. The expert’s priorities were
further revisited in order to check the degree of
inconsistency in the rankings presented in
Table 3. Thus, the priorities were individually
multiplied by the weights as shown in Table 4.
The row total of each individual row of the
aforementioned multiplication outputs was
calculated and divided again by the weights.
Moreover, the equation (1) came up with the
consistency vector which was averaged to get
A value. The A value was used in calculating
the Consistency Index

{Consist} = }\/ . |» {WL}

The Consistency Index (CI) was calculated
using the equation below:
A-n

Cl=——
n-1

Equation (1)

Equation (2)

Where:
n = number of criteria (i.e. 6);

A = average value of the consistency vector
determined above.

A=6.21+560+590+6.21 +6.25+6.05=
36.21/6 = 6.03.
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Therefore:
CI=36.21/6-1 =0.01

Lastly is calculating the Consistency Ratio
(CR) to check whether the weights are
acceptable or not. The rule in calculating a CR
is that, a CR less than or equal to 0.1 is
acceptable, that means the level of the
inconsistencies is negligible; while a CR
greater than 0.1 is not acceptable, in other
words the result of the weights should be
rejected. Therefore, the priorities should be

revisited to check and rectify the
inconsistencies. The Consistency Ratio is
calculated using equation (3).

Cl

CR= Rl Equation (3)

Where:

RI = random inconsistency index whose value
depends on the number (n) of factors being
compared; for n = 6, RI = 1.24 as shown in
Table 5134,

Table 3. Experts priority and weights calculation.

Stage 1 Stage 2
Cl C2 C3 C4 | C5 C6 Cl CcC2 | C3 C4 C5 | C6 | Weights
Cl 1.00 | 4.00 4.00 | 2.00 | 0.50 | 4.00 | 0.40 | 0.24 | 0.30 | 0.32 | 0.18 | 0.34 0.30
C2 025 | 1.00 | 0.50 | 033 | 0.25 | 0.33 | 0.10 | 0.06 | 0.04 | 0.05 | 0.09 | 0.03 0.06
C3 025 | 2.00 | 1.00 | 0.50 | 0.25 | 0.50 | 0.10 | 0.12 | 0.07 | 0.08 | 0.09 | 0.04 0.08
C4 0.50 | 3.00 | 2.00 | 1.00 | 0.50 | 3.00 | 0.20 | 0.18 | 0.15 | 0.16 | 0.18 | 0.25 0.19
C5 0.25 | 4.00 | 4.00 |2.00 | 1.00 | 3.00 | 0.10 | 0.24 | 0.30 | 0.32 | 0.35 | 0.25 0.26
C6 0.25 | 3.00 | 2.00 | 0.33 | 0.33 | 1.00 | 0.10 | 0.18 | 0.15 | 0.05 | 0.12 | 0.08 0.11
SUM | 2.50 | 17.00 | 13.50 | 6.17 | 2.83 | 11.83 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 1.00
Table 4. Consistency Ratio (CR) Calculation.
Cl 1.00 | 4.00 | 4.00 | 2.00 | 0.50 | 4.00
C2 0.25 1.00 | 0.50 | 0.33 | 0.25 | 0.33
C3 0.25 2.00 1.00 | 0.50 | 0.25 0.50
C4 0.50 | 3.00 | 2.00 | 1.00 | 0.50 | 3.00
C5 0.25 | 4.00 | 4.00 | 2.00 | 1.00 | 3.00
C6 0.25 3.00 | 2.00 | 0.33 | 0.33 1.00
%k
[ 030 | 0.06 | 0.08 [ 0.19 | 026 | 0.11
= SUM1
Cl 0.30 0.24 0.34 | 0.37 | 0.13 0.45 1.83 0.30 6.21
C2 0.07 | 0.06 | 0.04 | 0.06 | 0.07 | 0.04 0.34 0.06 5.60
C3 0.07 | 0.12 | 0.08 | 0.09 | 0.07 | 0.06 0.49 . [.0.08 _ 5.90
C4 0.15 0.18 0.17 | 0.19 | 0.13 0.34 1.16 ) 0.19 6.21
C5 0.07 | 024 | 034 | 037 | 026 | 0.34 1.63 0.26 6.25
C6 0.07 | 0.18 | 0.17 | 0.06 | 0.09 | 0.11 0.69 0.11 6.05
SUM2 | 36.21
SUMI/WEIGTH
A=SUM2/n = 6.03

CONSISTENCY INDEX (CI)
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= M~ oo
n-1
CONSISTENCY RATIO (CR)
Table 5. Random Inconsistency index.
Cl Where: N | 3.00 | 400 | 5.00 | 6.00 | 7.00 8.00 9.00 10.00
CR =
RI RI | 058 | 090 | 1.12 | 1.24 | 1.32 1.41 1.45 1.49
_ ot CR <0.1 : REASONABLE
CR = 104 = 0.01

Using the CR equation above,

CR= 001 _ 0.01
1.24

Therefore, as 0.01 < 0.1, it shows that there is
a realistic degree of consistency in the
pairwise comparison and as a result, the
weights 0.30, 0.26, 0.19, 0.11, 0.08 and 0.06
can be assigned to highways, existing
industries, railway lines, seaport, airport, and
landfill sites respectively.

As seen from the findings of the study,
proximity to highways got the highest score
with 0.30, followed by proximity to existing
industries with 0.26, proximity to railway lines
with 0.19, and proximity to seaports with 0.11.
These findings corresponded to what is
obtainable in DMA. In DMA, most of the
industries use the highways, existing
industries, railway lines, and seaports for their
shipments of goods and services. Therefore,
applying the criteria used in this study to
evaluate the existing industries in DMA will
aid the decision makers in taking appropriate
risk management measures and in selecting the
most suitable site(s) for industrial location.

5.2. AHP Model-based Evaluation of the
Existing Industries in DMA

The AHP  mathematical  model
developed in this study is used in evaluating

the locations of the existing industries in
Dammam Metropolitan Area shown in Fig. 2.

Hence, assessment of the existing
industries was done by assigning degrees of
suitability from most appropriate to not
appropriate. As illustrated in Table 6, the new
industrial site proposed and approved by the
government (Site 4 in Fig. 2) is lacking the
two of the most important criteria; proximity
to highways and seaports, that is why it is
highly recommended to ensure that highways
are fully developed, as well as proper
connections to the seaports should be provided
to satisfy the industrial site selection criteria
investigated in this study. The table aslo
revealed that, the existing industrial estate
(Site 2) was less approporiate than the newely
proposed and approved one (Site 4) in terms of
proximity to other industrial estates, airport,
seaport and landfill sites. Based on these
findings, it is highly recommended to relocate
or transfer it to Site 4. In addition to that, Site
1 is also recommended to be relocated to Site
4, as shown in Table 6, it is less appropriate in
terms of proximity to seaport and landfill site.
Finally, Site 2 is situated in the most
approporiate location based on 4 of the six
evaluation criteria as shown in Table 6.
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Table 6. Evaluation of existing industries.
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S/ Evaluation criteria
N Names of ..
.. L. Proximity to .. - . .
existing Proximity to S Proximity to Proximity to Proximity to | Proximity to
. . . other existing . . . .
industrial areas | highways . . railway lines seaport airport landfill sites
industries
1 First Industrial | Most Moderate . Most Least Less
. . Appropriate . . .
Area appropriate appropriate appropriate appropriate appropriate
2 Most L Least L L
Al-Khadriya 8 . o5 . cas . Appropriate oo . ©58 .
appropriate appropriate appropriate appropriate appropriate
3 Second Most Most Most Less . Most
. . . . . Appropriate .
Industrial area appropriate appropriate appropriate appropriate appropriate
4 Approved Less Less Most Not Most Most
Industrial Area | appropriate appropriate appropriate appropriate appropriate appropriate

Source: Authors.

Legend

1 First Industrial Estate

2 Al Khudariah Industrial Estate
3 Second Industrial Estate

4 Approved New Industrial Area

Fig. 2. Structural Plan for Dammam Metropolitan Area, Ref. [*°],
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6. Conclusion and Recommendations

Site selection for industrial development
is in reality a spatial problem that requires
spatial decision making to be made based on
geographically related criteria. The findings in
this study impliy that, the application of AHP
mathematical model in evaluating the degree
of importance of the evaluation criteria
employed herein is reliable. The AHP
techniques helped the authors in identifying
the most important criteria. In validating the
findings of the study, weights calculated from
the AHP were applied on the existing as well
as the newly approved industrial areas within
Dammam Metropolitan Area. The application
of these criteria assisted in reaching a
conclusion that, some of the existing industries
should be relocated and the newly approved
industrial site should be improved in terms of
accessibility (road networks).

Future Research

Future research will focus on further
exploration of appropriate geographical data of
the criteria used in this study. This is to enable
the integration of the AHP model developed
herein with Geographic Information System
(GIS). The integration of AHP with GIS will
enable the authors to carry out a spatial
analysis, to come up with the land suitability
model for industrial sites location. The land
suitability model will provide the decision
makers with visual information about the most
suitable locations to site an industry, so as to
make a better and more efficient decision.
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