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Abstract: Problem statement: The aim of this study is to create a GIS application for retail facilities
planning in Saudi Arabia. Jeddah city has been selected as a case study representing a major
commercial city in Saudi Arabia. Approach: The crated application covers several retail planning
analysis issues. These issues are divided in to two major groups called the city scale retail planning and
the retail center market area. The former covers defining the location and the distribution of all retail
centers in Jeddah city and classifying retail centers based on size and area. Meanwhile, the latter
includes defining the spatial distribution of retail demand of selected centers and identifying the
primary catchment area of the selected retail centers. In order to build this application, a survey is
made for selected retail demand and GIS address geocoding function is used to convert the address
data of retail demand into points features. In addition, GIS network analysis is used in this application
to produce drive time based trade areas for the selected retail centers. Results: Retail centers were
classified in Jeddah city as three groups called small centers (has less than 100 shops), medium centers
(has 100-200 shops) and large centers (has more than 200 shops). Conclusion: Based on this
application, retail planner in Jeddah city can easily identify the pattern and trends of all retail centers in
Jeddah city. The created application can be used by retail planners in Jeddah city for evaluating retail
market and for identifying market segments that the retail centers are under-serving.
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INTRODUCTION

Geographical Information Systems (GIS) are used
today to provide advanced analysis tools and complete
data packages for analyzing retail and demographic
information. These tolls help retail planners in taking
important retail planning decisions such as choosing
retail locations, identifying and reaching potential
customers, finding new markets, performing customer
or store prospecting, defining customer-based or store
trade areas and identifying best retail locations.

Cheng et al. (2007) pointed that GIS technology is
appropriate for a variety of usages including resource
management, land surveying and business planning. For
example, a GIS might allow planners to create maps for
specific use, while another GIS might be able to
determine the size of wetlands necessary to be protected
against damages and pollution from new district
development. The way that maps and other data have
been stored or filed as layers of information in a GIS
makes it possible to perform complex analyses. Even if
image data that have already been converted from paper
to digital form are not available, a GIS can produce
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digital maps by incorporating spatial data. Tabular data,
such as shoppers’ behavior obtained by means of
surveys, are then entered into it to act as the
information for different layers (Cheng et al., 2007).
Nasirin and Birks 2003, added that GIS have rapidly
developed as input to decision support systems (DSS)
employed by retailers and have become vital to support
decisions made retailers for both operational day-to-day
such as sales promotion activities and long-term
strategic decision-making.

The use of GIS has come of age as a result of
several interrelated factors. First, there are many GIS
software products that are available from commercial
vendors and universities.  Second, computer
workstations are now capable of handling many of the
computational, retrieval and storage problems within a
reasonable amount of time and at reasonable cost.
Third, graphical displays and plotters are now
sophisticated and fast, producing high-quality and high-
resolution output. Fourth, geographic data vendors as
well as governmental agencies such as the Bureau of
the Census of the US Government have made large
amounts of geographic data available at reasonable
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cost. Fifth, the use of remote sensing has expanded,
especially in environmental monitoring and this has led
to the need for systems that are capable of handling
large amounts of data as well as serve as a major source
of land coverage information. Sixth, the emergence of
the satellite based Global Positioning System (GPS) has
made it easy to collect attribute data along with its
location at relatively low cost and with relatively high
accuracy. Each of these factors has contributed to the
growth of the GIS industry. Nasirin and Birks, 2003
added that the availability of geodemographic datasets
at a national level, for example, in the UK, the National
Readership Survey (NRS), is also a major factor in
changing retailers' desires to utilize GIS.

Today, Geographical Information Systems (GIS)
are used at several planning applications including land
use planning (Eldarndaly, 2009), health care planning,
environmental planning (Saberioon et al., 2010), forest
planning (Hasmadi et al., 2010) landscape planning
(Elhadi et al., 2009; Andrea, 2010; Saberioon et al.,
2010; Jusoff, 2010; Solaimani et al., 2009; Jalloh et al.,
2009) and water planning ( Tung et al., 2009; Maio et
al., 2010; Keita et al.,, 2009). Retail planning is
considered as one of the planning fields that could
benefit from using this novel technology. Retail
planners are faced today with many issues that can be
better handled with GIS. These include constructing
demographic, sales and competitive analysis, finding
the best locations for new retail stores, creating
effective marketing campaigns (Olson et al., 2005) ,
scheduling and route deliveries (Ganesh and Narendran,
2005) and providing better customer care information
system (Razmi et al, 2006). Today, GIS can be used for
retail planning applications to answer the flowing
analytical questions: Where to open new store?, Which
stores are under performance?, What is the market
share and penetration?, How many potential customers
live within 10 miles of the store?, How many
competitors are located within the market area of the
store? and Where should a new store be located in order
to minimize the impact it has on the current location of
stores? (Murad, 2007).

The diffusion of GIS in retail organizations can be
traced to a number of factors relating to supply and
demand of retail services. The demand factors include
location of retail stores and maximizing profitability.
Meanwhile, the supply factors are related to location of
competitors and the visualization of consumer behavior.

The most common retail GIS applications include
customer spotting, trade area analysis (e.g.,
demographic reporting for given trade areas), customer
profiling, competitor analysis, hot-spotting, sales
forecasting and consumer behavior modeling. These
can be applied to a number of decision events, from
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relatively low-risk store openings, renovations and
merchandising decisions to major high-risk decisions,
such as, corporate acquisition of competing chains or
international expansion through merger activities
(Hernandez, 2007).

GIS application in retail field is acknowledged and
used by several international retailers. For example,
Murad (2009), has pointed that GIS functions such as
Buffer and Thiessen can be used in retail planning field
for catchment area definition. Maatta-Juntunen et al.
(2011), have discussed a GIS application for measuring
retail location accessibility in Finland and utilize GIS
tools to assess store locations in terms of CO2
emissions from private cars used for consumer traffic.
Birkin (1996) have used GIS to study changes in
market penetrations for a new retail store and showed
how GIS is used to find out the opportunities for
locating new store at the South coast of England at the
town of Hastings. This example indicates that the
analysis of market penetration is one of the main retail
analysis that can be made using GIS. Murad (2003)
have presented similar GIS application that calculates
market penetration for two retail centers at Jeddah -
Saudi Arabia. The results of such study indicate that
there are areas of good and poor performance and
pointed that shopping developers can use those results
to try to attract more customers from areas with low
performance.

The use of GIS in modeling demand flows to retail
location is another very important retail issue. Here,
GIS is used together with spatial interaction models to
calculate the interaction between retail location and
residential areas. (Suarez-Vega et al., 2011; Murad,
2003; Birkin, 1996; Bullas and Clarke, 2000).

In a summary, It can be said that GIS is applied at
several retail studies and these studies varies from
defining retail territories and analyzing market
penetrations up to modeling the flows of the retail
demand. This study will discuss how to use GIS for
retail facility planning in Jeddah city, Saudi Arabia.

MATERIALS AND METHODS

The created application covers macro and micro
scale retail planning issues. The formers covers
evaluation the location of retail centers. Meanwhile, the
latter is focused on one selected retail centers called Al
Hijaz Center and covers indentifying and analyzing the
market area of retail center. In order to build this
application, several data sets were captured and built
using ArcGIS software. These are as following.

On-screen digitizing and address geo-coding
functions were used for capturing the required data.
Road network and city districts data were entered in the
geo-database using on-screen digitizing. Meanwhile,
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locations of retail centers are created for the presented
application using address geo-coding function. Both of
these two GIS functions produce vector data models
(points, lines and polygons). The created geo-database
covers spatial and non-spatial retail data. The former,
covers the exact location of retail centers in the city.
The latter, includes retail center capacity (GLA), car
parking size, amount of customers and many other
useful information for describing the characteristics of
existing retail centers. To build this geo-database,
several data sets were collected and captured into
ArcGIS software. The collected data are classified as
points, lines and polygons features. The exact location
of retail centers is modeled in the GIS as points
features. Road network and city districts data were built
in the GIS as lines and polygon fetuses. For each of
these features the relevant attributes were linked at the
feature attribute table.

One of the prime objectives of this application is to
define retail market based on real demand locations.
Accordingly, a survey was made on a sample of 500
retail customers which aimed at defining the spatial
distribution of selected retail customers. Their locations
were converted in the GIS as point features with a city
district resolution. In addition, the exact location of
retail centers are modeled in the GIS as points features.
In addition to making point features, the present
application created polygon features showing city
district boundaries as well as line features showing city
road network. These two basic GIS features were used
with point data to define and model the market area of
retail centers at Jeddah city. For each of these features
the relevant attributes were linked at the feature
attribute table.

RESULTS AND DISCUSSION

Classifying of retail centers: In order to evaluate the
location of retail centers in Jeddah city, GIS simple and
advanced functions were used for defining the spatial
distribution of retail centers and for defining the growth
direction of retail centers in Jeddah city. Retail centers
in Jeddah city can by classified based on different
attribute data such as center name, land area, GLA and
parking size. These data were collected and saved in the
geo-database and can be used for identifying the
characteristics of retail centers in Jeddah city. Using
the graduated symbol function of ArcGIS software,
retail centers in Jeddah city were classified and the
results of this type of analysis are shown in Fig. 1.
Looking at this figure retail planner can easily identify
the location of large or small centers. Drawing
quantities by graduated symbols is considered as an
effective way to visually present a numeric attribute.
This method is suitable for numeric data that represents
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a rank or progression of values. It draws larger symbols
first and smaller symbols afterward. This is so that
features with large values do not obscure features with
smaller values. The graduated symbols method is used
to map discrete locations or lines. Accordingly,
graduated point symbols are drawn as the locations of
individual features to show the magnitude of the data
value. Based on the results of this function, retail
centers could be classified as three groups called small
centers (has less than 100 shops), medium centers (has
100-200 shops) and large centers ( has more than 200
shops). This type of GIS classification tool can also be
used with multiple attributes such as comparing retail
center size with car parking area. This type of
comparison can identify retail centers that has large
amount of shops but not providing enough car parking
area for retail demand.

Modeling the direction of retail growth: Measuring
orientation and direction of retail centers help retail
planners in abstracting the spatial trends in the
distribution of retail centers. GIS spatial statistic
functions can be used to measure whether-and to what
extent- the distribution of features crates a pattern. The
resulted direction of pattern can be used for several
purposes. For example; one can calculate the degree to
which student test scores in a city are clustered.
Another example is found in the application of regional
transportation network where planners need to identify
the direction of manufacturing, retail and financial
activities. In another example retail planner might want
to use this function to see whether different types of
businesses such as financial and manufacturing have
similar trends or corridors in the city.

GIS spatial statistic tools can define the direction
and orientation of points, polygons and lines features.
For the presented application, points features showing
retail centers location are selected and used within
ArcGIS spatial statistical tools to define the orientation
of retail centers in Jeddah city. The result of this type of
analysis is presented in the form of an ellipse shape. It
is produced by calculating standard distance in the x
and y directions and by defining the axes of an ellipse
encompassing the distribution of features. The ellipse is
referred to as the standard deviation ellipse which
allows the analyst to see if the distribution of features is
elongated and hence has a particular orientation.

The standard deviation ellipse measures the
standard deviation of the features from the mean center

separately for  the x-coordinates and the y-
coordinates. The length of the ellipse axes are
calculated in the east-west (x- axis) and north-

south (y-axis) directions in distance unites (meters).
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Fig. 1:Classification of Retail centers based on number
of shops in each center
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Fig. 2: Standard deviational ellipse for small retail
centers in Jeddah city

Since the standard deviation is measured in each
direction from the mean center, the total length of each
axis is twice its standard deviation (ibid).

The presented study has calculated the standard
deviation ellipse for every retail center group (large,
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medium and small). The resulted ellipse for small retail
centers are shown in Fig. 2. Based on this result retail
planner can easily identify the pattern and trends of all
retail centers in Jeddah city. It is clear that orientation
of retail growth in Jeddah city is toward the northern
city districts and accordingly, any future retail
development should follow this direction for the
purpose of attracting large retail demand. Alshatee and
Almohamdia are two districts located north of the city
are considered to be the potential location for any future
retail development in Jeddah city.

Defining retail market area: One important question
always asked by a retail planning officer deals with
retail-market area definition. This answer depends on
the analysis method or technique used for this purpose.
For a GIS-based analysis research, retailers can define
the following types of market areas around the service
locations: (a) Simple ring: created around stores using a
specified radius, (b) Data-drives ring: created around
stores using radius proportional to a store
characteristics such as total sales, square footage and
Grass Leasable Area (GLA), (c) Equal competition:
creates trade area boundaries halfway between each
store an its neighboring stores (Thiessen polygons), (d)
Drive time: defines areas accessible along the street
network based on specified maximum travel time or
distance, (e) Gravity model: predicts the sales potential
of an area based on distance, competition, attractiveness
factors and consumer spending and (f) Threshold ring:
creates rings containing a specified population or
household count (ESRI, 2009).

Looking at the various types of GIS-based market
area definition techniques, the present study selected
the simple ring method and then added to it a location
of retail demand. Accordingly, the first step to produce
this output was to plot and map the locations of retail
customers that were interviewed in the course of this
study. One of the useful GIS functions to be used for
this purpose is known as Address Geocoding. It refers
to the process of creating map features from addresses,
place names, or similar information (Ormsby et al.,
2004). In order to use this function, ArcGIS software
requires that the user should have an address table
containing a list of addresses stored as a data-base table
or a text file as well as a set of reference data such as
streets on which the addresses can be located. Using
city-district shape file as a reference data and address
table of retail customers, the presented application has
produced point features describing the spatial
distribution of retail customers of one selected retail
center in Jeddah city (Fig. 3).
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This output shows the dissemination of the market
area of the selected center. It is evident that there are
some parts of the city (Al Bawadi, Al-Rabwah and Al-
Salamah) which produce remarkable retail customers to
this center. These areas are actually falling within the 5-
km ring defined around the selected center (Fig. 4).
This output forms the primary market area of Al Hijaz
Center and can be used by retail developers to define
the parts of the city providing a larger amount of
customers to this center. These parts should always be
monitored and evaluated by retailers to make sure that
these already attracted customers are regularly visiting
this center.

Market area analysis: This part of the study discusses
how GIS can be applied to meet the objective of
expanding the existing retail market. There are several
GlS-based techniques to be used by retailers for
preparing policies in this respect. One of them is based
on drive-time analysis demonstrated by the present
application. ArcGIS software is applied to create
market areas based on drive-time bands. In order to
make these drive bands (0-10, 10-20, 20-30 and 30-40
min.), data about road speed were captured into the
road network attribute table and used to produce these
drive time-based market areas. Customer locations’
data were overlaid with the resulted drive-time bands to
analyze these locations according to their nearness to
the chosen center (Fig. 5). A key finding of this analysis
is that there are different amounts of customers visiting
Al-Hijaz center according to the drive-time bands. In
order to classify these customers, GIS overlay functions
are used to subdivide each customer location according
to its localization within the drive-time band. This type
of GIS functions is defined as the process of comparing
spatial features in two or more map layers (Grimshaw,
2000). GIS applied the input coverage and the overlay
one to produce output coverage based on selected logic
Boolean functions which can be used by different
applications. They are the following: intersect, not
intersect, union, all but A or B, union levels and A not
B (Davis, 1996). This part of the application deals with
the intersect function demonstrating only the portion of
the input coverage that falls inside the intersect one.
Here an input coverage is the location of all the retail
customers and an intersect coverage is the resulted
drive-time band pattern. If the input coverage is a point
one, as in our case, the intersect function will result in
an output coverage of point feature, too (Chou, 1997).
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This output is useful for retail planners as it defines the
extent of the retail market. Besides it can be applied to
advise retail managers concerning the locations where
no desired size of customers is produced and
accordingly, to focus on these locations and try to
expand the already existing retail market to cover such
less attracted areas. For this retail center, city districts
such as Al-Mohamadia, Al-Aziziayah, Al-Safa and Al-
Andalus are located within the less attracted bands.
Therefore, retail managers should approach these
districts more closely and introduce their center goods
and services to people living in such areas so that they
could be more attracted to this center.

CONCLUSION

GIS is considered as useful and important
analytical tool in many retail planning applications such
as market penetration, business forecast, consumer
behavior/profile tracking and prediction. The current
study presents a GIS application for defining the spatial
distribution of retail centers in Jeddah city. The
application classify retail centers based on shopping
sizes and produce three types of retail centers named as
large, medium and small centers. For each of these
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three centers types, GIS spatial statistics are calculated.
In addition, This study discusses how GIS could be
implemented as a tool for defining and analyzing the
retail market of Al-Hijaz Center in Jeddah city based on
customer location. Finally, a market area investigation
has been performed based on GIS drive-time analysis
technique and by using GIS overlay analysis function.
This methodology could help retail planners in defining
both strongly and less attracted parts of Jeddah city.
The results of the created GIS application are
considered as valuable tools for increasing the
efficiency of retail center management and for
evaluating the performance dynamics of retail center.
The created application can be used by any retail center
managers in Jeddah city for evaluating retail market and
for identifying market segments that the retail center is
under-serving
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