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Abstract

Geographic information systems (GIS) technology offers the users the ability to query
and access information, map spatial data, and perform predictive modeling, for target-
ting potential markets in a wide variety of industries and businesses. However, invest-
ment in the technology is expensive and requires considerable planning, This article
presents an overview of the technology in the context of its potential for business appli-
cations and serves as a guide to businesses intending to invest in the technology.

Introduction

eographic Information Systems, or
G “GIS,” is a buzzword that one invaria-

bly encounters in the business commu-
nity, either when attending a seminar or while
reading a book or article on the modern market-
ing research business. In effect, it has become an
increasingly important tool in the era of seg-
mented “niche” marketing with significant appli-
cations in a wide variety of industries; and to
many, it represents a panacea to problem solving
and decision making in marketing, resources
management and planning.

Unfortunately GIS technology is fre-
quently misunderstood, and its applications often
misconstrued. As with most technologies, the ef-
fective use of GIS depends on the person using
it, rather than the technology itself. Effective
use of the technology requires more than mere
mastery of the GIS software system, just as mere
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mastery of a word-processing software does not
necessarily make one an accomplished writer.
Instead, it requires an understanding of the fun-
damental concepts of geographic data, map co-
ordinates and registration, data integrity and ac-
curacy, spatial analysis, and database manipula-
tion. However, this frequently has been over-
looked by many an enterprising individual fer-
vently eager to embrace the technology. This ar-
ticle is intended to provide the reader with an
understanding of the technology, demonstrate its
potential as a valuable tool for business applica-
tions, and serve as a guide to investment in the
technology for business applications.

Geographic Information Systems

In the late 1950s, the concept of a geo-
graphic information system (GIS) arose from the
idea of “light-table gymnastics,” whereby indi-
vidual map layers were manually registered and
overlaid onto one another for analytical applica-
tions. This, therefore, has provided an entire
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new facet to the application of maps — from a
mere descriptive to an analytical medium (Berry,
1987; Parker, 1987).

Since then, the GIS technology has pro-
gressed in step with the advent and development
of computer technology. In its present form,
GIS technology represents a software/hardware
system designed to capture, manage, manipulate,
and analyze geographic data. A typical GIS
software, therefore, will provide the mechanisms
to capture, encode, edit, analyze, compose, and
display spatial data organized as a GIS database;
these functions are categorized as the four major
components of a GIS: data input, data analysis,
data management, and data output (Figure 1)
(Aronoff, 1989; Star and Estes, 1990).

The most crucial component of a GIS is
the database, which contains map layers repre-
senting geographic features organized in a digital

format (Marble and Peuquet, 1983). These map
layers, which are referenced to a standard coor-
dinate system such as the Universal Transverse
Mercator (UTM) or State Plane Coordinate sys-
tems in use today, may be conceptualized as a
stack of floating maps tied to a common map
base (Figure 2) (Avery and Berlin, 1992). Each
map layer can be independently accessed, and
when combined, information and related attrib-
utes from individual layers can be correctly ref-
erenced to one another from a spatial standpoint.

In addition to the map layers, a GIS da-
tabase also includes data file(s) containing attrib-
ute information associated with each map fea-
ture. For instance, a map layer of the road net-
work of an area may include such information as
road name, road type, physical distance, class
type, and address range. Through a relational
database management system the attribute infor-
mation for each map feature in the database can

Figure 1
Components of a GIS include Data Input, Data Analysis, Data Management, and Data Output
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be queried or accessed for manipulation.

GIS Spatial Analysis and Business-Related
Applications

The analysis component, the most critical
function of a GIS, involves the manipulation of
map layers, individually or in combination, to
identify locations that satisfy a set of given crite-
ria. The operations in this function include: a)
map reclassification; b) map overlay; c) neigh-
borhood characterization; and d) connectivity (or
network) analysis (Berry, 1987). A typical GIS
software, therefore, will provide a specific num-
ber of commands that can be selectively com-
bined to perform these tasks, whereby various
analysis models may be implemented by the user.

In the 1980s, niche marketing, whereby
consumers were targeted based on demographic
and socio-economic characteristics, was intro-
duced to the business community. The ability of
GIS to “layer” spatial information within a
neighborhood or other predefined geographic re-
gion made it the ideal tool for such application.
Using the technology, an entrepreneur can
quickly identify potential market areas, based on
spatial coincidence among various geode-
mographic data -- age, sex, income, and racial
background, etc. Neighborhoods could be
“clustered” into categories and defined by demo-
graphic data and lifestyle surveys. Additionally,
through the relational database management sys-
tem, the user can rapidly access attribute infor-
mation about mapped features, and more impor-

Figure 2
A GIS database may be conceptualized as a stack of floating map layers
rgistered to a common map base.
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tantly, query the database and selectively identify
features or regions that meet a set of given crite-
ria.

Environmental scientists, planners, and
resource managers have long utilized GIS as a
research and planning tool (Goodchild, 1987;
Burrough, 1989; Antennucci, et al., 1992). To-
day, this potential is being increasingly recog-
nized and capitalized upon in the business com-
munity, and its ability to provide solutions to
“what-if” scenarios may be the most effective
GIS analysis strategy for business applications.

Predictive modeling allows sets of geo-
graphic information to be overlaid to identify re-
gions or locations based on spatial coincidence of
factors that meet given conditions. For instance,
in urban landuse planning, potential sites for
proposed development may be modeled based on
analysis of the interactions of developmental ob-
jectives, environmental, economic, and political
factors. The greatest advantage of predictive
modeling is its ability to pose “what if” scenarios
concerning environmental, demographic, and
political factors. For example, GIS can be util-
ized for a site suitability analysis, such as identi-
fying locations suitable for a proposed develop-
ment or business (e.g., housing, agriculture,
factories, shopping malls, etc.) or to predict the
impact of proposed urban development on the
surrounding  environment and  population
(Aronoff, 1989; Lo and Shipman, 1990).

Other GIS functions with extensive po-
tential in marketing are the address-matching and
network analysis applications. Given a street ad-
dress, an address-matching operation will pin-
point its precise location using the beginning and
ending address range on the identified street
segment. The basic requirement for address-
matching is a map layer of road networks, with
each road segment identified: road name, road
type, and the beginning and ending address
range. This function allows businesses to locate
essential facilities and properties on a map.

Network analysis enables the user to de-
termine optimum routing, as well as resource

allocation along predefined routes. The former
provides a solution to the classic “traveling
salesman’s dilemma”, and the latter provides a
solution to resource distribution and identifica-
tion of potential markets in terms of accessibility
to business locations.

A number of businesses have, in recent
years, begun using GIS frequently as a planning
and decision-making tool. Hilton Corporation,
for instance, made use of GIS technology for lo-
cating suitable casino sites by identifying local
population-base gaming markets through analysis
of demographic, socio-economic, and psy-
chographic information (Wendelken, 1995). In
another successful use of the technology, Sylva-
nia employs GIS to provide market performance
information as a service to its distributors
(Wendelken, 1994). Lichliter, Jameson & Asso-
ciates, a Houston-based consulting engineering
firm, effectively employed GIS to assist in their
transportation planning and engineering projects,
such as the construction of a 200-mph passenger
rail system serving Houston, Dallas, Austin, and
San Antonio (Lang, 1994). With the help of
GIS, the Wolfgang Puck Cafe chain identified
potential customers for its Cafe located in Uni-
versal City, California, using 1990 census data
and five-year projected information overlaid on
geographic zip code boundaries (Specht, 1996).

GIS Database Sources

The development of a GIS database is the
most fundamental, and perhaps the most critical
stage in a GIS operation. It is a very time-
consuming task, and represents approximately
80% of the effort in any GIS operation. The task
involves the generation of map layers in a digital
format compatible with the GIS software to be
used. The required information may have to be
digitized from available maps or aerial photo-
graphs, or may be purchased from government
organizations or commercial sources.

The two most commonly used street and
highway databases are produced by the U.S.

~ government. These are the Digital Line Graphs
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(DLGs) produced by the U.S. Geological Sur-
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vey, and the Topologically Integrated Geo-
graphic Encoding and Referencing (TIGER/line)
files from the U.S. Bureau of the Census
(USBC). Additionally, census/demographic data
based on county and census tracts are also avail-
able from USBC.

Commercial companies are important
sources of geographic, demographic, business,
and natural resource and environment data.
EtakMAP, for instance, provides highly accu-
rate, large-scale digital basemaps of roads, ad-
dresses, ZIP Codes, Metropolitan Statistical Area
(MSA) Boundaries, and related map features.
Other commercial sources include Claritas, Geo-
graphic Data Technology, DataMap, SMI,
EarthInfo, and MapInfo.

Before the data can be entered into a GIS
database, they must be transformed or encoded
to a format compatible with the GIS software
being used. Most data sources will provide the
necessary interface for the conversion. Likewise,
most GIS software also provides the option to
convert data from a variety of recognized for-
mats. This not only provides an avenue for cap-
turing data from a variety of sources, but also the
possibility of acquiring output data from other
GIS software using a different format from that
employed by your system.

GIS Investments: How and Where To Begin

Although much has been written about
the usefulness of GIS, little has been published to
help businesses embrace the technology. A num-
ber of questions relating to software/hardware
investments, data sources and database develop-
ment, degree of expertise and training needs, and
personnel requirements need to be addressed.

Involvement in GIS applications includes
a wide spectrum of options, and commitment to
such an undertaking depends on the needs and
scope of the enterprise’s objectives. At one end
of the spectrum are businesses or corporations
whose day-to-day activities require “in-house”
GIS with a full range of GIS capabilities. This
will require large investments in a comprehen-
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sive GIS software (e.g. ARC/INFO), the appro-
priate hardware (computers and peripherals), and
employment of trained personnel to operate the
system. At the other extreme are those businesses
that will certainly benefit from GIS, but whose
infrequent needs for the technology may not jus-
tify such an investment.

The majority of businesses are in be-
tween the two extremes, and will require fre-
quent use of the technology, but do not have the
need for a full range of GIS capabilities. In such
cases, the users are typically the managers, who
require instant access to GIS analysis and query-
ing capabilities to assist in their decision-making
process. For the most part, they are not and will
not be involved in the tedious data capture or ed-
iting tasks. One solution to this requirement is an
investment in the so-called “Managers’ GIS”
software (e.g. ARCVIEW), designed primarily
to provide GIS analysis and output capabilities.
The advantage to this solution is that it requires
minimum training, providing the users the capa-
bilities to perform complex GIS and map design
operation. Because it provides neither data cap-
ture nor editing functions, these operations can-
not be performed “in house”, and required data
will have to be either purchased or developed
through contracts with commercial enterprises.

Depending on the nature and scope of
the business, the level of investment in the tech-
nology will vary among individual businesses,
and therefore, the initial step should be to iden-
tify one’s needs. The process of identifying one’s
needs involves confronting a host of questions,
the most pertinent of which include: The fre-
quency and volume of usage, the nature and
amount of data required, possible sources of
data, and how much of the data is already avail-
able, and most importantly, the availability of
trained personnel to operate the system. The an-
swers to these questions will indicate the level of
investment needed, and once these issues have
been resolved, one must investigate the appropri-
ate software/hardware system in which to invest.
This can be a rather difficult step because of the
variety of systems available in the market, and
the numerous sources of information giving so
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many conflicting impressions.

In the choice of an appropriate soft-
ware/hardware system, the critical question to
address is the nature of the work, or project,
with which the system is to be used. Are you in-
terested only in map production, or does your
requirement go beyond cartographic output? One
obvious source of information are the vendors of
the systems themselves, as they will be the most
well-versed in their own product. However, one
should be wary and may not expect an objective
opinion from a vendor. Since a vendor will stand
to gain by persuading you to invest in its prod-
ucts, a “discussion” may quickly turn into a sales
pitch, geared towards persuading rather than in-
forming.

Another option is to communicate with
other businesses that are already involved in the
technology. One can certainly profit from their
experiences, and avoid any pitfalls they might
have encountered. However, their decisions have
already been made, and most are not likely to be
knowledgeable on all aspects of what is avail-
able, even if they are technically proficient in the
software they use. Additionally, a system that
may work well in someone else’s operation may
not necessarily be applicable to your own opera-
tion.

Universities or colleges that have GIS
programs are important alternative sources of in-
formation. These programs, usually housed
within the geography department, are usually
equipped with complete GIS software/hardware
systems, with excellent faculty resources sup-
porting the institution’s academic and research
programs. Such a facility will be an invaluable
source of information and advice, able to address
all your questions objectively, help identify your
needs, and provide useful advice on the level of
investment to meet your requirements. One can
even schedule a tour of their facilities, and obtain
“hands-on” knowledge about the type of systems
in which one might be interested. In this in-
stance, one is not dealing with a salesperson, and
will not be subject to any sales pressure.
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Establishing contact with an educational
institution can be beneficial beyond information
gathering. For businesses that intend to invest in
an in-house GIS, the faculty and the department
can provide the necessary training, personnel and
technical support during the early stages of their
endeavor into the technology. Such support, pro-
vided either by the faculty, or students under the
supervision of the faculty, is invaluable in help-
ing to alleviate the “growing pain” that usually
accompanies a new technology. One can cer-
tainly capitalize on their experiences and re-
sources to ensure a smooth and quick transition
into the new technology with a minimum of dif-
ficulty.

For those businesses that do not want to
invest in “in-house” GIS, an educational institu-
tion can also be of service. Such businesses may
contract with the institution to undertake the GIS
analyses as research projects. Under such a con-
tract the institution and the facility involved will
undertake the GIS analysis to meet the business’s
criteria, and provide the end-products agreed
upon. This is analogous to having your car fixed
by a specialized mechanics, without having to do
it yourself, and invest in a workshop, tools or
training. The institution will undertake the neces-
sary research, perform the needed analysis, and
produce the results. Very often, it also involves a
close working relationship with the responsible
investigators or individuals to ensure that the re-
search, analysis, and output conform to your re-
quirement.

To those businesses that do not intend to
invest in a complete in-house GIS, but do require
GIS analysis and querying capabilities, the insti-
tution is the best source of technical, resource,
and data support, particularly if the data required
are not commercially available. One can easily
contract with the institution to undertake the la-
borious tasks of data capture to develop the ap-
propriate GIS database. Since the laboratory in
such an institution is already equipped with the
necessary  software/hardware systems, and
trained staff to undertake the tasks, it provides a
very cost-effective means to obtain the required
data, freeing the GIS user to allocate his/her time
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more efficiently in performing the critical deci-
sion-making tasks.

Business certainly can benefit from es-
tablishing a good working relationship with edu-
cational institutions, and most institutions will
~ welcome the financial support for their students.
Therefore, it certainly will be a smart move to
investigate such facilities, to assess their capa-
bilities, and to ensure that they can adequately
serve your needs.

Conclusions

Geographic information systems have
been increasingly accepted as a potential decision
making tool in the business community. Its appli-
cations for database query, predictive modeling,
address matching, and resource routing and allo-
cation can be effectively applied to offer solu-
tions to businesses to help formulate develop-
mental and investment policies. However, in-
vestments in the technology have to be carefully
considered. While hardware and software may
be the tangible components of a system, one
should not overlook the need for investments in
database development, and most importantly,
trained personnel. Governmental agencies and
commercial enterprises may be critical sources of
data needed for the development of a GIS data-
base. However, when the required data are not
readily available and need to be captured, busi-
nesses may also capitalize on the expertise and
resources of universities and institutions of
higher education to assist in these tasks. Addi-
tionally, they can provide technical and data sup-
port in their day-to-day operations.

Suggestions For Future Research

This paper provides a starting point for
the understanding of GIS as a technology, and
its potential for business applications. For busi-
nesses who are interested in embracing the tech-
nology, future research along the lines proposed
in this paper would do well to (1) critically in-
vestigate the need for the technology, and (2) its
investment costs. As stated in the paper, educa-
tional institutions are invaluable sources of in-
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formation and assistance to address these issues.
Apart from commercial software/hardware ven-
dors, GIS-related trade shows, conventions, and
training workshops could also provide attendees
avenues to achieve greater understanding and
appreciation of the investment needs.
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