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INTRODUCTION

Geographic information system (GIS) implementation
and management can be a complex subject. It requires
substanial background and skills, not only in GIS but in
Information Techology (IT), management, and project
management. One of the hardest aspects is putting all
the pieces together—identifying, organizing, planning,
and managing all the components of GIS
implementation and management. For a GIS effort to
be successtul, all of these components must be carefully
coordinated and integrated.

This Quick Study provides an overview of GIS
implementation and management. It discusses the
steps and activities involved in implementing a GIS
project or program, as well management approaches
and issues related to various aspects of GIS. Thisis a
generalized, introductory-level guide that is intended
to provide a framework for approaching GIS
implementation and management. It references other
sources that provide more in-depth discussion of
particular topics.

Types of GISs
A GIS comprises system components, data, people,
and procedures. All of these must be considered

equally and together when implementing and
managing a GIS.

GISs can be classified as projects and programs,
ranging from small efforts to large complex
undertakings. A project is a one-time effort,
developing a GIS that will serve a specific short-term
project. Examples of such projects might include the
performance of an environmental analysis, the
development of a long-range land use plan, or the
design of a park. Most GISs, however, don’t usually
disappear when the designated project is over. The
GIS developed to plan and construct a facility such
as a park or a community could then become a long-
term management tool for that facility. Ongoing GISs
are often termed programs. Although they may start
out as projects, the goal of these programs is to
develop a lasting facility that will aide the
organization’s work. A GIS project or program may
be small and simple, involving limited software, data,
and users; it may be large and complex, involving
myriad data sets, applications, and users and complex
systems and databases; or it could fall anywhere in
between (Somers 2002).
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Organizational Approaches to GIS
Implementation and Management
Different types of organizations implement GISs
differently. Although each organization’s GIS is
unique, their implementation approaches and GIS
characteristics can be characterized by organization

type.

Most local government GISs are multipurpose,
comprehensive, enterprise-wide systems. They are
designed to serve most of the organization’s spatial
data handling needs, integrate its spatial data, and
make the data accessible to all users and departments.
The data are usually large scale, based on high-
accuracy parcel information, although local
governments also use some smaller-scale, generalized
data (FGDC 1997). Most local governments use a
coordinated GIS implementation approach that
minimizes redundancy and incompatibilities in data
and systems. Leveraging GIS efforts and assets is
important to local governments because these
systems can be very expensive.

The approaches that utilities, private sector firms,and
other organizations take in developing and running
their GISs have some similarities with local
government approaches, but also some differences.
Utilities, like local governments, develop
comprehensive spatial data systems and integrate
them with other data and systems, such as facilities
management, work order management, customer
information, and facilities modeling. Also like local
governments, much of utilities’ critical information
is high-accuracy, high-resolution data, although they
also user smaller scale data over large areas.

Private-sector organizations, on the other hand, often
take less comprehensive approaches to GIS

development. For example, the GIS resources
developed in professional services firms are usually
intended to serve specific projects or clients. The data
and applications developed for each project may have
no relation to those developed for other projects, so
project GISs are implemented independently,
focusing only on each project’s needs. The
independent development of specific GISs within an
organization is a business-tools approach. This
approach is also used by other types of companies
that develop limited GISs to serve such functional
areas as marketing, customer service, and facilities
planning. These GISs may cover the same geographic
areas, but the costs of developing them are usually low,
business units are independent, and the costs of
coordination may outweigh the savings achieved by
coordination efforts. Still other organizations take a
service-resource approach to GIS development. In
this model, GIS support services, and perhaps data
resources, are developed and made available to the
operating units. This approach benefits the operating
units and the company as a whole, but does not
involve the extensive coordination, comprehensive
planning, and enforced standards that the enterprise
approach does (Somers 1998,2002).

Perspective of This Quick Study

To simplify and integrate discussion, as well as to
ensure that the material is most relevant to those
developing GISs in urban and regional settings, this
Quick Study approaches the topic mostly from the
perspective of developing and managing a typical
local government GIS. However, the discussion is just
as pertinent to other types of organizations following
the other GIS organization models.
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GIS IMPLEMENTATION

The first aspect of understanding and successfully
accomplishing GIS implementation and management
is to fully understand the GIS implementation
process.

Overview of the GIS

Implementation Process

Although organizations differ in the types of GISs
they build, most follow the same basic GIS
implementation process. It is a structured process that
ensures that the GIS will meet users’ needs. This
discussion focuses on the implementation steps
themselves and the technical components they yeild,
but there also are management aspects to each
activity.

The process involves five basic phases:

planning—defining the scope of the GIS and
developing a general plan;
analysis—determining users’ specific GIS
requirements;

design—integrating all requirements and
developing GIS specifications;

acquisition and development—acquiring
software, hardware, and data, and putting them

Plan
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[ ¥
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Maintain

(Somers 1993-2001)

Figure 1: The GIS Implementation Process

together in a system tailored to the
organization; and

operations and maintenance—using the GIS and
maintaining the system.

The process is illustrated in Figure 1. It includes
feedback loops from each step indicating that
information gained in one task may require re-
examining a previous task. For example, analysis of
users data needs in step two may necessitate going
back to the planning step and re-examining goals or
increasing the budget to accommodate the needed
data. (Somers 1996, 2002).
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The following discussion provides an overview of
these tasks from the viewpoint of a GIS program of
moderate to high complexity, to ensure that all points
can be covered. The tasks discussed are crucial for GIS
programs of this type. The same tasks and
considerations also apply to simpler and smaller GIS
projects and programs, but can be more easily
accomplished for those types of efforts.

Planning a GIS

Planning is the first step in developing any GIS.
Thorough planning lays a solid foundation for all the
subsequent steps of GIS implementation and helps
an organization avoid costly mistakes. Whatever the
size or type of the GIS, it is necessary to address some
basic aspects before moving ahead with detailed
technical work.

Define the scope and nature of the GIS. Determine
the long-term purpose and role of the GIS.

Will it be a one-time project or an ongoing
program?

Will it be used for all the organization’s spatial
data handling or for only a specific subset of
functions, such as mapping?

Will most people in the organization use it or will
users be limited in number or job function?
Will this GIS activity be part of alarger GIS effort?
Will spatial data and technology be integrated
with the organization’s other data and systems?
Will GIS change the way the organization does
business or will its impacts be limited?

These questions help establish the scope and character
of the GIS—whether it will be a simple work tool
limited to specific tasks, an enterprise-wide
framework that organizes and integrates spatial data
and changes the way the organization operates, or
anywhere in between. The scope of the GIS guides all
of the remaining planning tasks and implementation
tasks (Somers 1996, 2002).

Identify the required participants and resources.
The scope of the GIS determines the resources and
that will be required to define and implement it.
Consider several perspectives.

Users and stakeholders. Ensure that the end-users
and beneficiaries are adequately involved. For
example, if the GIS will be an enterprise-wide
system serving many different types of uses and
applications in many departments, then
representatives from those areas must be involved
in the GIS definition, design, and
implementation. They represent the end-user
perspectives and their involvement will ensure
that all users’ requirements are met.
Management and policy makers. Large enterprise
GISs often require the involvement of top
management and policy makers to ensure that the
GIS fulfills their organizational vision, as well as
to ensure that it has their support.

Required skills. What skills will be needed to carry
out GIS implementation? The scope and nature
of the GIS effort will determine the expertise
required to design and implement it. Required
skills might be added through education and
training, including specific people on the team,
or obtaining outside assistance. It is important to
recognize which activities and skills can be
developed or obtained in-house and which ones
require outside assistance. Consultants can help
with complex tasks requiring specific GIS
knowledge and experience, such as GIS strategic
planning, requirements analysis, system and
database design, procurement assistance, and
implementation planning. Contractors can also
perform major system building tasks such as
systems integration, application development,
and data development. Crucial tasks that must be
handled by organizational staft, however, include
project management, leadership, and active
participation in analysis, design,
implementation.

and
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Project management and leadership. For GIS efforts of
even modest size, it is usually necessary to form a
team and assign a leader. Even if things appear
simple at this stage, they will get much more complex
in the course of developing the GIS and a project
manager will be necessary (Somers 2002).

Arrange for appropriate GIS education and
background information. To work effectively, most
GIS implementors and participants require some
GIS education. Providing organized GIS education
in the planning phase is especially important for
large projects with many diverse participants. Each
participant must attain an appropriate level of GIS
knowledge to participate effectively in the planning
and analysis activities. This may involve taking short
courses, attending GIS conferences or trade shows,
reading, or attending in-house educational events.
In any case, education should be tailored to
individuals in terms of their backgrounds, how they
will use the GIS, and how they will participate in the
GIS development process (Somers 1993—2001,
2002).

Develop resource and benefit estimates. The scope
of the GIS determines initial estimates. The nature of
the uses, the data, and the system provide indicators
of costs. General estimates can be developed based
on these factors: whether there will be a few users or
hundreds of users; whether the largest portion will
be using professional GIS, desktop, or Web-based
systems; whether there will be a handful of data sets
or hundreds; and whether the data will be large- or
small-scale. These factors will provide indications of
general cost levels—whether the GIS will cost
hundreds, thousands, or millions of dollars. Likewise,
the scope and nature of the GIS provide general
indicators of benefits levels. Moderate benefits will be
gained from map creation; larger benefits can be
gained from data and map update; and the highest
levels of benefits can be realized from data access,
manipulation, and analysis. Together, these estimates
can provide a broad picture of the money, time, and

effort required to implement the GIS and the benefits
the system will provide. (Somers 1993—2001,2002).

Conduct Strategic Planning. Planning a large
complex GIS may take months. For these types of
projects a formal GIS strategic planning approach is
required. Planning a smaller, simpler effort may take
only a few days and may be done through an informal,
yet still analytical method. In any case, however,
questions concerning the scope of the GIS, the
participants and their roles and skills, and resource
requirements must be addressed before moving on
(Somers 1996, 2002). GIS strategic planning is
described in Somers (1999b).

Analyzing Requirements

Although people usually have general ideas of what they
need froma GIS, specific requirements analysis is needed
to provide the necessary detailed information for
successful GIS implementation. In this task, the future
uses of GIS and the current spatial data handling
situation are examined in analytical detail. The goal is
to identify the functional and data needs of the GIS
participants and users, as well as the organizational
environment.

Analysis process. Identify all the work processes that
involve spatial data and will use GIS. The GIS scope
defined in the planning task guides the identification
of these processes and users. In large organizations
where GIS will be widely used , this can be a complex
task,and it is common to miss future GIS users—they
may be using non-graphic forms of spatial data today
and not be apparent future GIS users. It is important
to identify as many of the future users of the GIS as
possible, even if they may not come online for a long
time. Analyzing their future needs and building those
GIS design and
implementation will ensure that the system can be
expanded to accommodate them when the time
comes.

considerations into the
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A business process analysis approach is very useful
in analyzing GIS requirements. This approach
examines each current and planned work process and
identifies the steps and the data involved. It focuses
on the goal, input, output, and steps of the process
and the data used to perform it. Tasks and decisions
performed by individuals and work units are mapped
out. Specific data, sources, characteristics, and flows
and links to other work processes and systems are
identified. In the course of the analysis, desired
changes are also noted, based on the incorporation
of GIS into the process and any other changes the
organization may be planning. The goal is to define
future GIS-based work processes. This business
process analysis method provides all the components
that describe each user’s GIS needs. Another benefit
of this approach is that it prevents the mere
transposition of current manual operations into
GIS—thereby helping users and organizations make
the best use of the power of GIS technology.

The organizational environment must also be
considered. It presents conditions, constraints, and
opportunities that affect GIS requirements and
business process analysis. For example, the
organization may have standards that must be
followed, regulatory requirements to meet, or policies
that affect the way it does business and the way GIS
must fit that business, and these conditions must be
factored in. They may affect individual work processes
as well as the overall requirements for the GIS (Somers
1993—2001, 2002).

Performing the analysis. The requirements analysis
is accomplished through user interviews and work
sessions. If the planned GIS is small this task may be
relatively simple, but it should still be approached
using analytical methods that will produce the
required information. The implementor must take a
close look at how he or she intends to work and
beware of assumptions about data and software. He
or she must also be sure to identify the individual
work processes and planned uses of the GIS. They

may involve different data and functionality
requirements.

Usually, a planned GIS involves many users
performing many different work processes in different
parts of the organization. They have different
viewpoints, different missions and activities, and
different needs for spatial data and processing tools.
The GIS implementor or analyst must work with each
individual user or group to perform the business
process analysis. The analyst needs skill and
experience in business process analysis to do this
effectively. Users’ GIS education, provided in the
planning task, also is important. They need to
understand the basic tools that GIS can provide in
order to effectively collaborate with the analyst to
design their future GIS work process and to ensure
that all their requirements are addressed (Somers
1993—2001, 2002).

Analysis results. The requirements analysis results
in a clear,documented specification of users’ detailed
GIS needs as well as organizational support factors.
There are several major products.

A description and diagram of each future GIS
work process and its functional and data needs.
Many of these future work processes will become
applications.

Any constraints, opportunities, or problems
associated with individual work processes, user
groups, or the organization a whole.

The expected benefits and costs of the GIS.
Benefits, such as decreases in work time or staff
levels and increases in levels of service are
identified in the course of analyzing each work
process and the improvements that GIS will bring
to it. Cost estimates are improved through
analysis of the work processes that provides
information about required GIS data and
functionality requirements, and the number of
people who will use various GIS components.
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Some of this information will contribute to the
technical implementation of the GIS; some will be
used in the project and GIS management
components. All of these products are necessary to
build an effective GIS, but they are just pieces—they
are not sufficient to proceed with GIS
implementation. They must be put together in the
next step (Somers 1993—2001, 2002).

Designing the GIS

The design task involves putting the components
together: determining the characteristics and
combination of software, hardware, data, processes,
and people that will meet the organization’s GIS needs.
The challenge is to combine the organization’s overall
goals for GIS and the specific needs of the diverse
users and applications, while developing an integrated
and effective design. Developing this design is a
crucial step prior to obtaining and implementing any
GIS components.

Database design. Data are the most important
compoment of a GIS and should be given primary
consideration. Case studies and industry experience
indicate that organizations generally spend the largest
portion—as much as 80%—of their GIS budgets on
data. Accordingly, the largest portion of effort and
consideration should be spent on the GIS data—
rather than the disproportional attention most people
devote to technology. A GIS is, after all, a tool to use
and maintain spatial data, so system design should
focus on the data needed to do the organization’s work
and how they are to be handled.

Detailed discussions of GIS databases and their
design can be found in various sources including
university, professional certificate, and professional
association courses, as well as publications such as
Bossler (2002) and Walls (1999). At this point in the
GIS development process, each organization must
define its own GIS database. The individual data
requirements of users and work processes are

combined into an integrated design. The goal is
usually to develop one version of a shared database
that meets all users’ needs with minimum redundancy
and maximum usefulness and accessibility. The
design addresses several aspects of the data.

Data characteristics are defined to suit the
combined users’ requirements. Each data entity
is described in terms of data type, format,
accuracy or resolution, attributes,amount, source,
and maintenance responsibility and standards.
Data relationships are identified and described
through a data model.

Data access and handling requirements are
described, ensuring that each user and
application will have access to needed data in
required form.

Data security needs are identified.

Temporal aspects are identified to support
applications and data management functions
such as time series analysis, planning senarios,
backup, archive, and retrieval.

Metadata are identified at the appropriate level
and in terms of how they will be used.

The landbase or basemap is defined, based on
users’ needs. Content, accuracy, and maintenance
procedures for this data set will affect most
applications and users. This data set usually
involves some of the largest creation or conversion
costs, but also may provide opportunities for direct
purchase and/or sharing.

For alarge organization developing an enterprise GIS,
the database design can be a very complex process,
but it is necessary to fully support future applications
and system growth and integration. Although it is
possible to load data into a GIS without a complete
data model, its future usefulness will be limited
(Somers 2002).
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Software and applications. The required functions
of the GIS software and applications are derived from
the users’ operational needs and the database support
requirements. GIS software is discussed in a number
of sources, including Bossler (2002) and Clarke
(2000). As with the database design, the design step
is the point at which an organization identifies its
specific software needs to support its specific
applications and environment. This is not yet the
point to select software, but to develop a
comprehensive description of what will be needed in
terms of functionality. There are several important
aspects to consider:

Applications support. What functions will the
applications perform and what basic GIS software
tools will be needed to support applications
development?

Data support. What functions and features are
needed to support the database design in
creation, operation, use, and maintenance
activities?

Data access. What types of data access tools will
be needed by users?

Data integration. What are the data and systems
integration requirements?

Performance. What are the performance
requirements for applications and for other
aspects of system operation?

Large organizations implementing enterprise GISs
usually try to minimize the number of different GIS
software packages that they use. Software compatibility
among users is important not just for data sharing, but
also for system support. Therefore, these organizations
seek to develop a comprehensive set of system
specifications that will help them choose a suite of
products that will meet all users’ needs. Someone
developing a GIS solely for their own use has more
latitude in choosing whichever software package most
closely matches their specific needs, but they may want
to consider outside compatibility and standards for the
purposes of future data sharing (Somers 2002).

Overall system design and integration. The
organization’s needs for data and systems interfaces
and integration are derived in the planning and
requirements analysis tasks. At this point, those needs
must be examined and defined in terms of the system
design—specifically which data or aspects of the GIS
must interface or integrate with other data and
systems. A small GIS may be a viable stand-alone
system for a specific user or project. Larger
organizations, such as local governments, usually
must integrate their GISs with systems and databases
that support functions such as permitting, emergency
response, and asset inventory and management
(Somers 2002).

Management components. The GIS design should
include not only the technical components of the
system but also the management components that will
support them. Standards and procedures for database
development, data maintenance, data management,
system support and management, user support, and
project management and coordination must be
developed, based on the characteristics of the GIS
design and the environment and users that are to be
supported. It is necessary to develop the management
design at this stage because it affects other aspects of
design as they affect it. For example, if a certain data
set is unsupportable as initially designed, it must be
redesigned now. Another reason that the management
components must be designed now is that some of
the components will soon be needed in the
implementation process (Somers 2002).

Design results. The design activity results in several
important products:

database design, including data descriptions, data
model, and metadata specifications;
applications descriptions;

correlations among data, application, and users;
general architecture for the GIS system and its
integration with other systems and databases;
management and organization components (see
next section for discussion);
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cost/benefit analysis and budget (see next section
for discussion); and

an implementation plan (see next section for
discussion).

All of these components work together so they must
be developed and completed together. If emphasis is
given to some aspects while others are neglected, the
GIS components can get out of sync, leading to later
problems (Somers 2002). Detailed discussions of the
GIS design process can be found in DeMers (2000)
and Marble (1994).

Building the GIS

The process of acquiring and developing GIS
components and building them into the needed GIS
should be a straightforward, albeit complex, process
that flows directly from the requirements analysis and
design. To many, the task of GIS procurement—
understanding and choosing among the many
alternatives—is daunting. However, if the work done
in the requirements analysis and design tasks is
thorough, then selecting, procuring, and developing
GIS components should not be difficult. It may still
be complex and time- and resource-consuming, but
the decisions and tasks should be results of following
the specifications and plans developed in the design
phase. It is a matter of transforming the GIS
requirements into product and task specifications and
evaluating available components and methods
according to criteria developed during the
requirements analysis. The main GIS components to
be acquired usually are GIS software and hardware,
applications, data, and systems integration. A variety
of system and data development activities may also
be required to complete the GIS components,
including applications and other software
development, database design,and system installation
and integration (Somers 1993—2001, 2002).

GIS systems and applications. GIS software is often

what people focus on in GIS acquisition, but the other
components are equally important and must be
integrated. GIS software packages provide the basic
tools for input, editing, storage, maintenance,
management, access and retrieval, manipulation,
analysis, display and output of spatial data. (These
tools and packages and their capabilities are described
in a number of sources, including Bossler (2002) and
Clarke (2000).) These packages alone may satisty
some users needs,and most applications will be built
with these tools. So the challenge is to select the GIS
package or software suite that best meets the
organization’s needs. A detailed specification is crucial
in doing this. It provides the standard against which
all alternatives will be evaluated. GIS hardware needs
are usually determined by the software capabilities
and data that must be supported, as well as the
organization’s other systems environment
considerations. GIS system components are usually
bought off-the-shelf, if possible. Some applications
packages are also available; others must be developed
to specification. Organizations then further tailor and
integrate these components as needed (Somers
1993—2001, 2002).

Data. Database implementation also presents many
options. Depending on the type of data needed, the
data sources available, and the costs associated with
different sources and methods, an organization may
choose to buy, license, collect, or convert the needed
spatial data. And within each of these different source
and method categories there are many choices. As
with software selection, the challenge is to find the
most cost-effective alternative that meets the
organization’s needs, and the way to do this is to have
adetailed data specification against which to compare
alternatives. If the organization is developing or
converting the data itself, then the detailed
specification provides the guidelines for performing
those tasks.

For many organizations—particularly local
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governments—database development will be the
biggest part of their GIS effort. So to ensure cost-
effective and timely data development, many
organizations contract out the creation and
conversion of their data. Local governments, for
example, often contract out their basemap
(planimetric, topographic, geodetic control, and
digital orthophoto) creation and parcel data
conversion. Other types of organizations may acquire
GIS as a tool to handle the data they create or obtain
in the course of their operations and may have little
or no basemap development needs. Still other
organizations buy or license much of their data
(Somers 1996). Many different books and papers
discuss different types of GIS data development. GIS
implementors must identify the methods that suit
their particular GIS data and adapt basic spatial data
input processes to their own specifications.

Whatever the method or source for data development,
quality assurance must be given the highest attention.
Quality control requirements should be built into the
request for proposal (RFP) or data development
specifications; the vendor or production group must
respond to them, assuring the quality of the data
throughout the creation process; and the user must
verify data quality upon delivery and maintain it
thereafter. Data quality and other qualifications
should also be documented in the metadata (Somers
1993—2001, 2002).

Systems integration. Organizations today—
particularly local governments—need their
systems and data to work together in an enterprise
mode to handle their day-to-day needs efficiently,
as well as to respond quickly to new needs and
emergencies. Although many GISs still exist as
stand-alone systems, the increased activity in data
transfers and systems interfaces, and the increasing
demand that this occur immediately and
transparently, makes this integration need clear.
The overall GIS design will indicate the needs for
system integration, and it is usually most efficient
to handle systems integration concurrent with GIS

system components and data development.
Although systems can be integrated later,
backtracking and extra work and expenditures are
likely to be encountered in that approach.
Therefore, systems integration is increasingly a
common part of GIS acquisition and development.

Procuring GIS products and services. Depending
on the organization and the GIS, any of a variety of
methods may be employed for the acquisition of
system components. Many public
organizations must follow formal RFP procedures.
The GIS design and plan components comprise the
technical specifications while the organization may
supply required “boilerplate” content and procedures.

sector

Other organizations may be free to acquire products
and services through less formal means. In either case,
however, GIS product and service specifications
should be thoroughly documented and the
alternatives should be evaluated against those
specifications. A large, formal selection process
usually involves evaluating written responses to the
RFP specifications, and then meeting with short-
listed vendors to conduct a more detailed evaluation.
Evaluation criteria include not only the vendor’s
response to the specifications and requirements, but
also their demonstrated ability to meet the
organization’s needs, experience, track record, costs,
and other factors identified in advance. Implementors
of small GISs may not have the resources or
opportunities to conduct such an in-depth evaluation,
but should still screen vendors according to
documented requirements, and then look more
closely at a small set of viable alternatives. Managing
GIS product and service contracts effectively is as
important as making the right vendor selection. Clear
contract operating procedures, plans, and schedules
must be developed, and reports must be regular and
useful. Vendor responsibilities and deliverables must
be clearly specified and the client’s responsibilities
must be also specified and agreed upon (Somers
2002). A detailed discussion of GIS procurement and
RFP development can be found in Ibaugh (2001a).
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Operating the GIS

For most organizations, putting a GIS into operation
isalengthy process that requires careful management.
The organization must be able to continue its work
without interruption or slowdown while the GIS is
being implemented. And for local governments and
other large GISs, this could take years.

In most organizations, a large GIS is implemented in
phases for two main reasons: 1) there are usually too
many datasets, system components, and applications
to implement all at once, and 2) providing early
products from the system builds acceptance. Deciding
which data to develop first and/or which users to
supply with system access depends on the analysis
done in the design task. That analysis should reveal
factors such as which applications and users need
which data sets and software functionality and what
the costs and benefits of those applications will be.
These factors, in addition to other organizational
priorities and opportunities, will reveal advantageous
starting points. Organizations often choose to
implement those parts of the system that require the
least amount of time, money, and effort in order to
get early, cost-effective benefits from the GIS. The
demonstration of early GIS use can often satisfy many
users and managers and build support and resources
for further development.

For complex applications and aspects of the system,
organizations also develop pilot projects before
proceeding with full implementation. The pilot
project comprises a representative, yet relatively small,
set of the data, system capabilities, applications, and
procedures. It gives the GIS implementors and users
the opportunity to evaluate the software, data, and
procedures and make necessary changes before
committing full funding and effort. In addition to
phased development and pilot projects, there are other
considerations and methods for introducing GIS
operations into the organization, including
developing test systems, operating parallel systems,
and managing switchovers. (Somers 2002)

Finally, recognize that the GIS is not “finished” when
it is put into operation. This is just the beginning of
the next phase of the system life cycle. In addition to
operating the GIS, ongoing system enhancements are
usually required, particularly for large enterprise-
wide GISs. An important aspect of successfully
handling the life cycle is user feedback—a very
important feedback loop in this process. The next
section discusses some of the key aspects of GIS
operations management.
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GIS MANAGEMENT

Management approaches are as important to GIS
success as are technical matters. Furthermore, all
phases and components of GIS development and
operation have management aspects.

Some of the key components of GIS management
include:

managing the GIS implementation process;
developing an implementation plan;

budgeting and cost/benefit analysis;

managing GIS operations;

developing policies and procedures for GIS
implementation and operation;

organizing and leading GIS participants;
staffing; and

training and education.

Managing the GIS Implementation
Process

Like any technology development project—or any
complex project—managing the GIS implementation
process described in the first section requires good
project management skills. All steps and aspects of
the implementation process must be well managed.
There are myriad sources of information on project

management, including Kerzner (2001). Any GIS
project manager must have knowledge and skill in
these matters and must be able to adapt them to their
GIS project. Like any project, GIS project
management requires:

askilled, experiences, respected project manager;
thorough, well documented planning;

effective monitoring;

effective reporting;

timely adjustments;

effective resource planning and management;
effective communications; and

applying the right resources at the right time.

In addition, however, GIS project management
requires advanced project management skills and
techniques, including:

more complex planning;

adapting to a changing environment;

dealing with uncertainty;

assessing and mitigating risk;

dealing effectively with inherent gaps in
participants’ and management’s understanding of
the technology;
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monitoring multiple activities on different
schedules;

flexibility;

difficulty in obtaining and retaining resources;
increased communication needs;

working with a variety of partners;

changing technology;

accommodating existing technology, data, and
systems; and

leadership.

The required knowledge, skills, and experience can
be a tall order for any manager, let alone a technical
professional with little management experience; yet
this situation is encountered by many GIS managers
who come from a technical or applications-specific
background (Somers 1999—2001).

Developing an Implementation Plan
One of the most important tasks and tools in
managing GIS implementation is developing an
effective implementation plan. As discussed earlier,
the general plan is conceived during the planning task,
then a detailed GIS implementation plan is developed
based on the detailed information identified in the
requirements analysis and developed in the design
task. The implementation plan spells out all tasks
including data development, system acquisition and
development, organizational development, and GIS
management. It describes the tasks, schedule,
resources,and responsibilities for realizing all details
specified in the GIS design, and provides a road map
and management tool for doing so.

A typical implementation plan would include several
key components:

GIS vision and scope;
participants’ roles, responsibilities, and
organization;

GIS design—database design, applications,
software requirements, hardware, requirements,
and integration;

implementation tasks—data acquisition,
creation, and/or conversion; system acquisition
and development; organizational development,
including staffing and training; and task
responsibilities;

implementation schedule, including a detailed
schedule of tasks and milestones;

budget; and

management procedures.

The need for a detailed implementation plan and
project manager is evident for large GIS projects that
can take many years and millions of dollars to
complete. However, detailed planning is necessary
even for small systems. Without a plan, significant
money and time can be lost through mismanagement.
Documenting even a simple plan ensures that all
aspects are covered (Somers 2002).

The implementation process described in the first
section can provide general guidance for developing
an implementation plan, but it is important to note
that every organization’s GIS is unique, and therefore,
every organization must develop its own plan based
on its own needs. And a thorough plan is crucial to
GIS success. The plan itself may contain strategies to
jump-start the GIS implementation, using techniques
and resources discussed by Ibaugh (2001b),but a plan
must still be developed.

Cost/Benefit Analysis and
Budgeting

Two of the key questions for most organizations are
how much will the GIS cost and what is the cost/
benefit tradeoff? The answers for every organization
are different. The resource requirements for any
particular GIS depend on the organization’s needs. So,
as with all other GIS components, the resource
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requirements are derived from the planning, analysis,
and design steps.

Determining costs. Initial cost estimates for the GIS
are established in the planning task. Then in the
analysis and design tasks, detailed information is
collected that provides additional information needed
to calculate costs. The combined costs for the
development and operation of the GIS include the
following components:

hardware purchase, upgrade, and maintenance;
software purchase, development, enhancement,
and upgrade;

software support;

systems integration;

database design and development;

data purchase, license, conversion, collection, and
creation;

data maintenance and enhancement;

data preparation;

quality control and assurance;

training—initial and ongoing;

on the job learning;

recruiting and hiring;

system maintenance and enhancement;

staff;

consulting and services; and

management time.

Unfortunately, there are no simple sources to obtain
these costs. Each organization must estimate them
based on their own requirements analysis,
environment, GIS and systems development
knowledge,and specific quotes from vendors (Somers
1993—2001, 2002).

Cost/benefit analysis. The development and
operational costs are offset by the benefits that the GIS
will provide. Tangible benefits include costs that can
be avoided by using GIS to provide the needed data
or functions and costs that can be reduced by
performing tasks more efficiently with GIS.
Depending on the organization, benefits may also

include income and profit. Intangible benefits are
difficult to quantity and, therefore, cannot be factored
into the numerical part of the cost-benefit analysis,
but they are often some of the most important benefits
and should be identified. Such benefits may include
better products, better service to citizens, and better
planning or analysis results.

Once the costs and benefits have been identified, they
must be transformed into an analysis and an
evaluation method that can be used by the
organization. Some are concerned with total costs vs.
total benefits and payback periods. Others are
interested in comparative measures, such as internal
rate of return or net present value, that they can use
to evaluate GIS investments with respect to other
investments. Therefore, the GIS implementor must
translate the cost/benefit figures into analyses and
measures that can be used effectively by their
organization’s management (Somers 1993—2001,
2002).

Managing GIS Operations

Managing a GIS operation involves many of the same
tasks and issues involved in running any information
system or data center. Key tasks include:

system administration;

data administration and database management;
data access, dissemination, and distribution;
system and data security;

user support;

obtaining user feedback;

development and maintenance of systems
interfaces and integration;

application development and maintenance;
system enhancement and migrations;

ongoing coordination with users, participants,
stakeholders, and management; and

training.
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The strategies, techniques, skills, knowledge required
to successfully perform these tasks are IT-oriented.
This fact alone underscores the important role of IT
management knowledge and skill in GIS
implementation and management. In addition,
however, the specific characteristics of GIS systems,
data, applications, and use require that I'T techniques
be adapted to GIS environments and that staff be
knowledgeable about GIS systems.

In addition to typical IT operations tasks, GIS
environments have some unique demands and tasks.

Database production and maintenance. Typically,
users are responsible for the maintenance of their
own data sets, as they were before GIS, while GIS
management may be responsible for some basic
corporate data such as the landbase. In any event,
however, data production as a task is fairly unique
to GIS environments. In more typical IT
environments, data maintenance is a result of
regular operations. (Of course, this should be a
goal in GIS also, but still, some data sets such as
basemaps require specific maintenance
attention.)

Education. Although any IT shop may be
responsible for making sure that its users are
adequately trained, the need for GIS education
generally exceeds these common training
procedures. This is due to the relative newness of
GIS and may wane in time.

Outreach. Again,because GIS is still relatively new
to most organizations, there is often a need to
conduct GIS promotion and active outreach to
users, stakeholders, managers,and communities.
Special projects. A GIS is designed to meet the
usual needs of its users—they are provided with
data access, system capabilities, and training to
perform their daily work processes. However, it
is common that users will occasionally need GIS
data, assistance, and products that exceed their
usual capabilities. Perhaps they need to produce
large maps for an emergency or a special
presentation, or to perform a one-time

sophisticated analysis. Therefore, many
enterprise GISs set up special project offices or
services to meet these needs (Somers 1993 —
2001).

Developing Policies and Procedures
Effective policies and procedures form the foundation
for the successful development, operation, and
management of a GIS. Although common practice,
professional judgment, and unwritten guidelines and
processes may suffice in some situations for some
time, complex GIS operations need written
guidelines. In management science and practice, the
need for organizational policies and procedures is
widely recognized. Project management books
identify policy and procedural documentation as a
key project communication tool. Polices and
procedures facilitate communication in a
multidimensional environment and prevent the
natural tendency for communications to get filtered
and somewhat distorted (Kerzner 2001). In multi-
participant GIS environments, in particular,
procedures provide a mechanism for coordinating
activities. Studies have shown that increased
formalization improved the flow of information
(Obermeyer and Pinto 1994).
institutionalizing policies and processes captures
existing knowledge and ensures that the GIS
operation will survive the passing of time, increasing
complexity, and staff turnover.

Finally,

The results of not having formal policies and
procedures include:

deviations from established data standards,
including those for data accuracy, representation,
metadata, symbology, and structure;
out-of-date and/or out-of-sync data;
deterioration of data quality and reliability;
users not knowing how to obtain data or services
or get their questions answered;

unmanaged data distribution;

duplicated and/or conflicting efforts;
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wasted resources;

delays in system development and operational;
confusion and frustration;

lack of cooperation;

increased legal liability;

reduced management and political support; and
potential project failure.

To avoid these problems, most GIS programs need
written GIS policies and procedures. Policies provide
the “what” and “why;” and establish broad operating
guidelines; procedures explain how (Somers 2001).

GIS policies. Policies represent the results of decision-
making. For large GISs, decision-making involves
individuals and groups with diverse interests,
activities, and viewpoints. So the challenges are to
develop effective group decision-making processes,
and then to represent those decisions in workable
policies. The specific components for each
organization’s GIS policies will vary,depending on the
characteristics of the organization and the GIS;
however, policies for a typical enterprise-wide GIS
should include guidelines related to several key
components.

The GIS vision or mission: a concise statement
that articulates the purpose and nature of the GIS
for the organization—what participants envision
the GIS will be and how it will affect the
organization’s overall operation (Somers 1999a).
Guiding principles: general operating guidelines
based on the GIS vision.

Key objectives: overall, long-range goals that
relate directly to the GIS vision or mission.
Although specific goals and objectives will arise
and change with the GIS strategic planning and
annual implementation planning cycles, these key
policy-related objectives provide guidance for
those activities and ensure that immediate needs
do not drive the project off track.

Coordination: how participants will be
coordinated and the responsibilities and roles of
the committees, groups, and individuals involved
in the GIS.

Data management: general principles of data
management, plus any special provisions and
concerns, such as security.

Data distribution: identification of the types of
data that will be made available, the means of
access and distribution, and guidelines for data
sharing, pricing, and privacy.

System management: general guidelines for how
the system will be managed to ensure a reliable
operating environment for users.

Standards and procedures: guiding principles for
establishing, developing, operationalizing,
enforcing, and changing GIS standards and
procedures and any organizational or industry
standards that are to be used.

These policy components support the GIS
environment and form the foundation for the
development of all other management and technical
procedures. Developing an integrated policy
framework ensures that subsequent procedures are
compatible and consistent (Somers 2001).

GIS procedures. Procedures provide the details for
performing specific processes. Formalized procedures
ensure that the methods are clear. They capture the
knowledge about performing processes and they
institutionalize the processes so they can be performed
byanyone. Itis stillimportant that the person performing
the procedure has adequate knowledge, training, and
professional judgment, but written procedures reduce
ambiguity, confusion, and the potential for different
people to interpret the same process in different ways.

Procedures will vary widely among organizations,
depending on the characteristics of the organization
and of its GIS. However, there are some key areas
where formal procedures are needed to effectively
develop and operate a GIS.
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Database development: How each data set is
constructed, including the technical standards,
metadata, and responsibilities.

Database maintenance: Technical database
management, enterprise database management,
and the maintenance of each shared data set
within operating departments.

Data distribution: Placing a request, fulfilling a
request, regular ongoing distribution, pricing and
collecting funds, and distributing funds.
Evaluating proposed data sets, applications, and
system extensions: How plans are submitted, to
whom, how they are justified, how they are
evaluated, and how they are approved.
Planning: Periodic strategic planning,
development of annual plans, and ongoing
planning.

Quality control: Quality control aspects built into
each data set development and maintenance
procedure and other system development and
operations processes as appropiate.

User support: How requests and questions are
placed, and to whom they are directed; how
requests will be routed; how they will be resolved;
response times; and satisfaction criteria.

Procedures will vary among different processes
within the same organization, depending on the task,
but there are some key components of all procedures.

Reasons and goals—why the process exists.
Who performs the procedure.

Procedure steps. These may be described in a
variety of ways, depending on the specific
process, and organizational and GIS standards.
For simple tasks a narrative approach may suffice;
for complex tasks, a flowchart approach may be
clearest; for processes involving many
participants, a playscript may be easiest to follow.
Resources to be used in the process.

Outputs, results, or documentation.

Each procedure should be described in the form most
suitable to the process, however, following the same
format among procedures makes them more readily
understandable. A standard method for
disseminating procedures should
developed—whether it is in a handbook, online, or
in some other format (Somers 2001).

also be

Organizing and Leading GIS
Participants

There are many aspects to organizing, coordinating,
and leading GIS participants within and outside the
organization, as well as coordinating with
organizational management and executives.

Coordinating GIS participants. Much of the power
of GIS derives from sharing databases and system
facilities among users in different departments, but
this sharing and collaborative effort creates a complex
environment. Coordinating multiple GIS users within
an organization involves two perspectives: addressing
the varied interests of the participants and
establishing lateral management in a vertically
structured organization. Participants bring many
different interests, application needs, data needs,
priorities, organizational issues and political interests
to the GIS and methods are needed to address these
varied interests and develop the necessary
compromises.

Most organizations developing enterprise-wide GISs
use similar committee and team structures to
coordinate participants and guide GIS development.
Figure 2 illustrates this model. The common model
accommodates different levels of participants’interest
in the GIS: An executive committee provides policy
guidance and support to the GIS; a technical
committee provides the input and technical guidance
for development and operations of the GIS; and a
users’ group (often formed once the GIS is
operational) provides a forum for user discussion and
input. A GIS manager coordinates these committees
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Figure 2: GIS Coordination Structures

or groups and manages the system’s implementation
and operational efforts. The GIS manager is assisted,
to the extent necessary, by a support staff.

This model is used and adapted by most local
governments, state GIS efforts, and other
organizations (and the fact that most of these
organizations arrived at this same model
independently indicates its universal benefits). These
benefits include necessary lateral communication
channels and management lines, team-based
workgroups, a focus on the GIS project, and an
identified projectleader. The phenomena that provide
these benefits, however, also introduce some
problems. These include “matrix-management”
problems, delays involved in working with teams,
group dynamics and conflicts that develop in a team
situation, mismatches between GIS visibility and
progress,and the potential that the project manager’s
growing management responsibilities may conflict
with the GIS priorities (Somers 1994). Management
techniques that address these potential problem areas
include establishing clear charters for each committee,
and ensuring that each committee confines its

discussions and activities to its charter; establishing
clear operating procedures for each committee and
among the committees and staff; maintaining teams
of workable sizes; and ensuring that committee
members allocate adequate time for GIS work. One
of the biggest challenges faced by smaller
organizations to accomplish all the work of the
different types of committees and staff when the
numbers and time availability of participants and staft
are limited (Somers 1994, 1995).

Communication. Communication is crucial to the
success of a multiparticipant GIS, but it can be time
consuming: communication requirements grow
according to the number of participants and their
differences in applications, professional backgrounds,
priorities, organizational interests, and personal
agendas. All involved parties—future users, as well
as committee members—must be kept in the
communication network from the time they are first
contacted throughout the project life cycle. First,
carefully tailored and timed education and training
must be provided to the various participants: Then,
they must be informed of project developments and
receive GIS education and updates on a regular basis.
In addition, the project manager must remain open
to users’ concerns and additional requests and
adequate project staff resources must be available to
provide the communications required to support the
GIS community (Somers 1998a).

Leadership and executive support. In a large,
multiparticipant GIS project, two types of leadership
are crucial to success: someone to manage the GIS
and someone to provide policy-level direction and
support. The GIS manager coordinates the network
of committees and participants. He or she must be
able to work with diverse individuals and groups,
manage teams, motivate, and lead. In addition, a
project champion is needed to provide executive level
support and influence. The project manager can
function in a dual role as an effective project
champion only if he or she is also an executive.
Executive-level support and efforts are often needed
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to initiate the GIS and ensure continued political and
financial support in the face of pressures that would
erode it’s resources and delay its implementation
(Somers 1995, 1997, 1998a).

Management and control. Basically, GIS control and
management may be centralized or decentralized. In
an enterprise model, the challenge is to maintain
centralized GIS management while providing
distributed GIS operation. Centralized management
includes coordination of participants, system and
database development, data management, system
support, staff coordination, training, and user
support. Decentralized user activities usually include
GIS operation and use, data creation and maintenance
(within established guidelines),and some application
development. While this model may be conceptually
simple, in operation, it is difficult to maintain the
balance between centralized control and
decentralized operation.

One of the biggest factors affecting the success of this
balance, and of the GIS itself, is the organizational
location of the GIS management. There are three basic
areas in which the GIS management could be placed—
in a line organization, in a support area, or at the
executive level. Each of these locations has its
advantages and disadvantages. Location in a line
organization places GIS management within an
operating unit such as planning or public works. The
advantages of this placement include the direct
connection of GIS to an operational need and budget,
and autonomous control of the development effort. If
the GIS is to serve users in other departments, however,
such a location can be a disadvantage in terms of
coordination difficulties,lack of inherent authority, lack
of visibility, and possibly a weak budget position.
Location in a support unit includes such departments
as information systems, technology support, or
management services. Advantages of this placement
include the institutionalization of GIS within an
existing support environment, a professional and
objective image for the GIS and its personnel, and
separation of the GIS budget and operations from that

for the line departments. Disadvantages involve the
perception that the GIS staff is removed from
operational needs, a potentially weak budget position,
and difficulties in integrating GIS into the operational
units of the organization. Location at the executive level
involves the GIS manager reporting to one of the top
decision makers in the organization, such as the county
executive. Advantages include high visibility, inherent
authority, top executive support, and a strong budget
position. Disadvantages may include a perception on
the users’ part that the GIS management is too far
removed from operational concerns, too much
visibility in a highly political atmosphere or time, and
difficulties in integrating GIS into operations. An
additional problem with executive-level GIS placement
is that the GIS may evolve into a department, leading
to unforeseen obstacles.

Experiences have
demonstrated these advantages and disadvantages.

For example, in the past, many local government GIS

of many organizations

projects were initiated in line departments because
of the inherent advantages of being tied directly to
an operational need, as well as the direct support and
control of a manager who saw the need for GIS. As
such projects expanded to serve other departments,
however, coordination difficulties arose. A trend in
local government is to place GIS within the IT
department, in recognition of the fact that spatial data
is a valuable organizational resource that must be
integrated and managed along with the organization’s
other data and IT resources. GIS projects and
programs often move within the organization over
time. The common move is “up” from line levels to
support or executive levels. When projects are
initiated as mulitparticipant efforts, they are usually
placed at higher levels in the organization than when
they are initiated as single-purpose systems. GIS
management may also move when the project passes
from the developmental stage to the operational stage
(Somers 1990, 1994, 1998a).
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Staffing

People are an important component of a GIS. Most
GIS managers attribute many of their successes to
skilled personnel and many failures to lack of trained
staff. Unfortunately, GIS professionals are hard to find
and retain. Local governments, in particular, often
serve as training grounds for GIS personnel. In order
to avoid an expensive hire-train-rehire cycle, an
organization must carefully design and implement its
GIS staft plan, with special attention to staff retention
and knowledge transfer. Important issues include
establishing staff responsibilities, staff configuration,
position requirements, position descriptions and pay
scales, job classes and career paths, staffing, and
training (Somers 1998a). Most components of these
human resource issues are the same for GIS as for any
profession or operational area, particularly
technology-related ones. Factors that make the GIS
personnel issues unique relate largely to the relative
newness of the technology, its relationship to other
IT activities in the organization, and the current
market conditions for GIS-trained personnel.

GIS personnel planning for any organization flows
from the GIS design and operational characteristics.
These will drive the staff needs, position descriptions
and qualifications, the staffing process, and the
training needs. For an extensive GIS implementation,
personnel issues may be significant. The organization
may need to establish a new class of GIS-related
positions to support the system. However, staff
development should not be a goal in itself. In general,
it is probably best to limit the GIS-specific staff in an
organization. A guiding principle in GIS staff
development should be that GIS is meant to be a work
tool for users. System use and operation, and therefore
skills, should be kept as close to the user as possible,
while not overburdening them, and still ensuring they
are provided with an adequate level of support from
the GIS group (Somers 1994).

Staff design. How many people and what skills and
activities will be needed to run the GIS? Specific GIS
staff positions, their responsibilities and activities,and

how they work together are based on the size and
character of the GIS to be supported. GIS staff sizes
vary widely among organizations. An extensive GIS
may have more than 20 GIS staftf members. Many
smaller organizations make due with five or fewer
people. The Framework Data Survey (Somers 1999a)
provides a snapshot of this phenomenon. Whether
the staff numbers are large or small, however, specific
duties should be identified and grouped accordingly.
Although organizations develop specific activity areas
or responsibilities to suit their specific GIS and
environment, activities usually fall into four areas (see
Figure 3):

Management, including implementation project
management and GIS operations management.
Even though teams and committees are involved
in GIS development and operations, effective
management is best accomplished when one
person serves as GIS manager. The GIS manager
also coordinates the participant environment,
represents GIS to management,and manages the
staff and all contractors involved in GIS
implementation and operation (although specific
project managers may be assigned to specific

contracts).
GlIS Management and
Manages! Coordination
Coordinator
System and . Production .
Database and g Userrt
Support Data Access uppe

(Somers 1993-2001)

Figure 3: GIS Support Group Structure
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Systems  support, including
administration, database management, system
access and security, and programming and
applications development and support.
Individual positions in this general area have a
strong IT orientation.

User support, including help desk, trouble
shooting, training, assistance, outreach, data
access and dissemination, and analysis required
to develop new system capabilities to meet users’
needs. Positions in this area require GIS and IT
background, as well as analytical skills and an
ability to work with users.

Production. Some GIS installations include
significant data production, such as landbase. The
most important knowledge required here is an
understanding of the organization’s data coupled
with the skills to operate the GIS to ensure that
the database has built-in integrity.

system

While these categories serve as a general model, there
are many variations. For example, some GIS staffs do
not perform any data production. Others may include
data access with the production function. Still others
support large systems and perform a lot of system
development, and therefore have separate areas for
systems support and applications support. The key is
to recognize the important functions for the
particular GIS and design the staff accordingly.

Identify the activities required to support the GIS.
(Derive functional areas, staffing levels, and staff
organization from this.)

Determine staff tasks and responsibilities.
(Derive position descriptions from this.)
Determine activities and knowledge and skills
needed to perform the tasks. (Derive position
qualifications from this.)

Identify individuals suitable for the positions.
Identify training required to bring staff up to the
qualifications level needed to perform in that
capacity.

With advance planning, an organization can
maximize its use of existing staff and help them make
the transition to GIS (Somers 1993-2001).

Using contractors and consultants effectively. As
mentioned earlier, consultants and contractors can
perform many of the functions needed to implement
and operate a GIS. It is particularly common that
consultants are used to perform one-time tasks that
require specialized skills and experience and must be
done efficiently and quickly. Such tasks include GIS
planning, requirements analysis, database design,
system design, RFP development and procurement
assistance, systems integration, application
development, data collection and conversion, and
implementation planning and assistance. Some
organizations also use consultants and contractors for
specific tasks that arise in GIS operation, such as
project review and systems migration, as well as on-
going operational activities such as systems
administration, application development, and
training.

Contracting offers many advantages:

Expertise. Contracting provides immediate access
to specialized expertise. In fact, this is the primary
reason to consider contracting.

Timeliness. On certain tasks, time is of the essence.
Organizations become frustrated when GIS
planning and analysis take too long. Consultants
can perform these tasks more quickly than can
organizational staff and they can also provide
useful documentation and justification to
management and participants. For tasks like data
production or systems development, contractors
can provide extensive facilities and resources to
accomplish the tasks much more quickly than the
organization can. Furthermore along drawn out
systems or data development process performed
in-house creates myriad operational problems.
Flexibility. Contract arrangements can be
temporary and project- or task-related, allowing
the organization to quickly adjust staff levels and
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skills as project demands change.

Cost effectiveness. Although contract costs may
appear to be higher on the surface, they are
usually an equally or more cost-effective way of
performing the work. A contractor’s hourly rate
that appears to be three times the hourly rate of
an employee, for example, includes salary,
benefits, management overhead, office space,
training, and other components, not to mention
a higher level of expertise. Furthermore, the GIS
market is active and competitive enough to cause
most contractors rates to be quite competitive.
Risk reduction. The contractor can assume the risk
for delays, cost overruns, or correcting defects.

Contracting also presents certain challenges:

Contract constraints. Flexibility may be limited by
constraints built into the contract, particularly
fixed-price contracts.

Management costs. The organization must still
devote time to contract management. And the
larger, more complex, or more numerous the
contracts, the more time that is required. In
addition, contract management in itself is a
specialized expertise. And ultimately the
responsibility for successful work falls on the
manager who hires the contractors.

Staff integration difficulties. Although one
potential use of contractors is to fulfill the duties
of staff positions, because the individuals are
contractors rather than employees, there are

limitations to how freely they can be mixed into
the staff.

Additional contract issues include ownership not only
of the work product, but of the knowledge involved in
developing it (on both sides); technology and knowledge
transfer; finding contractors with the required skills and
experience and confirming that expertise; and ensuring
that the contractor assigns the right people to the project
for the time needed (Somers 1999c).

Training and Education

GIS staff and users need to be adequately trained and
educated to use the GIS effectively. They must not only
know how to use the GIS tools, but they must
understand the purpose, structure, and implications
of the system and the data they create and use.
Furthermore, as noted above, advance planning and
a well-run training and education program increase
the potential for using existing staff in “GIS positions.”
There are several advantages to training existing
employees to run the GIS.

The individuals are already employees. They have
demonstrated their work performance and
interest in the organization. Also, recruiting and
orientation costs can be avoided. Furthermore,
most employees are eager to improve their skills
and career potential. Helping them do this builds
goodwill and fortifies the team atmosphere.
GIS is a work tool. In any organization, the
emphasis should be on using GIS tools effectively,
not setting up separate functional areas around
GIS. So, although it may be necessary to set up a
GIS support team with specialized positions,
training existing staff for those positions
reinforces the view that GIS is a tool that anyone
can learn to use.

Training is becoming more accessible. Today
there are myriad GIS training resources: courses,
degree programs, certificate programs, short
workshops, publications, distance learning, and
online programs are the most common.

Training also has its limitations.

Some tasks may be beyond the reach of existing
staff. Specific jobs may require GIS professionals.
And existing staff may not have the interest, time,
or required background to undertake GIS
training, especially extensive technical training.
Furthermore,additional staff may be required to
accomplish specific functions.
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In spite of best intentions on both sides,
employees are free to leave. After GIS training,
particularly in government organizations where
compensation is limited, employees often move
to better paying jobs. Pre-training contracts may
mitigate this problem.

Training resources may be limited. There may not
be enough money, time, or training opportunities
to accomplish the desired training (Somers
1999c¢.)

Still, an ongoing training and education programis a
vital part of a successful GIS operation.

Other Management Issues

Within the constraints of this guide, only a brief
overview of some of the prominent GIS management
issues has been provided. Effective GIS management,
however, requires in-depth knowledge and skill in
many areas of management science, organizational
design and development, and project management,
including:

organizational adoption of new technology;
technology management;

information management;

data privacy;

organization design and development;
organizational dynamics;

human resources management;
project management;

financial planning;

strategic planning; and

public administration.

GIS managers and their team members and
organizations must draw from these fields and adapt
them to GIS. Obermeyer and Pinto (1994) provide a
good overview of many of these management
concepts, their sources, and their potential
adaptations to the field of GIS management.

Perhaps the most important point about GIS
management is that there is no silver bullet or list of
10 simple things you can do to be successful. The key
is to make everything work together, applying the
right knowledge, strategies, and techniques in the
right combination at the right time.
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SUMMARY

GIS implementation and management present many
challenges. Furthermore, these very challenges, when
handled correctly, also indicate the keys to successful
GIS implementation and management. For local
governments and other organizations developing
large, enterprise-wide, complex GISs, several
strategies and skills are crucial to success:

Effective planning. A formal strategic planning
methodology is required for large complex
projects, but smaller efforts still require
structured, detailed planning.

Requirements-based GIS development. Spatial
data and systems are big investments. It is crucial
to understand the organization’s entire set of
requirements and specifications before selecting
or developing data and systems. Mistakes caused
by hasty or ill-informed decisions or assumptions
can be very costly—particularly since they
usually entail not only the original expenditures,
but also investments made on top of
inappropriate systems or data.

Skilled GIS leadership and management. A large
project with many participants requires
leadership as well as good project management.

User involvement, coordination, and
communication. Effective structures, policies,and
procedures must be developed for organizing,
coordinating, and communicating with the user
community. Involving users in the design of the
system is also a major factor in ultimate GIS
acceptance and adoption (Eason 1988).
Executive-led support. Large projects that involve
many different departments or user groups and
entail significant resources require upper
management understanding, support, and
direction.

Education and training. Ensuring that GIS
implementors and users as well as organizational
managers have adequate GIS information and
training is crucial to successful, cost-effective GIS
development, adoption, and use.

Starting small. Providing useful results and
products early in the process and for minimum
expenditures has been a key success factor for
countless GIS projects. However, the strategy of
starting small should not be confused with
starting with no planning.
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Change order management. A large GIS project can
get swamped with constant requests for additions
and changes. As participants’ GIS knowledge and
exposure grows, so do their demands. Effective
change order management is crucial to keeping
the project and system on track with the design
and on schedule and within budget.
Managingrisk. Assessing organizational risk at the
outset of the project and developing
implementation methods that contain and
minimize it increase the chances of project
success (Croswell 1991).

Politics. Successful navigation of the
organization’s politics and culture is necessary to
gain and maintain support for the GIS (Somers
1998b, 2002).

Small GISs may have fewer or smaller challenges, but
still require attention to a few key points in order to
be successful.

Planning and analysis. Many people implementing
small GIS projects assume that planning and
analysis are not necessary. They believe they know
what they need from their GIS and how to build
it. By the same token, however, if they have a clear
idea of what they need, then planning and
analysis should be fast and easy. And these tasks
are still necessary to ensure that all important
aspects are covered and that small, seemingly
obvious decisions do not lead to later problems.
Following the GIS implementation process.
Likewise, it is important to follow all the steps of
the GIS implementation process. The tasks may
be easy and quick for small systems, so it should
not be a burden, and the process provides a
safeguard in making sound GIS investments.

Data quality. Developers of small systems often
have limited resources and end up obtaining or
developing inadequate data. Furthermore, they
invest additional moneyand time in those data. Data
are an investment and it is important to look ahead
and ensure that the data that meet immediate
requirements also will serve long-term needs. Again,
the steps and methods of the GIS implementation
process help implementors do this.

Avoiding unnecessary expenditures. Limited GIS
projects may be able to make due with limited
GIS data and software. However, some
implementors spend more money on more
sophisticated software and data than they need
and more time learning and using those systems
than they would have spent on simpler systems.
Again, the analyses done in the GIS
implementation process will help implementors
select appropriate GIS components (Somers
1993-2001, 1998b, 2002).

The need for to planning and analysis and an
organized implementation approach to GIS
implementation and management cannot be stressed
enough. The continuing trends of more powerful
technology at lower costs and increasing availability
of data coupled with the need and/or pressure to
develop GIS solutions quickly has led many
organizations to jump into GIS with inadequate
preparation. In these cases, they may develop useful
applications and data fairly quickly, but set themselves
up for time-consuming, expensive, and frustrating
problems later. Experience has shown that many of
these later problems—whether they appear to be
caused by data, system, procedural, personnel, or
other sources—actually originate in inadequate
planning and management. And myriad successful
GISs have shown that it is the effective management
of the geospatial technology and data that makes for
GIS success.
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