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EXECUTIVE SUMMARY

Today, Federal agencies must quickly respond to complicated problems involving a wide
variety of geographically referenced data sets (such as natural resource, socio-
economic, or epidemiologic data). Administrative and regulatory responsibilities as-
signed to government agencies have placed tremendous pressure on existing informa-
tion delivery systems. The traditional methods of acquiring, storing, and analyzing spa-
tially referenced data are proving to be too costly and inflexible in meeting these grow-
ing needs. Computerized geographic information systems (GIS’s) are emerging as the
spatial data handling tools of choice for solving such complex geographical problems.

A geographic information system is a computer system designed to allow users to col-
lect, manage, and analyze large volumes of spatially referenced and associated attribute
data. Because GIS technology allows analysts to process and interrelate many more
kinds of data than were previously feasible, agencies have the potential to greatly im-
prove traditional missions such as data collection, research, assessment, and informa-
tion delivery.

The purpose of this document is two-fold. First it provides an overview of GIS technol-
ogy and a general picture of the entire process of evaluating a GIS. This overview is
given in Part I of the document and it is written for an audience of both managerial and
technical personnel who may not be familiar with GIS technology. Secondly, in Part II,
the report provides advice and guidelines to the staff of various agencies who are direct-
ly involved with the technical issues of implementing or procuring geographic informa-
tion systems. Part II discusses related standards and guidelines, software functions,
hardware components; and benchmarking. An appendix with definitions of terms is
also provided. Although this document provides numerous guidelines and examples, it
is not intended for use as a specification or procurement document for acquiring a GIS.

vi



PART I -- THE FORM AND FUNCTION OF A GIS

Chapter 1. Overview

1.1 Purpose

This document has been prepared to assist Federal managers and technical specialists
in evaluating, designing, and procuring geographic information systems (GIS’s). Suc-
cessful GIS implementation and application requires agency personnel to be cognizant
of the capabilities and limitations of GIS technology and to carefully evaluate the needs
of system users and applications. The variety of possible Federal GIS applications and
users make it impractical and inappropriate to provide strict criteria for GIS implemen-
tation. However, this document provides general guidance for understanding the tech-
nology in a realistic perspective, evaluating the requirements of possible GIS users and
applications, identifying applicable standards for information systems technology,
selecting desirable software and hardware characteristics, and conducting benchmark
tests to identify optimal hardware and software systems.

As geographic information systems become more widely implemented, their procure-
ment and operation are being more closely monitored for adherence to agency informa-
tion resource management guidelines and procedures. Such scrutiny may be a new
experience for GIS program managers who may have first acquired their GIS capability
as part of a low-visibility research effort. Therefore the reader should be aware that a
great deal has been written on information resources management.

For example, the General Accounting Office (GAO) has identified the following five basic
objectives for the acquisition and operation of information systems (see GAO, Evaluat-
ing the Acquisition and Operation of Information Systems, Technical Publication 2, U.S.
Government Printing Office, Washington, DC, September 1986, p. 11-15).

« Ensure System Effectiveness: System effectiveness is measured by determining
whether the system performs the intended functions and whether users get the in-
formation they need, in the right form, in a timely fashion.

» Promote System Economy and Efficiency: An economical and efficient system uses
the minimum number of information resources to achieve the output level the
system’s users require.




» Protect Data Integrity: Data integrity requires that systems have adequate controls
over how data are entered, communicated, processed, stored, and reported.

« Safeguard Information Resources: Information resources, which include hardware,
software, data, and people, need to be protected against waste, loss, unauthorized
use, and/or fraud.

« Comply with Laws and Regulations: Compliance with laws, regulations, policies,
and procedures that govern the acquisition, development, operation, and main-
tenance of information systems must be ensured.

The guidance and recommendations such as those contained within the GAO document
should be observed so that GIS requirements documents meet these objectives. This
will help to ensure that a given GIS implementation will comply with the various
guidelines and procedures should a review or audit occur.

1.2 Background

Federal agencies must acquire, analyze, manage, and disseminate tremendous volumes
of spatial and attribute data to accomplish their missions. Spatial data analysis is a
multidisciplinary concern. Geographic, medical, sociological, military, and earth
science activities, among others, require spatial data analysis. Spatial data sets are fre-
quently heterogeneous, having data elements such as soils, land use, and population
statistics, and are often comprised of data sources with differing scales, coordinate sys-
tems, accuracies, and areal coverage. The data will originate from source material in
multiple formats, such as text, maps, charts, or remotely sensed imagery. In some in-
stances, agency functions require basic data sets be reduced for incorporation into
multidimensional numeric models. The management and analysis of these data in a
hardcopy environment to support such modelling and other analytical procedures is
often tedious and cumbersome, inhibiting the efficient achievement of agency goals.

Difficulties with managing and analyzing spatial data, such as the transformation of
data to common coordinate systems, scale changes, and the development of statistics
from overlay procedures, cannot be accomplished through the application of typical
data base management systems (DBMS’s). DBMS’s are normally designed to handle
numeric and textual information and are not capable of manipulating spatial data.

Spatial data sets are unique in providing the geographic positions of features, related to
known coordinate systems, in specifying attributes of features which may be inde-
pendent of position, such as color, cost, and size, and in describing the spatial and
topological relations among features in the data set. GIS's are specifically designed to
manage and analyze spatial data sets having such characteristics.

At present, a number of GIS packages have been developed within the public and
private sectors. These packages are both application specific and generic. Develop-
ment within the GIS field is continuing and more GIS packages can be expected to be-
come available in the future. Agencies will often be able to apply existing systems
directly to their applications, eliminating the need for costly system development work.
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This trend is changing the question of GIS implementation from one of being able to
develop a system to meet agency requirements, to one of selecting the best existing sys-
tem that meets agency needs.

1.3 General Definition and Introduction to GIS

A geographic information system is a computer system designed to allow users to col-
lect, manage, and analyze large volumes of spatially referenced and associated attribute
data. GIS’s are used for solving complex research, planning, and management
problems. The major components of a GIS are: a user interface; system/data base
management capabilities; data base creation/data entry capacity; spatial data
manipulation and analysis packages; and display/product generation functions.

Figure 1 is a conceptual representation of a GIS system and its major components.

Digital spatial data are vital for a GIS. Spatial data consist of the various features that
are defined by their geographic location and descriptive attributes. These features can
have point, line, or areal characteristics that are visually discernible, such as wells,
roads, or lakes, or invisible boundaries, such as county lines or school districts. A GIS
must be capable of storing and manipulating these types of point, line, and areal data.
The association of a given spatial feature with a data type depends on the scale of the
map or image. For example, a river can be shown as an area at large scale but only as
a line at a smaller scale.,

Two major methods, or data structures, are used to organize spatial data within a com-
puter for use by a GIS: the raster data structure and the vector data structure. Each

of these structures has distinct advantages and disadvantages that affect cost and ef-
ficiency.

User Interface

System /Data Base

Management
|
| |
2atat§ase Manipulation and Display and
sreation Analysis of Spatial Product Generation
Data Entry Data

Figure 1.--Major components of a geographic information system.
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A raster data structure is formed by partitioning the study area into a set of grid cells
that are usually square. Each cell is assigned a code describing the feature contained
within the cell, as in type of land use, elevation, or county name. The cell size is
selected on the basis of the resolution needed; the resolution available, as in the case of
remotely sensed data such as Landsat; or the memory capacity of the system.

Explicit x,y coordinates are not given to each cell because the cell location is implicit in
its row and column location in the grid. Separate thematic data sets over the same
area, such as land use and counties, can be easily merged (composited) in a computer
by combining the attribute codes, cell by cell, of each data set. However, the cell-by-cell
nature of the raster structure makes it difficult to retrieve information about specific
linear features (for example the length of the shoreline of Great Salt Lake) or to traverse
a network of linear features (for example routing a train from Atlanta to Denver).

Vector data structures use a series of x,y coordinates to describe the point, line, and
area (or polygon) features. In addition, information about the connections and relation-
ships among the features portrayed on a map (the topology of the map) is calculated
and stored with the coordinates. Thus, system users can derive relationships such as
adjacency and connectivity easily. This data structure is computationally more
demanding than a raster structure, but is being used increasingly in GIS’s because of
the greater information content inherent in the data. The Bureau of the Census
Topologically Integrated Geographic Encoding and Referencing (TIGER) files and the
U.S. Geological Survey digital line graph (DLG) data are examples of this type of data or-
ganization.

GIS'’s typically have been designed to handle either the raster or vector data structure.
Image processing systems, specifically those developed to manipulate remotely sensed
digital data from satellites (such as Landsat or SPOT), have many of the functions
synonymous with a raster based GIS. In referring to GIS’s, this report does not draw
any distinction between raster or vector based systems. The functions and processes
involved are generic in the sense that the descriptions apply to both raster and vector
systems. The more specialized functions of image processing systems are not within
the scope of this report.

The following brief tutorial highlights the functional characteristics of the major GIS
components. The treatment is intended to be introductory. An article "Requirements
and Principles for the Implementation and Construction of Large-Scale Geographic In-
formation Systems" (Smith and others, 1987, International Journal of Geographic Infor-
mation Systems, vol. 1, no. 1, p. 13-31) provides more detail on this topic. Further
details can be obtained from other reference materials and by examination of the
software components in Chapter 7.

In lieu of a set of references or selected readings, the reader is referred to an extensive
bibliography of works related to digital cartography and GIS entitled "A Final Bibliog-
raphy for Digital Cartographic Data Standards" compiled by Harold Moellering. This
has been published as a microfiche insert to the American Cartographer (vol. 15, no. 1).
Additionally, the October 1987 issue of Photogrammetric Engineering and Remote Sens-
ing (vol. 53, no. 10) was devoted to GIS and contains articles on a variety of technical
and applications topics.



1.8.1 User Interface

The user interface is the method by which the human operator communicates with the
various data base and GIS applications modules. It consists of software capabilities
that simplify and organize the interaction between the user and the GIS software (for ex-
ample, menus, help screens, and graphic displays).

1.8.2 System/Data Base Management

The GIS data base management component provides the environment within which the
GIS functions and the means by which data are controlled. The system management
environment is furnished by the operating system of the host computer. Operating sys-
tems have generic capabilities to organize, coordinate, facilitate, and execute the com-
mands of one or many system users in sequence, or in parallel, depending on
hardware, software, and demand constraints. Data base management elements of the
GIS are executed within the operating system control.

GIS data base management functions parallel those of a nonspatial DBMS, but with ex-
tensions beyond the addition, deletion, revision, and Boolean retrieval capabilities of a
standard DBMS. The GIS data base management system will have hardware and
software facilities for the storage, retrieval, and update of spatial information. It will in-
corporate storage structures to minimize data redundancy and to aid spatial searches.
In addition, the GIS DBMS (like its nonspatial counterparts) must include features for
maintaining data independence, security, and integrity and have the file management
capabilities to handle a potentially large archive of data files.

1.3.3 Data Base Creation/Data Entry

A GIS data base is normally conceptualized as a series of thematic topics, or categories
(sometimes termed "layers"), of information held within the data base. Figure 2 is an ex-
ample of this concept.

Data base creation/data entry refers to the process of bringing data into the electronic
environment of the GIS. Data entry is the process of loading data into a GIS data base.
Previously existing data in a computer-compatible format can be loaded directly. A
data base may also be created by digitizing, or scanning map information to create a
computer-readable data set. This effort is sometimes referred to as data capture. Data
capture is the series of operations required to encode data in a computer-readable
form. The two general types of data captured are positional or geographic information
and the accompanying feature attribute data. Positional information is usually
digitized from existing graphics, maps, or images. Attributes identify what the features
represent in the form of numeric or textual information, such as a feature name or a
road class.,




Figure 2.--Concept of separation of categories within a GIS.

The costs to capture the data sets to use in a GIS can be expected to far exceed the
costs of software and hardware. In creating the data sets for the GIS, data encoding
schemes, topological data structuring, attributing of information, and selection of file
structures must all be performed in a manner to support the agency’s application. This
is a complex and time-consuming task. Failure to capture the correct data, in the cor-
rect form, with adequate attributes is likely to result in the GIS being unable to support
its intended users.

Emphasis upon the sharing of data between agencies using GIS's is increasing. The
maintenance of digital data sets of national extent by agencies such as the Geological
Survey and the Bureau of the Census will also induce progress in the improvement of
data translators and the establishment and use of digital data standards. As a result of
these activities, the cost of data base creation may gradually cease to be the major cost
consideration in GIS implementation. The emphasis will then shift to update and
revision of the data to keep it current.

1.3.4 Manipulation and Analysis of Spatial Data

If the preceding functions of spatial information capture and management have been
performed properly, the accuracy and the original meaning of the data will have been
maintained. The user of a GIS may proceed to what is generally thought of as the
primary GIS activity, applying spatial analysis tools to model, make predictions, and
reach conclusions about problems of interest. Such analysis involves combining data
from multiple spatial data categories and performing analytical, statistical, measure-
ment, and other operations upon the GIS data sets to transform the data into informa-
tion suitable for a given purpose.



Spatial analysis techniques include compositing areas, performing proximity searches,
topographic analysis, and clustering and aggregation operations. These operations are
ideally performed upon the topological constructs of the data as well as the nonspatial
attribute data in an interactive mode. Such operations can range in complexity from
simple Boolean queries to reclassification and creation of entirely new map displays.

The development and use of a spatial model requires a carefully considered sequence of
spatial operations and a keen awareness of the limitations inherent in the characteris-
tics of the data and categories used. In many instances, one is limited by the encoding
and storage characteristics of the data. For example, some mathematical operations
can give meaningless or misleading results when applied to ranked or unscaled values,
and other operations can only be performed if the data are encoded in raster, and not
vector format (and vice versa). Attention must be paid to data quality, including ac-
curacy and precision, and computationally induced errors due to rounding, interpola-
tion, and truncation.

Aside from the data manipulation and analysis functions that are integral to a GIS,
users will often transfer spatial data from the GIS to external models. The GIS in these
instances must have the capability to reformat the data so that it is compatible with the
input requirements of the model. The GIS should also be designed to be compatible
with the output from such external models. This compatibility will facilitate data base
update and the combination of results between various models.

1.3.5 Display and Product Generation

The typical GIS has extensive capabilities for the display of maps, charts, graphs, and
tables resulting from use of its analysis and modeling capabilities. A dynamically
produced map is a highly effective device and efficient storage mechanism for summariz-
ing and communicating to the user the results of such analyses. The displays used will
range in complexity from tabular reports through simple monochrome plots to publica-
tion-quality three-dimensional color graphics for a myriad of uses. In some specialized
cases, it is not difficult to envision the need for an animated time-sequence of displays,
similar in effect to a movie, in order to properly communicate the complex information
generated by the GIS.

The displays will take various forms, depending upon the characteristics of the informa-
tion and the media chosen. These include video screens, line printers, laser
printer/plotters, line/ink and jet/electrostatic plotters, color film recorders,
photographic media, and microfilm devices.

The design of an effective presentation of the generated information is not an easy
problem and is fraught with a host of complicated design and perceptual problems
which must be effectively addressed. The objective is to present the information so that
it accurately conveys the message to the user without introducing erroneous or mislead-
ing implications. The effective choice of color, pattern, shading, symbology, text fonts,
and placement of text in an uncluttered but accurate way is one of the classical challen-
ges of cartography.




Chapter 2. Applications

2.1 Concepts

Geographic information systems are versatile, interdisciplinary tools that provide a
means for the automated analysis of spatial data. Two typical examples of GIS applica-
tions are site suitability analyses and the development of textual or statistical data from
map-based information.

When a site suitability analysis is performed, the engineer, research specialist, planner,
or architect must consider several types of interrelated information. This information
will usually consist of data in both textual and graphic formats. The graphic data may
cover several map sheets, each at a different scale and having different formats, infor-
mation contents, and accuracies. In addition, the maps also may be laid out on dif-
ferent coordinate systems, such as latitude/longitude, State Plane, or Universal
Transverse Mercator (UTM).

Factors such as demographics, topography, land use, soil types, geology, land cover,
and local zoning typically are analyzed as part of the suitability analysis. All the spatial
and textual information must be combined to present a coherent picture, typically in
the form of a map. The map may also portray additional information, such as buffer
zones, that may be required with the proposed land use.

The creation of these maps by manual means is a time-consuming, tedious process.
Hand drafting, photographic processing, and exact scaling and transfer of information
between map sources must be preformed. In the GIS environment, these operations
can be accomplished automatically. The end product user can also have an oppor-
tunity to preview products on the display screen of the GIS before a hardcopy map is
output.

Providing the base mapping for a site suitability analysis is only one aspect of the GIS’
benefits to this process. The base map, which represents a spatial data set, can be
manipulated to study options for site development and perform analytical tasks such as
area measurement and cut and fill volumes.

Another difficulty in dealing with multiple hardcopy source maps is the development of
statistics concerning spatial phenomena. Crop statistics and land use trends are ex-
amples of statistics that result from the analysis of spatial information. Typically,
developing such statistics requires technicians to physically identify and measure fea-
tures of interest from source maps. GIS software can automatically analyze a spatial
data base to compile statistical tables and other textual information.




2.2 Examples

There is an increasing trend on the part of government organizations at all levels to
develop GIS's for the management and analysis of spatial data. For example the city of
Pittsburgh, Pennsylvania, initiated a $460,000 effort to digitize base map data in 1986.
Streets, parcels, building outlines, block boundaries, political units, and topographic
contours are being digitized. The resulting digital data set will serve as the basis for im-
plementing the application of GIS technology to city government.

Although this data set is not yet complete, the city has already gained economic
benefits from the effort. A cost savings of $99,000 was realized when the digital files
were used to provide planimetric base mapping for the city’s water and sewer facilities.
Pittsburgh is also developing a computer-aided dispatch system that will be based on
digital street mapping (Wells, E.; Solomon, C.P., Creation and Implementation of Com-
puter Mapping for the City of Pittsburgh, Proceedings ASPRS-ACSM, Baltimore,
Maryland, March 1987, copies available from the city of Pittsburgh Planning Depart-
ment).

Another example of successful implementation of a GIS to serve interdisciplinary users
is that of the Los Angeles County, California, Department of Public Works (DPW). The
DPW serves a population of about seven million in an area of about 4,000 square miles.
The DPW must maintain map information concerning bridges, highways, and gas and
water lines. The hardcopy map base consists of over 9,000 different paper maps.
Changes to the county’s infrastructure may necessitate the revision of up to 50 paper
maps per year.

The DPW is currently creating digital maps to provide a single, continuous source of
base map data for the community. This data base is being applied for numbering street
addresses, creating survey or index maps, sewer maintenance, management of street
lighting, zoning, and tax purposes.

Benefits from the application of computer mapping technology include a 75-percent to
95-percent reduction in map production time, depending on complexity, compared to
the time required to create maps manually. The efficiency of sewer maintenance opera-
tions has been improved by 20 percent. The total savings have not been quantified by
the DPW, but they are reported to be in the "seven digit figures" (Nordisk Kvantif, Report
30, Digital Map Data Bases, Economics and User Experiences in North America, National
Board of Survey, Helsinki, Finland, March, 1987).
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Chapter 3. User Requirements Analysis (URA)

3.1 Overview

Geographic information systems are successful when they comprehensively and consis-
tently meet the needs of users. Development of a successful GIS depends on well-
defined user requirements. A user requirements analysis (URA) is a detailed study of
the needs of potential system users. The URA should result in a clear statement of end-
product characteristics, required production rates, estimated data volumes, and cost-
benefit rationale.

In performing a URA, much emphasis is necessarily placed on the detailed review of the
development and application of map-type products presently being required by users.
However, throughout the process, the URA manager should question the need for tradi-
tional products and note GIS capabilities to meet the same requirements with entirely
new products and types of information and services in varied formats. Users of
hardcopy products may be limited in their present ability to analyze and apply spatial
information by the nature of the media in which they deal. The URA manager may
need to advise these users on the possibilities for improving current capabilities of their
organizations through GIS application, not merely using the GIS to perform or mimic
traditional functions.

3.2 Who Should Perform the URA?

The first problem faced by any organization considering the implementation of a GIS is
to determine who should perform the URA. URA's for successful GIS installations have
been performed by in-house staff, contractor staff, or through a combination of both ap-
proaches. There are many valid reasons for opting for any given approach, however,

the desired result is the same, to develop a comprehensive assessment of the analytical
capabilities and products required by potential users of the GIS. The requirements of
the users can then be matched with system capability to determine optimal configura-
tions for the organization’s GIS procurement.

In-house staff inherently have a greater understanding of the tasks which are to be con-
sidered for automation through GIS technology. This unique knowledge may justify
training staff members in GIS technology and URA techniques so that the URA may be
performed in-house. In cases where existing staff members have expertise in GIS's,
there may be little reason to consider bringing in outside assistance.
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When staff time or skills are not available, or when new programs and concepts are
being proposed that staff is not experienced with, outside resources may be required to
perform the URA. Assistance may also be available from resources within the parent
agency of the organization considering the GIS implementation. Assistance in develop-
ing Requests for Proposals (RFP's) for URA services may similarly be available within
the agency.

The important element in determining who should perform the URA is assuring that
the provider of the service has a thorough understanding of both GIS technology and
the operations of the organization. When an outside organization is brought in to per-
form the URA, it is the responsibility of the government technical representative (GTR)
for the URA services procurement to assure that the contractor fully understands the
organization’s products, services, mission, and needs.

Possible conflicts-of-interest should also be considered before a final determination is
made as to who should perform the URA. Organizations and individuals may, in some
instances, have a vested interest in certain hardware or software types, and may be in-
clined, whether intentionally or unintentionally, to bias results of the URA toward par-
ticular systems. The objective of the URA is to identify the needs of an organization and
then to select the system that best fills those needs, if such a system exists. All
reasonable effort must be made to assure this goal is realized, including assessing pos-
sible conflicts-of-interests, or biases, on the part of persons or organizations that poten-
tially could perform the URA.

3.3 Identification of Users

Once resources have been identified for performing the URA, an initial step is to iden-
tify the users of the proposed GIS. Depending on the nature of the organization and its
products, there may be several types of user groups to consider. A user, in general, can
be defined as a person who uses the system for production, or who works with the
products developed by the system. In some instances, a single user will perform both
of these functions, such as field crews that both rely on the mapping produced by a sys-
tem and also use the system to update and revise their spatial data sets to produce new
mapping. Another category of user is the potential user, someone who cannot use the
present system because of some constraint, but could become a user of the system if it
were converted to a GIS.

The system users are those who will actually interface with the hardware and software
to create the products of the organization. The function of a GIS for these personnel is
to replace or augment traditional cartographic, geographic, and photogrammetric and
related techniques, and to provide for more efficient creation of products analogous to
those developed in the hardcopy environment. The system users may even apply the
GIS technology for producing hardcopy maps as a final product; the advantages of
replicating traditional mapping through the efficiencies of GIS technology being more
important than the development of new, digital products. More often the system users
will be applying GIS technology to provide new products and services. Although the
system users may only be developing a spatial data set for creating maps, by providing
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it in a digital form for GIS application, they allow the traditional information to be used
in new ways.

The end-product users employ the data created by a system, and the system users, for
the needs of their applications, programs, and organizations. These users may be
separated from the hardware and software that is used in the GIS environment to
create the products. If the end-product users rely on hardcopy data, meeting their
needs may only require the continuation of the present hardcopy format data provided
by the system. However, if the end-product users desire to interact with the GIS sys-
tem and use digital data as opposed to hardcopy data, or will want new hardcopy
products specialized for specific applications, the GIS system to be implemented must
be designed to address these factors.

Factors of concern when end-product users expect to work in the digital environment
include hardware, software, data translation, end-product user systems and end-
product user applications. If the end-product user desires to interact with specific
hardware and software, the URA manager must determine the means for accomplishing
this objective. The end-product user may come to the site of the GIS system, may use
some type of computer network to tap system capabilities from a remote terminal, or
may send electronic files and programs to the GIS site for execution by the system
operators.

The URA manager should determine whether the end-product users have the required
training and equipment to perform their desired applications on the GIS system. When
such training or equipment is lacking, the end-product users should be so advised and
planning ensued with the cooperation of the URA manager to rectify these difficulties,
or determine a more realistic approach for access to the system by the end-product
users in question.

Whenever end-product users expect to take digital products from the GIS being imple-
mented and transport this data to their own systems for their applications, the URA
manager will need to determine the compatibility of the two systems. The URA
manager must answer not only the question of whether digital data can be transported
between the two systems, but also if the data can be transported without loss of infor-
mation. In some cases a software translator will be able to reformat digital data from
the implemented GIS to the end-product user system, but a translator to perform the
reverse operation may not exist, or may not meet requirements. When end-product
users expect to modify data sets and return them for inclusion in the master GIS
database, translators that will operate effectively in both directions are needed.

End-product user systems should be reviewed by the URA manager. In addition to is-
sues related to networking capabilities of computer systems and data translators, there
are other conditions that impact the relationship of the implemented GIS with such re-
lated systems. Does the related system have storage capabilities to manage files from
the implemented GIS? Are the input/output capabilities sufficient? Can it perform the
analytical tasks required by end user applications?

Ultimately, whether the products from the implemented GIS will serve the needs of the
end-product user will depend on the user’s application. The URA manager must clearly
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understand the information and analytical needs of all potential users, and these needs
must be translated into GIS capabilities.

The potential users of the system within the immediate organization performing the
URA usually can be identified readily by managers within the organization. These may
be both system users and end-product users. Organizational plans, distribution lists,
service contracts, and similar documentation can serve as a guide for identifying all
users of the data produced by the system proposed for conversion to GIS technology.

Identifying possible new users of data produced by the organization will be more com-
plex. These potential users will be characterized by data needs similar to those of
present users. However, the missions of potential users may be entirely different from
those of present system users and, therefore, their identities not readily apparent.
Some potential users will be organizations or personnel who cannot presently apply
products from the existing system because of some constraint, such as map products
at inappropriate scales, who could use products that the GIS will be capable of develop-
ing. Other users may be those who could use the products of the present system, but
because of differing organizational missions, their application was not recognized.

Identifying these users will require researching the organization’s structure and mis-
sions for similarities and identifying those that will be served by the proposed system.
Interviews with different offices can be used to form preliminary impressions of the
potential for new users. Although the identification of potential users is a difficult task,
efforts in this direction should not be minimized. A GIS will provide the greatest
benefits when utilized by the widest range of users. Coordination of GIS capabilities
with possible users prior to implementation will be far cheaper then attempting to
retrofit a system once it is in place.

3.4 Definition of Required Products

The purpose of a GIS is to create products of value to users. Before implementing a

GIS the products required by users must first be defined. Examples of products re-
quired can be obtained directly from the present and potential users of the
organization’s data. These sample data sets should include both products that the
users are presently applying and also concepts and designs for desirable products that
could be created by a GIS. Through an analysis of these products, the URA manager
can form some initial impressions of types of information, and its media, format, and ac-
curacy, that the GIS will be expected to develop.

These materials should be reviewed with the users to determine what aspects of the in-
formation content are required for user applications. Many general-purpose maps will
contain information that is not needed by some users. For example, the location of
power lines on a topographic map may not be important to a hydrologist performing an
analysis of a large watershed. Conversely, some information that is not present on the
current product may be required by the user and must be created, or added to the exist-
ing product before the user can perform his application. An example is the hydrologist
performing the watershed study who must first annotate the topographic base map of
the area to show the watershed boundaries.
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In addition to the information content of end-products, the URA manager should ap-
prise himself of user accuracy needs. In assessing accuracy needs a number of sources
may be consulted. The user may have published standards for the application of
specific types of information for specific purposes. Models may have known accuracy
limits that can be considered a upper bound for the accuracy of required input data
sets that might be derived from a GIS. Finally, the present products used in the ap-
plication can be reviewed to determine, if possible, their accuracy.

The preferred media of the user, scales at which map information will be required, the
format, including any color requirements, should all be noted at this stage. The result
of this review will be a preliminary identification of the types of information required by
users and the assessment of the needed media, accuracy, and format.

Products from a GIS can be broken down into several types, analogous to the break-
down of users. Personnel involved in the operation of a GIS may use several products
at intermediate stages in the production process. Such products may be quality-
control check plots to assess digitizing accuracy and softcopy images to preview
products before hardcopy output. The final product normally developed by a GIS is
referred to as the end-product, which is applied by the end-product user. Development
of end-products is the major function of GIS in a map/spatial information production
organization. Such end-products and intermediate-products can initially be defined in
the terms described above.

GIS’s that are being implemented to support analytical organizations that have no
standardized products and that are not concerned with the wide publication and dis-
tribution of their data and information, pose a more difficult problem in assessing
product characteristics. These end-products may be reports, supported by some
graphics, that provide textual and tabular results of GIS analyses or they may be more
standard hardcopy maps. In some instances the organizations may only be interested
in creating digital products. These will require the identification of digital data stand-
ards and digital data formats. Review of past products and analyses performed by the
organization and the mission and goals of the organization will assist the URA manager
in understanding the types of products that a GIS must produce to support the or-
ganization.

3.5 Evaluation of Work Flow

Detailed information on the current system, whether manual or automated, should be
gathered by the URA manager. This information should be gathered by interviewing the
personnel involved with the existing system, such as the managers, professionals, and
technicians. The interviews should be supplemented by observation of their work,
noting significant backlogs if any, and the applications of various data sets that are
made by the staff. Particular care must be taken to identify the specific types of data
used, including the data topology, format, media, representation, and accuracy. At the
same time documentation concerning the costs of operating the existing system should
be developed. The results of the review of the existing system will form a base line for
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comparison with any proposed automated system and will serve as the basis for
cost/benefit analysis.

Data types can be classed by discipline. Within disciplines data can be further sub-
classed to provide an adequate description of data types that the proposed GIS must
manage and analyze. Each type of data will topologically represent point, line, or area
information, or in some instances may be used in different spatial contexts for varying
applications. For example, a stream gage record represents point information, a water
course represents line information, and a river basin represents areal information.
However, in a different application, the user may be creating estimates of hydrologic
parameters based on gage records for application to watershed areas. In this instance
the hydrologist has applied point information to an area.

The format of each type of data (tables, graphs, maps) should be noted by the URA
manager. Users should also be asked if the present format is most functional, or could
it be improved by conversion to an alternative representation that might be more ger-
mane to the organization’s applications.

The media in which data are used by an organization’s staff to accomplish its missions
should be reviewed by the URA manager to assure that a complete picture of the data
requirements is gained. As an example, soil maps are often prepared on aerial
photographs and the resulting compilation published. The user of the soils map is
provided, through the medium of the aerial photograph, with a great deal more informa-
tion than the areal extent and nature of soil types. Land cover and land use data, as
well as planimetric data are contained in the aerial photograph. The URA manager may
find that the users of the soil map not only require the thematic soils data, but also rely
on the ancillary data presented in the aerial photograph to perform their functions.
Identification of these ancillary data for inclusion in the GIS data base should be made
at an early stage in the URA to facilitate planning for data base requirements.

Another issue to be considered during the review of data used within the existing sys-
tem is accuracy. The transfer of these data to an automated environment should not
degrade the ability of system users to work with data that meet the accuracy standards
required by their mission. User data accuracy requirements may impact GIS data cap-
ture design, coordinate system and map projection software selection, and data output
elements.

Data can be symbolized many ways without changing information content. However,
some users may prefer drawings of double-line roads to single-line roads. Symbols for
representing point facilities, such as fire stations or hospitals, may have widely recog-
nized standards that should be adhered to and incorporated within the GIS. The issue
of graphic presentation is subjective. The requirements are dictated by the user. The
GIS system most likely will allow wide flexibility in the presentation of information on
products, and users may be shown examples so that they will become familiar with the
GIS potential for developing data presentations that are tailored to their needs.

Often, the staff currently producing a geographic product will not be the source of the
information used to develop the product, nor will they be the users of the product. In
these cases it will not be enough to simply review the organization’s operations. Inter-
views and observations outside the production organization among the suppliers of
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data and the product users will be required. Information on data accuracy and the
potential for directly acquiring a digital product for loading into the proposed GIS can
be ascertained from the data suppliers. Product users can supply information concern-
ing the adequacy of present products, desires for alternative products, and the mini-
mum product that must be provided by the proposed GIS.

As this stage the URA manager should have a complete picture of the data inputs,
production processes, data outputs, users, and costs of the existing system. This infor-
mation can be conveniently displayed as flow charts to provide a system model for
reference. Within the model information types, directions of flow, production stages,
and user interface can be depicted.

3.6 Data Base Development

The data requirements of the users of the existing system will become the data ele-
ments included within the data base supporting the proposed GIS. Often the greatest
cost associated with the development and implementation of a GIS will be the effort to
create a digital data base. Justification for applying GIS technology to some application
may not be sufficient to support the high cost of collecting the required digital data.
The URA manager will normally find that there are needs that GIS technology can readi-
ly meet, but that these needs can only be met if a complex digital data set is extant.

The review of existing digital data sets for incorporation within the proposed GIS is a
first step towards data base development. The cost to create the required data set may
be mitigated if the full burden of data capture can be avoided. Contact with such or-
ganizations as the U.S. Geological Survey’s National Cartographic Information Center
(that maintains a catalog of digital data bases available from other agencies) and litera-
ture searches are a means to develop information on available digital spatial data bases.

The ability of existing suppliers of base data to provide their data in digital form should
also be investigated. It may be possible to have some forms of data initially collected in
a computer-compatible format and avoid later data conversion. Examples are the use of
computer-readable forms by field crews and the use of digital remote sensing data for
some types of land use/land cover analysis missions.

The final structure of the information, as it will be required by the users, should be as-
sessed to determine whether it will impact the means by which data are captured. A
map may be scanned at a large pixel size and provide adequate data to users if the re-
quirement is simply to perform grid-cell manipulations with relatively crude grid dimen-
sions. However, users requiring more precise information may find such a data base
unusable. More applications may be found for data sets that are extremely detailed,
but the costs of collecting, storing, and manipulating these data must be weighed.

The ability of a GIS to share information with other systems and to receive information
from other systems must also be considered. Networked computer systems with dis-
tributed data bases provide the means for the power of an individual GIS data base to
be increased radically. The capability for data sharing depends on the digital format of
GIS data base elements. Consideration should be given to the exchangeability of the
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data format(s) used by the GIS’s proposed for the automation effort. The transport of
digital data between GIS without significant loss of information is essential to maximiz-
ing use of spatial data bases.

3.7 User Applications

The application of data within the GIS by users may require reformatting of data struc-
tures and topology, interfacing with analytical models, and complex data base manage-
ment capabilities. Depending on the user needs, data may be handled as raster or
vector data. Each data format has advantages and drawbacks. The applicability of a
given data format will depend on the needs of the user. The creation of map graphics
and the analysis of data from a cartographic perspective often requires vector data.
Many environmental models are not capable of managing vector data and operate based
on raster data input. The ability of the GIS to manage raster and/or vector data may
be required for some user groups.

Models applied to the data base may be incorporated within the GIS or may be outside
the specific computing environment of the GIS. In both instances the ability of data to
be loaded into models in an automated fashion and for the results of modelling to be
portrayed by the GIS are important to users.

3.8 Refinement of GIS Product Characteristics

The initial definition of required products and the evaluation of the current system
provides a description of products currently being provided to users. However, a
thoughtful reassessment of the characteristics of those products should be performed
before they are used as the criteria for selecting a GIS. The final product definitions
should reflect the flexibility of the GIS technology in generating products, meeting the
needs of user groups, and incorporating the information gleaned during preceding ac-
tivities.

In many cases products from the existing system have been developed to serve a large
number of multidisciplinary users. As such, these products may contain a large
amount of information irrelevant to the applications of an individual user. Or, an in-
dividual user may find a need to reformat, rescale, or extract information from the exist-
ing product in some manner before these data can be applied to the user’s application.
In defining GIS products, flexible output from a GIS should be evaluated for providing
tailored products specific to user applications.

Issues relating to the formats, media, representations, and accuracy of data required by
the user must be carried over into the consideration of GIS end-product characteristics.
GIS output capabilities should be designed to provide the product that the users re-
quire to perform their missions.

In considering these issues, a differentiation must be made between a GIS that is used
to create a hardcopy product (perhaps simply emulating the existing system) and one
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that is meant to support analytical studies. When automation of a mass hardcopy
production system is considered, the desired GIS output may simply be a close fac-
simile of the current product. Analytical procedures, even those within a single dis-
cipline and performed within a single office, may differ drastically in required
end-products. Often tabular data are output from GIS-based analysis, while, in other
instances high-quality graphics will be required. Frequently a combination of data
presentations will be required. The URA manager must be aware of the full range of
desired end-product presentations.

Data from GIS may be output to hardcopy or to an electronic media. GIS products may
be directly input to models, incorporated within digital data sets, or stored on
computer-compatible media. Users requiring these GIS end-products may have needs
for digital data formats and information types. In the design of the GIS the input for-
mats and data requirements of user computer models should be reviewed. The objec-
tive of this effort is to provide an automated link between user analysis of data and the
GIS. An example is the modelling of river floods, in which topographic data are used to
delineate the extent of flooding. A Digital Elevation Model (DEM) created by a GIS can
serve as the base information for this analysis, provided the DEM data can be output
from the GIS directly into the river model. Without such a linkage, even though the
DEM is an automated product, the user may be forced to restructure and code the
topographic data into the flood analysis model manually.

A definition of GIS product characteristics should result in a clear statement of:

» Presentation media,

e Accuracy,

» Information representation,

« Information format,

« Information content,

« Digital product types and structures,
 Analytical model interfaces.

3.9 Production Rates

Production rates for the GIS must be specified so that the system can be designed to -
meet organizational objectives. If the GIS is intended to develop a well-defined product
for mass production, the production rate is simply that stated for the organization. The
production rate in terms of digital data can be calculated from an estimate of the digital
data volume of a sample of products.

For a GIS intended to support analytical needs, the production rate is difficult to quan-
tify. Studies that will rely on a GIS to analyze spatial data are not normally defined in
terms of GIS products required to support the study. The production of these analyti-
cal products of GIS is limited by the ability of the system to retrieve, analyze, and dis-
play information from the data base. The number of users expected to simultaneously
be accessing a system and their data processing requirements must be estimated to
determine GIS configurations capable of providing the level of user analytical support
desired by the organization.
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Estimates of required analytical products can be made by reviewing past studies by the
organization to estimate the number of final and draft map images, graphics, statistical
analyses, and other GIS products required. Interviews with staff can identify additional
products which might have been produced if GIS capabilities were available. Based on
this past experience, the GIS production rates for analytical studies can be extrapolated.

Hardcopy production rates have four primary constraints:

« Availability of digital data,

« Availability of trained personnel,
« GIS ability to process data,

« Output device speed.

When considering production rates, the types of products must also be identified. If
the product is intended to be a camera-ready image for mass reproduction and distribu-
tion, high-quality output devices are required. Multicolored and shaded outputs re-
quire specialized devices. The times to create a hardcopy product from the digital data
will vary depending on output device speed. Output devices must be matched to end-
product requirements and volumes.

The number, types, and purposes of products required from the GIS must be quantified
before actual system configuration. When requirements have been identified they can
be compared with system abilities to produce similar products within specified time
limits.

3.10 Estimated Data Volumes

The number of data capture, output, and storage devices, as well as the required sizes
and speeds of the CPU’s should be specified, in part, around the estimated volume of
digital data that will be handled by the GIS. Digital data will be input to the system
through either some data capture technique, or read directly from an existing file.
Aside from the density of graphic information to be digitized, the volume of digital data
will also be related to the data structure, format, and level of detail captured. In some
instances, particularly when raster data are stored, significant compression of files can
be achieved. When vector data are captured, many points that are selected by the
digitizer, or that result from a scanning process, can be deleted without impacting the
accuracy of the line geometry.

As a first step towards estimating data volumes, the efficiency of a format for storing
data relative to user requirements and applications, and the means for compressing
these files should be considered. Data base size should be minimized, and data struc-
tures simplified to the extent possible without creating negative impacts on users.

Data volumes can be estimated by having representative samples of data digitized in

the desired format and structure. The sample can be used to estimate the data volume
for the entire data base.
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Data can be classified by their function within the GIS, and data volumes can be es-
timated for each type of data. Some data sets may not be utilized often and can be
stored offline. Similarly decisions can be made as to the storage of data online in mass
storage and the priority for retrieval of these data.

In designing the overall GIS system, typical user activity on the system, encompassing
data capture, analysis, and output needs, should be estimated. These estimates can be
used to assure that the system configuration will support user demands without undue
hindrance from system access delays.

3.11 Cost/Benefit Analysis

A cost/benefit analysis attempts to determine the costs of implementing a GIS and to
quantify the benefits that GIS implemen<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>