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CHAPTER 1
INTRODUCTION
rview

In the past two decades, local governments have undergone significant changes
in the use of the computer as a tool for the storage and analysis of information. Since
local governments are in the business of "handling" information, the computer has
enabled local governments to analyze information in new ways that were not possible
before the computer age. The type of analysis that is now possible with the computer
has the potential to enable local governments to foresee problems before they arise and
to plan for their prevention and/or resolution.!

The collection, storage and analysis of information is a large part of the function
of local government agencies. Data collected by the various agencies is assembled by
planning departments and used in the planning process. The typical planning department
will collect or have access to information about population demographics (age, sex, race,
disposable income, education level); educational facilities; water and sewage resources;
health and medical resources; law enforcement; fire protection; recreational facilities;
transportation services; landfill resources; infrastructure conditions; commercial and

industrial resources; and zoning districts.

'Berkman H.G. (1988). "Urban Planning Information Systems and Electronic Data
Processing”. Unpublished Manuscript. p.173.



Information ms an vernment Function

Martin Myerson in his book titled "Building the Middle Bridge For
Comprehensive Planning" identifies the five generic information intensive activities of
local government:

* Central Intelligence function - To facilitate market operations for housing
commerce, industry and other community activities.

* Pulse-taking function - To keep the community informed of the economic,
population, physical and other changes.

* Policy clarification function - To help frame, regulate and revise development
objections of local governments.

* Detailed development plan function - To phase private and public programs as
part of a comprehensive course of action.

* Feedback and review function - To analyze through research and projections the
consequences of present action.

Central Intelligence Function

The central intelligence function requires vthe amassing and analysis of all data
from the various agencies of local government. In the pre-automation era, all the data
from the various agencies was complied manually by the assembly of hard-copy material.
This manual method meant that planners exerted most of their time and energy
organizing the material rather than analyzing the data.> This difficult task of manually
integrating all the databases from the various departments, and other bodies that might

have useful information, was further compounded by the fact that the various departments

’Horwood, E. (1980). "Planning Information Systems: Functional Approaches,
Evolution, and Pitfalls. Pennsaken, NJ: Auberbach Publishers. p.3.
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would collect information in formats and scales that were not consistent across the board.

Today, database integration is a less ominous task. Freed from the task of
reorganizing information data, urban planners can, with the help of computers, devote

their attention to fulfilling the role of central intelligence to local governments.

Pulse-taking Function

The pulse-taking function of local government calls for planners to keep citizens
constantly appfaised of developments within the community. According to Myerson
advance information allows local governments sufficient time to study and analyze
situations before they arise hence keeping away from crisis management. When the
pulse-taking role of local government is not accomplished, a "fire fighting" atmosphere
pervades local government action i.e the local governments reacts to instead of being
proactive to events. The increasing use of computers by local governments make it
possible for planners to improve the pulse-taking function. Computer data analysis is
now much easier through the use of such computer packages as the Statistical Package
for Social Sciences (SPSS). SPSS along with numerous other packages such as dbase
allow the urban planner to query data and analyze information for distribution, variance,

skewness and many other statistical measures not possible in the pre-automation days.




Policy Clarification Function

According to Myerson the policy clarification function of local government
necessitates the development of a host of policy alternatives. Each policy is studied and
evaluated against the alternative policy aﬁd within the context of stated objectives. Since
planners tend to be skeptical of easy answers to problems, they tend to demand large
amounts of data before making decisions. Unfortunately, the presence of an abundance
of data does not guarantee that a planner is therefore "information rich”.

Automation has enabled planners to convert data into information through
analysis. For instance, a planner might receive several requests for a fire station from
several neighborhoods all with compelling reasons. Without using the computer the
planner might seemingly have all the data to make a decision on the optimum location
of a new fire station. With the computer, the planner has the far more advanced
capability of an "intelligent" street network system possibly tied in with U.S. Bureau of
Census Dime (Dual Independent Map Encoding) files that would allow the planner to
calculate distances between addresses and proposed sites for the identification of the most

appropriate site for a fire station.

Detailed Development Plan Formulation

Local governments, and more specifically planners, are perhaps best known for
the development of plans. Planning theory literature identifies three reasons to support
the need for plans.

The market failure argument is perhaps the most quoted reason for planning. The



argument states that in the absence of planning the free market fails to allocate the "r

costs or benefits to society. For example, if a neighbor suddenly decides to prospect for
oil in his backyard the benefits and costs of such an activity would undoubtedly affect
the entire neighborhood. On the cost side, the value of homes may depreciate if the area
become a less desirable place to live. On the benefit side, the value of land might
appreciate if oil were found to be present. The high cost of social goods is another
reason used to justify plans. Social goods are defined as those goods that are impossible
for the individual to provide for themselves due to excessive costs, or those goods that
once provided universal consumption cannot be practically limited. Governments are
thus in the business of providing the public with such social goods as defense, roads,
sewers, parks, police and fire protection collectively. Efficiency and rational action is
a third argument commonly used to justify planning. Paul Davidoff and Thomas Renier
in their article "A Choice Theory of Planning" contend that planning is undertaken to
assure the optimum use of resources in a world of scarcities.

Regardless of the argument, the development of plans begins with the amassing
of spatial information (maps). Various mapped features are typically overlaid on a base
map to determine relationships and project future scenarios. In the pre-automation era
this analysis task was very difficult because all maps first had to be redrawn to a
consistent scale before analysis could begin. The use of the spatial analysis capabilities
of computer software bypasses the tedious time-consuming process of traditional overlay

analysis.



Feedback and Review Function

Although the word "plan" conjures images of a linear or sequential operation,
planning is a ner;r-ending process of monitoring and sending feedback to ensure that
static plans remain flexible, adaptable and relevant to the changing circumstances of the
community. In essence the feedback and review function of local governments deals with
the flow of information from the community back into the administrative offices.
Improving the flow of information is one of the capabilities of a centralized information
system.

Unfortunately, local governments tend to dedicate few resources to the review and
feedback function and as a result planners can often be heard asking hindsight questions,
such as "what went wrong with the plan ?". As spatial information systems become
more widely implemented, the feedback and review functions will more than likely be

better satisfied.

Information Management Problems

The five generic information intensive activities of local governments cannot in
this highly complex day and age be effectively executed without the use of technology.
Unfortunately, the rapidly changing technology has by far outstripped the ability of local
governments to utilize new technology to their benefit. In many places, data collection
in local government is still reminiscent of the pre-automation era. By and large, data
collection among the various agencies of local government remains "unintegrated". As

a result the separate agencies of local government still tend to operate as “information




islands"” unto themselves.* This approach to information collection and analysis is no

longer acceptable as the world today, unlike that of yester-year, is highly interdependent.
The problems of today demand an integrated approach in analysis and resolution because
of their multi-dimensional nature. Older methods of data collection and storage tend to
result in many discrete databases whose general usefulness is severely limited by

duplication, inaccessibility and the lack of integration.

Duplication

Duplication of record keeping activities by different agencies within the same
government causes a number of problems. First, duplication is expensive and inefficient.
Duplication occurs as a result of the jurisdictional boundaries that have historically
defined the functions of separate agencies within local government. Each agency has
tended to collect information that is useful only within the narrowly defined concerns of
that agency. Second, the thinking patterns of professionals in the different agencies tends
to exacerbate the problem of duplication. Professionals in the various agencies tend to
be oriented to "protecting” what they consider to be their turf. This orientation results

in the duplication of resources.*

Bayer, F. (1982). Computing in the City of Milwaukee: The Data-based

Geographical Information System. Computers, Environment and Urban Systems, Vol.
7 p. 83-88.

‘Berkman, H (1988) "Urban Planning Information Systems and Electronic Data
Processing" Unpublished Manuscript p.173.




Inaccessibility

Once information is collected and stored it is useless unless it can be readily
located and retrieved. The traditional approach to information collection in local
governments tends to create the situation where one agency collects information it needs
without regard for its potential value to other agencies. Even if other units were aware
that the data existed it probably would not be in a readiiy useable form. For one thing,
differing agencies have differing scale requirements. Some local government agencies,
such as property assessors, require land use information on a small scale map, whereas
the same land use information might be needed on a larger scale map by another agency.

Information can also be inaccessible from agency to agency due to manual
methods of information storage. Manual methods of information storage, such as filing
cabinets and map libraries, are not only space-consuming but also time-consuming when

the need to retrieve the necessary information arises.

Lack of Integration

Though it often appears as if there are large gaps in the available information in
planning related databases, the problem today is more commonly one of the inability to
cross-reference the information of one agency with information collected by another
agency due to conflicts in hardware and software, scale and format. In addition to

conflicts in hardware and software, procedural and jurisdictional barriers continue to be



.

hindrances to information sharing.’

Information Management

Solutions to the problems of duplication, inaccessibility and the lack of integration
actually have existed for years. Database Management Systems (DBMS’s) have long
been used in the private sector to organize, manipulate and share large centralized
databases. DBMS’s are powerful computer programs that have the ability to unite and
manage "islands of information" into system-wide operations.

Despite the fact that DBMS’s have existed for years and have been widely used
in the private sector, local governments have generally resisted adopting DBMS
technology to solve their information handling problems. This opposition to integrated
data systems has accelerated the proliferation of heterogenous computing environments
among the different agencies of local governments. The negative view of local
governments towards DBMS capabilities can be largely attributed to the fact that while
DBMS’s can solve many information sharing problems, they cannot handle spatial
information. Although local governments have in the past been criticized for resisting
DBMS’s, this criticism probably has no real validity as studies show that 70% - 80% of

the information activities with which local government are concerned are location

SWilson P.M. (1984) "Multi Purpose Geographic Information Systems. Selected
Papers from URISA Conference in 1984, p. 137.



(spatial) related.®
The fact that Geographic Information Systems (GISs) can handle the spatial needs

of local governments explains the stampede of local governments rushing to embrace GIS
technology. As in any free-market economy, the demand has caused the private sector
to respond quickly to the information-handling problems of spatial information users by
providing a variety of systems available under a variety of labels and capabilities. Some
of the common categories of such software are:

(A) Automated Mapping/Computer Assisted Mapping (AM/CAM)

(B) Computer Aided Drafting & Design (CADD)

(C) Land Information Systems (LIS)

(D) Geographic Information Systems (GIS)

(E) Automated Mapping/Facilities Management (AM/FM)

Problem Statemen

Although local governments and urban planners have been quite enthusiastic about
the potential of GIS, relatively few such systems actually exist due to the extreme
difficulty usually encountered in the process of developing and supporting GIS.
Difficulties experienced by local governments during the recent proliferation of GIS’s can

be largely attributed to the early resistance of local governments to adopt DBMS

SSomers, Rebecca (1987) "Geographic Information Systems in Local Government:

A Commentary", Photogrammetric Engineering and Remote Sensing, Vol. 53 No. 10,
p. 1379-1382.
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technology as well as the complex GIS implementation process that requires a great deal
of advance planning and a rigorous and detailed needs assessment.

Local governments resisted DBMS’s because they did not address their spatial
information needs. Ironically, this resistance, even though based on sound reasons, has
seriously handicapped local governments in the GIS implementation process. Had local
governments gone ahead and implemented DBMS’s for their non-spatial data, they would
already have unified the separate databases of the various agencies and stemmed the
rising tide of heterogenous computing environments. However, as local governments
now try to implement GIS technology the process is complicated by the fact the "islands
of information" must be unified in what is already a complex process. Even without the
problems of discrete and incompatible databases, local governments are still struggling
with the GIS implementation process with little guidance. Very little documentation
exists about the complex GIS implementation process. The difficulties of implementation
are further exacerbated by the fact that there are no generally accepted definitions and
standards in this new field, making it difficult to assess the respective capabilities of
different systems. Various systems available on the commercial market are designed to
meet different needs. Decisions about the selection of hardware, software, cost and
financing, staffing and database conversion have to be undertaken with extreme care.

Because implementing a GIS is such an expensive undertaking, local governments
must strive to do it right the first time, since reversing bad decisions is extremely

difficult with this high-priced technology.

11



Purpose

The purpose of this thesis is to develop guidelines and gather information that

could increase the likelihood of successful GIS implementation. The GIS implementation
process is a highly complicated procedure that remains poorly documented. It is the
researcher’s hope that this study will substantially add to the limited body of knowledge
that currently exists.

One of the main problems that local governments have in developing useful
information is the inability to ask vendors and consultants the appropriate questions.
This study will attempt to ask all the "right" questions to acquire information on: a) key
participants b) role of key participants c) organizational structures d) selection of system
components. Readers should note that the purpose of this study does not include
identification and clarification of the many technical issues related to the integration of
hardware, software and data conversion. While technical issues are of vital importance
and should not be overlooked when implementing a GIS, the issues are site specific in
nature, require specialized knowledge and would be of limited value under a generic

study.

Organization of Thesis
The thesis will be organized into five chapters. Chapters I and II will provide
introductory and background material critical to understanding the concepts and

establishing a common vocabulary for the later chapters. Chapter III will describe the

methodology used in conducting the case studies. Chapter IV will present an analysis

12



of the findings from the case studies, papers and reports. Chapter V will conclude the

research with a summary of the findings and suggestions for future research.

13



CHAPTER I

OVERVIEW OF SPATIALLY CAPABLE SYSTEMS

The last decade': has seen dramatic improvement and growth of computer hardware
and software, principally at the personal computer (desktop) level. Numerous software
packages such as, AutoCad, VersaCad Map, Info and Architext, offer desktop mapping
capabilities to local governments and utility companies to monitor land-use information -
-- tax parcels, zoning, route planning for emergency services among many others uses.
While these packages provide much needed spatial analysis to local governments and
regional agencies, the proliferation of these packages has added fuel to the raging debate
of what really constitutes a "GIS".

As implied earlier, the difficulties of GIS implementation are exacerbated by the
lack of commonly accepted definitions and standards to define the respective capabilities
of the numerous software categories. In the interest of minimizing the confusion and the
ambiguous use of terms, an attempt has been made here at clarifying the non-technical

differences between the various software categories.

Automated Mapping/Computer Assisted Mapping (AM/CAM)

The terms AM/CAM are descriptive of a class of software that essentially
automates cartography. Instead of using the traditional map drawing tools, pens, t-
squares, templates and zip-a-tone, a digitizer is used. A digitizer is an electronic tablet

that is used to assign x,y coordinates to digital maps. The main benefit of use AM/CAM

14



software is the ease and efficiencies realized from the maintenance of digital maps.

Computer maps are much easier to create, store, retrieve, analyze and update. Beyond

producing thematic maps, automated mapping is quite limited as the graphic elements are

not intelligent and therefore limited in their information processing capabilities.

Thematic maps are, however, still useful to local government agencies and are frequently

used to display planning related data such as average income by census track, population

densities, crime regions, flood plains and vegetation patterns among many other uses.

For example, thematic maps created with Atlas Mapmaker are currently being used by

the Tennessee Department of Health and Environment (DHE) to map counties requiring

intervention in regards to teenage pregnancy (figure 1), cancer control and general

administration of health care’
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FIGURE 1
Thematic Mapping Using Atlas Mapmaker

Derived from (Government Technology, June 1990, Vol.3, No.6. p.21).
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m r Ai Draftin Design (CADD

The once common sight of draftspeople sitting on tall stools around large drawing
tables in rooms stacked with large flat storage cabinets and racks has all but disappeared.
Today, design and drafting is usually done on the computer. As the name suggests,
CADD systems are not true mapping systems although they can be used to produce
maps. CADD systems automate the design of elements that require high technical
specification --- bridges, roads, buildings, detailed site plans and sewer systems (Figure
2). Before the age of computer aided design, draftspeople spent many tedious hours
redrawing maps necessitated by slight changes such as in zoning or land use. The use
of the computer for design has made the business of design more efficient and cheaper

and updating and revising drawings has become a trivial task rather than a labor intensive

burden.
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Massachusetts Water Resources Authority (MWRA) is currently using a CADD

system to design the replacement of 5000 miles of aging pipes that carry waste water into
the Boston harbor® Because GIS’s do not meet the needs of engineering and drafting
departments, other local governments, such as Knoxville, have acquired CADD packages

that easily interface with the main GIS package for technical drawings.

Information ms (LI

The term LIS is somewhat misleading as it implies one large integrated system
for land use management. In reality, LIS refers to the conglomeration of pieces of
equipment and processes used to record, store, analyze and update land use activity. The
entire process need not be, and most frequently is not, automated.

An LIS is the sum total of all the textural and pictorial documentation pertinent

to the process of analyzing/establishing/operating/maintaining facilities,

resources and/or activities within a geographic area. It also includes the

underlying information management infrastructure required to access, apply,

update and archive it. The definition applies whether this process is done entirely

manually or with the aid of computers’

Outside of the United States, the government of Hong Kong is implementing one

of the largest LIS’s in existence. In it’s final form, the "system" will be used by the

SHanson, W. (1989). "CADD: Boston Harbor Cleanup Tool". Government

Technology,
Vol. 2 No. 2. p. 11.

Klein, D. (1989). "Automated Polygon Processing Utility For Use Within A
Desktop CADD System". Unpublished Manuscript p. 1-5.
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Town Planning, Surveying and Mapping, Lands Administration, Building Ordinance and
Administration departments. The LIS will consist of variety of tools designed to function
together. Environmental and Scientific Research Institute’s (ESRI) ARC product
interfaced with an ORACALE DBMS will be used for spatial and attribute data
management. AutoCad will be used for engineering and drafting. FORTRAN, COBOL,
and C languages will used for programming. The system configuration will consist of
a network of SUN workstations and personal computers.!°

Within the U.S., the Bureau of Land Management (BLM) operates the largest LIS
that is used in the management of 275 million surface acres and 300 million acres of
mineral rights. The system tracks land parcels for ownership, land uses, land status
(leases, permits, licenses, right-of-ways, rentals, property assessment etc.). In addition

the system is used for land use planning and environmental impact assessments. !

I in
Geoprocessing is the process used to assign geographic codes from a bank of
codes to data records. Typically, geoprocessing systems will not have mapping
capabilities.

This is typically a map-oriented system, though it is a geographic system and

1"ARC NEWS, A Publication of ESRI, Vol. 11 No.2 p. 1-2.

"Sonnenburg, D.(1988). "The Role Of The Legal Land Parcel In Land Information
Systems/Land Information Management"._GIS/LIS *88 Conference Proceedings. Vol. 1
p. 152-158.

18



might include mapping capabilities. This class is used primarily to assign
geographic identifiers, or geocodes, from a reference file to individual data
records. The most common application being the assignment of planning,
census or statistical area identifiers to data records containing addresses,
using a geographic reference file such as a DIME file. Geoprocessing systems
may also include capabilities to perform network or district aggregation or
analysis using geocode data.'

hic Information Systems/Automated Mapping-Facilities Management (GIS/AM-

These two terms, GIS/AM-FM, are often used interchangeably because the system
capabilities are closely matched. Not many real distinctions can be made between GIS’s
and AM/FM systems. AM/FM systems were developed earlier and tended to be aimed
at automating mapping and the management of facilities. GIS’s have since evolved not
only improving the automation and management side, but also providing for complex
analysis. GIS/AM-FM systems represent the best of two worlds --- the merger between
spatial databases (AM) and text or attribute data. The benefits of this merger result in
a powerful tool of analysis.

The systems have a combination of graphic and what is termed "attribute"

processing capabilities. This class may have similar or identical graphic

image handing capabilities to the automated mapping class. It also has the
ability to store and link nongraphic attribute or geographically referenced
data with the graphic map features to allow a wide range of information

processing and display operations. The focus is on the geographic analysis
rather than mere displaying"*

’Kevany, Michael J. (1987). "A Tutorial On Automated Mapping and Geographic
Information Systems", Selected Papers from PlanGraphics, Inc. p.4.

PIbid
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As the name implies, a GIS has two key components to it --- geographic and

information. The geographic part of the system refers to the system ability to keep track
of geographic data in three ways. 1) Polygons --- building footprints, zoning districts,
census tracks, political districts. 2) Lines and curves --- utility lines,streams, street
center linés. 3) Points and symbols --- street lights, fire hydrants, water and sewage
mains. The information part of the system refers to the system ability to keep track of
data in three ways. 1) Numeric --- traffic volumes, depth, heights, costs. 2) Character
--- building names, street names, pavement type. 3)Date --- date installed, expiration
date, maintenance needed date. A complete package of hardware and software designed

to operate as one unit is commonly referred to in the industry as a turnkey system.

GIS Components

Before any system can become functional several key components must be linked
together to interface correctly (Figure 3). The components will vary, in brand name,
from one installation to the next; the generic components will be found at any

installation.

(A) Central Processing Unit

(B) Input Devices (keyboards, digitizers, scanners)

(C) Output Devices (monitors, plotters, graphic printers)
(D) Storage Medium (floppies, hard disks, compact discs)

(E) Software

20
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Central Processing Unit. The central processing unit (CPU) is composed of three

parts, memory, logic unit and control unit. The CPU is the most important component
of the computer. A wide range of processors are available starting from the smaller
personal processors to the larger mini and mainframe processors. The processor controls

all file handling operations.

Input Devices. The typical input devices for a GIS are keyboards and digitizers.
The keyboard allows the user to input data directly into memory. The standard keyboard
will have a numeric keypad which is essential for applications that require large amounts
of numeric information. Also present on the keyboard are the function keys for quick
access for frequently operations. The digitizer inputs and transforms graphic data (maps)
into the CPU in a manner that the CPU can understand, X,Y coordinates. The process
of digitiziﬁg maps is slow and tedious; however, a number of devices have been
developed to make inputting data much faster. Scanners are optical devices that can be
used to rapidly transform maps into digital form. Unfortunately, scanners however do
not totally automate the process. The common experience with scanners has been that

the 30 - 40% of the digitizing effort still has to be done manually.

Qutput Devices. Monitors, or cathode ray tubes CRT’s, temporarily display the
results of processing. Today’s computer monitors represent significant progress as they
can provide the video-like clarity for graphics and digitized images.

A variety of plotters are available with a variety of abilities. On the low end, the

22



desktop pen plotter has the ability to produce color plots, but is severely limited by speed

and size of plots. On the high end of the scale, electrostatic plotters are quicker than pen
plotters and produce higher quality maps than penplotters. The better pen and
electrostatic plotters will print on transparent material.

Graphics capable laser and dotmatrix printers are useful to produce black and white
output. These printers are really more useful for small installations. Local governments

should plan to invest in large plotters.

Storage. A variety of storage mediums are available. The most popular and well
known are flexible diskettes, usually known as floppies. As the storage of floppies
progresses (360K -720K - 1.44MB), they will become even more popular. Although the
floppies cannot currently hold the typically large space requirements of GIS files, they
are still a cheap and safe method of storing and transferring data. As noted above,
spatial data requires a large amount of storage space. Currently the most widely used
mass storage devices are hard disks. Hard disks, typically a rigid irremovable platter,
have improved rapidly in the last decade both in storage capacity and data transfer rates
(speed). Direct-access storage devices have moved from the 50,000 bytes-per-second
transfer rate of enhanced small device interface hard drives (ESDI drives) to over 1.25
million bytes per second of the small computer system interface drives (SCSI drives).

The future of mass data storage will be compact disc. The use of laser discs is

“IBM Personal Systems Technical Journal (1989). p. 1-130.
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expected to grow rapidly as the technology improves beyond the "write-once, read-many"

capability. Recent studies by the Association of Information and Image Management
(AIIM) reveals that today 95% of all government records are still on paper. Laser
technology has the potential of transforming government offices into paperless offices in
the near future. Today, up to 40,000 pages can be captured via scanners and stored on
one single "write-once, read-many” (WORM) optical disk. According to AIIM, state and
local governments are expected to purchase 102 new optical imaging systems worth
$39.6 million in 1990. In 1993, that figure is expected to grow to 281 new systems

worth $132.6 million.?

Database

The spatial and attribute database is central to the powerful capabilities of a GIS.
The fact that a GIS database is integrated explains in it’s wide appeal throughout the
various branches of local government. The planners, for instance, see the ability to
easily cross-reference data from the various departments for the development of
comprehensive plans. The cartographers see the capability to easily produce high quality
maps.  School Boards may find an objective means of selecting school locations.
Emergency Services see a way to clearly identify and label streets and parcels. These

are a few examples to illustrate how a spatial and attribute database is universally

"Newcomb, T. (1990). "Public Sector Counts on Optical Technology for the 90s".
Government Technology, Vol. 3 No. 4. p. 1 - 6.

24



appealing across the departmental jurisdictions of local government.'®

Data in the GIS database is organized in three ways:
(A) Graphic Features
(B) Attribute Data
(C) Geographically Referenced Data

Graphic Features. Graphic features, also known as polygons and points, include
all digitized elements found on a map. The graphic elements are stored as layers in the
database. [Each layer stores the information that is functionally related to the other
elements on the layer, e.g. the utilities layer would show electric, water and sewage
features. Each layer is linked to the other layers by geographic coordinates (see layering
concept figure 5). Points are also graphic elements representing a feature at a specific
location, e.g. a fire hydrants, sewer manholes, electric substations etc.

Attribute Information. Nongraphic attribute information is stored in the text
portion of the database. Attribute data provides descriptive data associated with a
particular graphic feature/s on a particular layer. The attribute information is linked to
the graphic features by a common index. For example, the electrical grid graphic
features would be linked to attribute information on load demand, cables, substations,
transformers etc.

Geographically Referenced Data. Geographically referenced data is not directly

associated with graphic features on a map. Geographically referenced data is information

¥Pangermond, Jack (1990). "The Organizational Impacts of GIS Technology" ARC
NEWS. p. 25.
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about a specific location or event. For example, records kept by the tax accessors on

individual parcels (value, dimensions, location, taxes).

Applications

Once a GIS is in place and the database has been developed, the limits of it’s real
and potential applications to local government functions are limited only by the bounds
of imagination. The following illustrates how GIS technology can be applied to a wide
variety of local government and other functions:

Mapping. Each department within local government has historically kept up with
new changes by updating the "departmental” base map. As a result new changes
occurring in a city have not been initially available centrally. With GIS’s, each
department is responsible for a particular layer of information with is then shared with
other departments electronically. GIS provide for timely and efficient updating of all
maps without duplication of work.

Planning. Because a GIS has the capability of manipulating data quickly and
easily, it substantially improves the information available to planners. For example,
computer overlay analysis can be used in a variety of ways. If a local government
planner wants to identify areas suitable for new development, the system can be queried
to produce maps of areas meeting the planner’s specified variables of soil, terrain and
infrastructure. Weights can be attached to each variable so that the resulting output

indicates the degree of suitability. This type of analysis vastly improves such planning
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Our Diciplines Sometimes
See Reality Like This

Sometimes Like This

But Aimost Never Like This

About closely related subject we sometimes have
redundant cata

Redundant Data

Where they are ditierent we have disparate cata and
inconsistent data

Disparaie Inconsistent
Data Data Daiabase
FIGURE 4

INFORMATION INTEGRATION

Derived from (ARC NEWS, 1989, p.25).
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functions as comprehensive planning, growth management and day-to-day current

planning.

Routing/Scheduling, With an intelligent street network system, local government
functions such as, traffic and emergency services routing, road maintenance and code
enforcement amongst many others, can be executed with much greater ease and
efficiency. Rotterdam, the major exit point for all goods exported from the European
Economic Community (EEC), is using an intelligent street network system for analysis
and traffic routing."

Land Use Management. Zoning has been the primary tool for land use control
since the Supreme Court upheld it in the case of Village of Euclid v. Ambler Realty
Company. GIS’s can revolutionize land use management. By using all the data available
in the spatial and attribute databases, a GIS, through modelling, can be used to "suggest"
appropriate zoning.

Political Administration. One of the key issues that will be addressed in the
coming years both at the federal and local level is redistricting. GIS capabilities tied in
with U.S. Census Dime Files are being used to analyze and redraw congressional
boundaries, track voter registration and produce the thematic mapping associated with
political administration.

National Defense. Even though local governments are not concerned with

national defense, GIS capabilities are being utilized by the U.S. armed forces for digital

1 Garcia, J. (1990). "Information Systems Key to Holland’s Lifeline". Government
Technology Vol. 3. No.7. p.26-27.
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terrain modelling and nautical and aeronautical charting. On the local government level,

police are linking the thematic mapping capabilities of a GIS with existing records of
criminal activity to analyze patterns of criminal activity.

Educational Administration. = School boards and others involved in the
administration of schools can use GIS capabilities for demographic analysis, enrollment
projections, school location planning, student transportation studies and the statistical
graphing and thematic mapping associated with educational administration.

Public Health Administration. Local government officials concerned with the
tracking of diseases and other public health threats such as hazardous waste can use GIS
capabilities to track animal permits, building health inspections, environmental impact
and to produce the appropriate mapping.

Economic Development. Various groups specifically concerned with the
economic vitality of a community, chambers of commerce, merchant associations,
downtown organizations, banks among others, may use GIS capabilities for such
economic development activities as demographic analysis, intelligent site selection,
demographic analysis, market research and infrastructure analysis.

Environmental Resource Management. = The environment and resource
conservation management will among the major issues of the decades ahead.
Increasingly GIS capabilities are being used by conservationists and other groups to
manage water, fish, wildlife, forests and other natural resources. Research is currently

underway at Munich University of Technology on GIS modelling of ecological
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relationships in time and space. The models being developed are being tested in Austria

and West Germany.'®

Logistics and Distribution Management. Companies involved in the distribution
and circulation of goods and services, especially the high speed overnight services, can
make use of GIS capabilities in route selection and optimization, mapping, site planning,
tracking and monitoring of goods.

Modeling. Local governments are in the business of trying to shape the future.
The odds of shaping the future can be increased if the future were predictable. GIS
technology is being used to model "the future” in New York; the computer information
services group (CISG) of New York City Planning Department is using a GIS to model
future scenarios based on present growth trends in the city."

Real Estate Management. GIS applications in Real Estate represent a future high
growth area. Those involved in the sale, marketing and management of property
recognize that GIS’s could be applied to the areas of mapping, parcel tracking (deeds,
value, dimensions etc.) demographic analysis and market research.

Teaching. Graduate Schools of Planning, Geography and Forestry have taken the
lead in adopting GIS for practical and academic research. Scholars are also testing the

limits of GIS software as well as developing new GIS applications.

'® ARC News (1989). "GIS and Dynamic Feedback Modeling: Integrating Time and
Space To Help Model Complex Ecosystem Behavior”. Vol. 11 No.1 p.1.

¥Yapp, Russ (1990). "The Big Apple Maps Future With GIS" Government
Technology. Vol.3. No.1 p.27.
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These are a few of the major categories of current GIS application. A summary

of typical local government GIS applications can be extrapolated by looking at Table 1.
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TABLE 1

TYPICAL LOCAL GOVERNMENT GIS DATA/FEATURE LAYERS

Geodetic/Survey Control
Reference Grid
Street Pavement (Air Photo)

Planimetric Features (e.g. fences)

Street Right of Way
Street Names
Water Bodies

Railroad

Parcel Boundaries
Parcel Center and Automation
Easements

Easements Annotation
Subdivision

Buildings

City/County Boundaries
Zoning

Tax Areas

Traffic Zones

Census Tracts

Election Districts
School Districts

Fire Districts

Police Sectors/Beats
Water Areas

Electric Areas

Gas Areas
Curb/Gutter/Sidewalk
Flood Plain, Floodway
Traffic Control Devices

Electric Facilities
Poles
Lines
Underground
Facilities (e.g. switches)
Facilities (e.g. transformers)
Facilities (e.g. substations)
Street Lights
Water Facilities
Lines
Valves
Hydrants
Facilities
Gas Facilities
Lines
Facilities (e.g. valves)
Telephone Facilities
Facilities (e.g. lines)
Land Use (Actual)
Land Use (Planned)
Bus Routes (K-TRANS)
School Bus Routes
Bikeways
Soil Types
Land Cover
Locations (e.g. schools, fire stations
Sanitary Facilities

Derived from (Plangraphics Inc., n.d., 1985, p. 2-10).
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CHAPTER III

RESEARCH METHODOLOGY

As noted in chapter one, local governments are very poorly equipped with the
tools that can guarantee successful GIS implementation. A good way to provide local
governments with tools of implementation is to study existing installations to discover,
first hand, the types of issues that local governments need to take into consideration
during the implementation process. With this in mind, the objective of this research was
to do an indepth analysis of the experiences of local governments that have already
implemented a GIS. The research began with a thorough investigation of existing
material in the form of books and papers. Not much was available in the form of books,
so the researcher had to rely on professional papers presented at GIS conferences.
Although the absence of books made it difficult to easily gather material on the
implementation process, one has to remember that the GIS industry is moving so rapidly
that a few years is a whole lifetime in this business, moreover professional papers tend
to present "cutting edge" material. The following sources were identified as major

sources of material:

1) URISA conference proceedings 1985-1989;
2) conference proceedings from ESRI, a leading GIS software vendor,
1985-1989;

3) selected papers from PlanGraphics, a leading GIS consultant;
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4) status reports periodically published by local governments currently in the
process of GIS implementation;

5) the publication Government Technology which publishes GIS events
in government;

6) ARC NEWS published by ESRI. This publication documents experiences
of ARC/INFO users around the world;

7) publications of various GIS interest groups that have mushroomed all over
the country, some of which communicate electronically through the

various networks.

These sources yielded good base material for the description of the issues and concepts

related to the implementation of GIS’s.

Case Studies

Two case studies were conducted with the objective of doing a rigorous post
implementation analysis of GIS installations. The case studies gathered data that was in
most respects unpublished and undocumented. The decision to conduct case studies
instead of a survey of more GIS installations was made after careful thought on how to
achieve the objective of the study. The objective of developing guidelines was thought
to be best satisfied by indepth study rather than a broad survey of GIS installations. The
two case studies are: 1) Knoxville/Knox County/Knoxville Utility Board (KGIS). 2)

Johnson City GIS. The two sites were selected based on the following criteria:
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Knoxville/Knox County/Knoxville Utility Board GIS
The Knoxville/Knox County/Knoxville Utility Board GIS was identified as one

of the most appropriate installations for a case study for a variety of reasons:

1) Knoxville/Knox GIS is a cooperative effort between City of Knoxville and
Knox County. As cooperative effort, the issues pertaining to advance
planning, coordination and resolution of data sharing conflicts between
the three separate agencies were immense and as such made for an
excellent case study.

2) According to PlanGraphics, one of the leading GIS consulting firms, KGIS $
writing the book on the multi-organizational GISs.

3) KGIS was easily accessible to the researcher so repeated trips to
conduct interviews and research were possible on a very limited student

budget.

Johnson City GIS

The Johnson City GIS was identified as another appropriate GIS for a case study.

1) Unlike the multi-organizational KGIS, Johnson City’s GIS was the initiative
of Johnson City alone lending balance to this study.
2) Johnson City’s GIS was a low budget initiative as the system was

established using a federal grant. The system was developed using
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inexpensive student labor from East Tennessee State University (ETSU).
Information on this funding and system development arrangement was
decmed potentially very valuable to other local governments without much
money.

3) Again within a very limited student budget, the Johnson City GIS was

more accessible to the researcher.

Interviews

Interview questions were developed to collect information from GIS managers.
The interview questions were designed to collection information on how a GIS can be
successfully implemented by local governments. Specifically, the questions addressed
the following issues: (a) the key participants (b) the role of the key participants (c)
benefits of GIS (d) cost of GIS (d) financing a GIS (e) organization structures that
increase the likelihood of a successful installation (f) issues related to database
conversion. Appointments to interview GIS managers were scheduled by phone.
During the phone conversion the objective of the study was explained. The
characteristics of each GIS installation is summarized in the site profile data sheet (see

Appendix).

Limitations
As the title states, the research is directed at the implementation of GISs in local

governments. This study is limited to the investigation of the non-technical issues that
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affect the successful implementation of a GIS. There are many technical issues related
to the integration of hardware, software and data conversion that will not be addressed.
While the technical issues involved in the operation of a GIS are very important, the
issues are site specific in nature and require specialized knowledge. Furthermore, this
study is not a review of GIS hardware and software. The only constant aspect of the
computer industry is change. A review of rapidly changing technology would be of

limited value to local governments as it would soon be dated.
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CHAPTER IV
ANALYSIS AND EVALUATION OF FINDINGS

In ion

This chapter presents the information collected through the post implementation
study of the Knoxville/Knox County/Knoxville Utility Board (KGIS), Johnson City’s GIS
and an analysis of pertinent documents. The objective here is to provide a brief synopsis
on how two local governments went about the process of implementing their GIS’s and
then focus on the common lessons from their experiences. Although the process used
by each local government is remarkably different from the other, there are a number of
common issues that yield valuable information to other local governments. These issues
have remained, until now, either unpublished or not well documented. The readers are
encouraged to study the tables as they contain valuable information not necessarily

discussed in the text.

Knoxville/Knox County/Knoxville Utility Board (KGIS)

According to John Lutz, Director of KGIS, KGIS was initiated by discussions in
the Metropolitan Planning Commission (MPC). Over the years MPC often lamented on
how the city suffered because of the lack adequate maps. Back then, it seemed that maps
became obsolete just as fast as they were updated. The only reliable maps that MPC
staff had were the USGS topographical maps with the 20ft contours. It was then that

casual discussions began on how computers could keep maps up-to-date. John Lutz and

39



Sue Adams approach the Mayor of Knoxville, the Knox County Executive and Knoxville
Utility Board (KUB) Assistant General Manager and secured their support to conduct a
benefit/cost study for a GIS. Each of three agencies contributed $8,000 to fund the
study. So, with $24,000 PlanGraphics, a GIS consulting firm, was hired to conduct the
benefit/cost analysis. PlanGraphics conducted the study and presented the results of their
study to a group comprised of the City, Knox County and KUB. The group was so
impressed with the potential benefits that a decision was made to commence
implementing a GIS.

A GIS policy committee was formed that consisted of John Lutz of MPC, David
Reece of KUB, Hollis McPhetridge of Knox County, Bob Bowers of the City of
Knoxville, Dick Moran of Knox County Computer Center, John Whitehead of Knox
County Property Assessment and Charlie Smart of Tennessee Valley Authority. The
group positioned itself strategically by involving the Mayor of Knoxville, the Knox
County Executive and the General Manager of KUB. The policy group then hired
PlanGraphics to consult on the implementation process. The process that PlanGraphics
followed had started with a benefit/cost study. A benefit/cost study is a method of
comparing two ways of doing business. In this case, the benefits of automating business
were found to be more than not automating. After the benefit/cost study, PlanGraphics
conducted a series of interviews with the departments of the three participating agencies.
The meetings were used to educate potential user departments on the benefits of GIS as
well as determine the spatial and attribute data needs of the departments (see table 2 for

list of departmental meetings). Once the data needs of the various departments had been
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determined, the consultant in a series of other meetings with designated officials began
resolving the data sharing conflicts between the departments and agencies. By resolving
data sharing conflicts in this manner, KGIS avoided the inter-departmental rivalries that
can slow down the implementation of a GIS. The consultant then complied an inventory
of geographically based information. This inventory was used to create the detailed
database design shown in table 3.

After the database was designed, a data conversion vendor was retained on a
contractual basis. The vendor was responsible for aerial photography and the conversion
of aerial photographs and existing maps into digital format. A number of software and
hardware vendors were then invited to submit proposals on how their system could meet
the specified needs. In the interest of development time, a decision was made to go
ahead with a turn key system. An Integraph system was selected to run on Digital
Equipment Corporation’s (DEC) Microvax II with 16 terminals and 3 personal computers
on the network. After the hardware and software was acquired, the portions of the

database that were ready from the conversion vendor began to be loaded on the system.

Johnson City Geographic Information System

Johnson City’s approach to GIS implementation was very different from that used
in Knoxville. In Knoxville, as with many other places, the system was essentially
designed and implemented by an outside consultant; the database portion of the system
was developed largely by use of a third party conversion vendor responsible for the

converting photographs and existing maps into digital format.
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TABLE 2

DEPARTMENTAL MEETINGS TO DETERMINE NEEDS

DEPARTMENT AGENCY

Planning Commission City of Knoxville

Service Department
Waste Water
City Schools
Recreation
Fire Department
Police Department
Information Systems
Emergency Management
Public Service - Inspections
Public Service - Community Development
K-TRANS
Knox County
Highway
Code Administration
Computer Center
Property Assessor
Register of Deeds
Sheriffs Office
Health Department
Others
KUB
South-Central Bell
Tennessee Technology Foundation

Derived from (PlanGraphics Final Report for KGIS p. 1-2).
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The reasons for the development of Johnson City GIS are not any different from
any other GIS --- the automation of spatially related data for City departments. The idea
came about when those concerned with mapping were exposed to a GIS at a vendor
exhibition. Those exposed to GIS managed to sell the idea to the City and City applied
for a grant from the Federal Urban Mass Transit Administration. The grant was awarded
so the initial capital costs to the city were much less than is typically the case elsewhere.
According to Don Kiel, GIS Director, this allowed Johnson City GIS to develop much
faster than it would have normally been possible because the City was not immediately
burdened with servicing a debt. The low capital costs also meant that it did not cost the
user departments much to be part of the GIS initiative. Enthusiasm for this seemingly
"free" resource rapidly developed and user departments became willingly to allocate
personnel to work on the GIS.

Johnson City’s GIS was low budget initiative and as such the City could not
afford to hire an outside consultant or a database conversion vendor. Determined that
cost not be allowed to interfere with the development of the system, an alliance was
sought with East Tennessee State University. The alliance meant that a system was now
in place to recruit low-cost students to develop the database. In the selection of software
and hardware costs, once again, played a part in narrowing the choices for Johnson City.
A decision was made to go the GIS software package AUTOGIS produced by
Autometeric, Incorporated. The decision to go with Autogis was based on the fact that

Autogis was a comprehensive GIS software package available as shareware on
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government projects. Autogis was developed in the early 1980°s for large government

users --—- Bureau of Land Management (BLM), U.S. Fish and Wildlife Service, U.S.
Forest Service among many others. The package is fairly powerful and well
documented. Autogis is composed of three essential parts: the data entry package, for the
conversion of map information to digital format; the analysis package for statistical,
mathematical and geographic manipulations; and the output package, for the output to
hardcopy. An additional benefit of the software was that it ran on the existing Data
General MV 10,000 platform that City already had. Auton;etric’s contract with the City
also provided for on-site training sessions. Four City employees underwent the training
sessions. After the training was completed, work began on database development.
ETSU students began manual digitizing and data entry and by February of 1985, the tax
map layer had been completed. The tax map formed the basis for several other future
map layers. Over the next few years, the system gradually evolved with greater ETSU
participation. By August 1986, ETSU students had completed several database
development projects that were of immense benefit to the City. Table 4 shows the current

status of the database.

Eight Points For Consideration In GIS Implementation

As is evident from the experiences of Johnson City and Knoxville, GISs can be

implemented using different methods. Regardless of the implementation method
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employed, there are a series of common lessons that emerge that apply to any situation.
By analyzing the experiences of both Knoxville and Johnson City and others found in the
limited literature available, the researcher developed important information on eight
critical points that will give local governments an idea of the complexities involved and
a feel for some of the issues that must be taken into consideration when making decisions
on GIS implementation.

(1) Sell the Idea

(2) Perform needs assessment

(3) Establish communication

(4) Improve the organizational Structure

(5) Undertake financial planning

(6) Develop the database

(7) Define staffing needs

(8) Select hardware and software

Selling The Idea

Gaining support for GIS organization-wide is the is one of the keys to success.
The support of key individuals in decision making capacities will make it easier to secure
funding as well as personnel from various departments to develop the GIS. In the case
of KGIS gaining support of the various user department meant first educating them on

the benefits of the a GIS. In Knoxville the process was systematic. An outside
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consultant was hired to educate the departments. The initial GIS committee also sought
strategic alliances with the heads of each of three participating agencies. Early support
from the upper levels cleared the path at the lower tiers. Since Johnson City’s GIS
developed incrementally the issue of city-wide support was not as critical, The system,
however, rapidly gained an interested audience because no contributions were asked of
the departments to develop the system and secondly, the GIS administrators were able

to quickly deliver very useful products to interested departments.

Perform Needs Assessment

Successful GIS implementation is a very complicated and money consuming
endeavor.  Throughout the implementation and development of the GIS, local
governments should expect problems. There will be major disagreements between
departments, conflicts of hardware and software, software manuals that may be difficult
to read among many other problems. One of the best ways of minimizing problems is
to do a thorough needs assessments. Not many GIS administrators would recommend
that the needs assessment process be skipped or be done by internal staff. Although
hiring an outside consultant is expensive, the money is well spent in the long run.
Outside consultants are more likely to be viewed as objective by “turf oriented"
departments.  Consequently, consultant recommendations are more likely to gain

acceptance among the various departments.
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Establish Communication

Because the development of GIS is so complex, a great deal of communication
is required between project leaders and potential user departments. There are numerous
issues, such as conflicts in scale and format, that need be resolved by communication.
In Knoxville communication was fostered by designating one individual from the three
participating agencies to be contact person with associated departments. With a system

of communication in place, problems were resolved quickly and effectively.

Implementing a GIS requires consensus on a number of issues by as
as many of the potential users as possible. Decisions on database
accuracy, content, updating procedures and access privileges must be
decided upon before implementation. If the people designing the
database do not take into account the needs of the people who will be
using the system on a daily basis, they won’t use it... this requires
communication.?

Improve the Organizational Structure
Since GISs are still a relatively new phenomena, there is no time tested
organizational structure that has been "proven". Even with the relatively little

experience, organizational structures have emerged as one of the key components to

Parent, Phil (1990). "10 Points for Planning a GIS" Government Technology. Vol.
3. No. 2. p. 26-31.
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ensuring a successful GIS. Michael Kevany in his paper titled "A Review of Experiences

With Automated Mapping and Geographic Information Systems" recognizes the conflicts

that are likely to occur.

Responsibility for the automated system varies from place to place and

has sometimes resulted in turf battles. As a computer system, the data
processing department may have or demand control. On the other
hand, as dedicated mapping system ... the Public Works, Planning
departments may want control... In some cases disputes have arisen
when multiple organizations want control over map updating and
maintenance.?

Based on the evaluation of the experiences of Knoxville, Johnson City as well as
papers presented at the Urban and Regional Information System Association conferences,
a well defined GIS organizational structure is of utmost importance if a GIS is to be
successful. A fairly autonomous structure seems to work well. In Knoxville, the GIS
group does not directly report to any of the three participating agencies (City of
Knoxville, Knox County and KUB). Instead, the group reports to a GIS policy group
composed of the Mayor of Knoxville, the Knox County Executive and the General
Manager of KUB (see Table 5 for KGIS organizational structure). A GIS user committee
also exists and meets frequently to keep the flow of information between GIS

administrators and users departments open. Clint Brown in his paper titled

2IKevany, M (1987). "A Review of Experiences With Automated Mapping and
Geographic Information Systems". Selected Papers from PlanGraphics Inc. p.6.

61



"Implementing a Geographic Information System: What Makes a New Site A Success ?"

suggests that the GIS organizational structure should at the very least have the following

Manager. Has a broad general knowledge of GIS applications,
capabilities, and database requirements of the organization. The
manager should be experienced in personnel management and is
skillful at keeping staff motivated, loyal and working at capacity. The
manager leads coordination with the user community... The manager
knows how to estimate resources and costs and knows how to get
money and commitment to support the facility.

GIS Analyst. Has specific knowledge of the GIS and its use. The
analyst can design databases as well as analytical procedures required
for users’ applications. The analyst should be a strong communicator
who can listen to user requests and translate them into methods and
procedures for generating GIS products. The analyst knows how to
plan production steps for GIS applications.

Database Manager. Has a knowledge of GIS database design and
experience with data used in GIS applications pertinent to the
organization. The nmanager knows and understands mapping
principles. The manager organizes data sets into layers and descriptive
fields, chooses the data sources, levels of resolution, coordinates
systems and mapping procedures to be used. The manager should
know how to design attribute databases and associate this descriptive
data with map features. @ The manager should also know how to
develop automated map libraries and data dictionaries and can ensure
quality control.

Senior Processor. Has knowledge of using the GIS to produce products
outlined and specified by the GIS analyst. He/She knows how to use
the software, hardware and data to generate products. The processor
designs day-to-day product generation tasks. He manages simple
computer tasks performed by lower level processors.

Cartographer. Has experience and working knowledge of map
drafting/cartographic  principles. He/She provides support at two
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critical phases of GIS operation: 1) data entry and 2) map display.
For data entry, the cartographer complies and integrates map data
from many sources for automation including existing maps, aerial

photography, and satellite imagery. For map display, the cartographer
designs output maps to be produced by the system.

Digitizer/Key Operator. Has experience in general GIS operation
and/or key entry. The operator has responsibility for data entry

operations - digitizing, map editing and key entry of descriptive data.

Computer System Administrator. Has knowledge and experience in

maintaining a computer system, including all hardware, software,
peripherals and supplies. The administrator keeps the facility going.

Programmer. Has experience with using a GIS system and is proficient
at programming in FORTRAN, COBOL or similar languages. The
programmer is the developer of site specific applications. The
programmer may also develop and maintain macros to allow system
access to less experienced users. In this way, the programmer brings
the system closer to end users.

End Users. Have a general knowledge of the functions and capabilities
of GIS and how GIS can be applied to meet their needs. Users make
requests of the GIS facility to produce a specific set of well defined
products. The users have basic knowledge of the system capabilities
and of the resources which are required to produce typical products.
Users provide support and funding for GIS organizations. Their needs
are the needs the GIS must address. They are the ones to keep happy.
They are also the ones who typically require a lot of education.?

ZBrown, Clint (1986). "Implementing a Geographic Information System: What

Makes a New Site a Success ?". Proceedings of the ASPRS Geographic Information
System Workshop. p. 12 - 19.
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Undertake Financial Planning

Perhaps the largest consideration for local governments wanting to implement a
GIS, particularly the smaller ones, are funding questions. How the initial capital cost
and recurring operating expenses are met affects the success of a GIS. After talking to
GIS administrators and reviewing GIS literature, the researcher has come to the
conclusion that there is no commonly accepted "best" way of financing a GIS. This is
because the financial circumstances of each local government is vastly differs. GIS
administrators, therefore, have to work with "their" particular set of financial
circumstances.

Even though there is no best financing method of securing funding, KGIS is
recognized as having one of the firmest funding situations in the United States. Because
the developers had enough foresight to realize that the system should not be subject to
the budgetary whims of politicians in the Knoxville and Knox County or the budget
director at KUB, the system was funded by a $5.5 million dollar bond issue. In addition,
the three agencies signed a cost allocation contract agreement that underwrote, by one-
third each, the cost of developing the system. According to Michael Kevany, Vice
President PlanGraphics, this financial security is clearly partially responsible for the
steady progress that KGIS has made. The cost of depreciating the system is offset by
distributing it to the users department. This method of cost allocation ensures that there
will be enough money to replace and upgrade the system when it becomes obsolete.

Additional funding is obtained through contract work done for Tennessee Valley
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Authority (TVA). KGIS administrators have also targeted the University of Tennessee,
Oak Ridge National Laboratories (ORNL) and Tennessee Technology Foundation (TTF)
as future potential clients.

Johnson City’s GIS on the other hand was initiated with relatively small local
government investment as a federal grant had been obtained to cover most of the capital
costs. In addition, the GIS software Autogis, more commonly known as MOSS, was
available at the time as a public domain package. As most local governments know, the
days of substantial federal assistance are long gone. Still, in the opinion of the
researcher, local governments can obtain federal monies to finance a GIS if local
governments are creative. In the decades ahead, most federal money is likely to be
directed at national concerns --- environment, drugs and crime, health care, education
among others. Local governments should adjust how they write proposals to include how

a GIS can help address the national concerns at the local level.

Develop the Database

Contrary to the views of some, hardware, software and staffing expenses do not
constitute the bulk of initial expenses. Building the database is the most money
consuming expense. According to Phil Plant, a GIS Planner/Consultant with BSI
Consultants Inc., 60% or more of the cost of implementing a GIS program is building
the database. Building the database includes the design of the database, aerial

photography, the labor intensive conversion of photographs to digital format as well as
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inputting data into the attribute database. In essence, database development is an on-
going process that never ends as the database has to be constantly updated with new

changes.

Define Staffing Needs

The specifics of required GIS personnel have been covered in the organizational
section of this chapter. Local governments, however, need to be aware that it extremely
difficult to attract and retain qualified GIS personnel. Precisely put, the demand for
qualified GIS personnel far outweighs the supply. As in any free market, this bids up
the salaries and other perks that must be offered to entice personnel. According to the
PlanGraphics publication BENCHMARKS, a salary range of $50,000 to $60,000 is not
uncommon for GIS managers of large municipalities and utility systems and a range of
$40,000 to $50,000 for smaller organizations. Another staffing problem that plagues
local governments is the difficulty in retaining the best employees. While success of a
GIS partially depends of the quality of personnel developing it, local governments have
found it very difficult to retain skilled staff because of the more lucrative offers from the
private sector. Local governments should plan to compensate GIS staff at their full
market value.

Revision of local government recruiting practices goes hand-in-hand with trying
to recruit the best staff. Local government personnel offices have been known to be

bureaucratic messes. In most places of employment job seekers apply for jobs by
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sending in a resume, followed by an interview conducted by the division/department

hiring. In many local governments this relatively straight forward process is mired in
standardized forms, inappropriate for documentation of GIS skills, submitted to
"faceless” individuals who often know little of the special nature of GIS positions be
filled. With such hiring practices, local governments cannot expect to employ top-notch

individuals.

Select the Software and Hardware

The selection of GIS software and hardware should be as careful a process as
possible. Software and hardware is expensive and reversing a bad decision is nearly
impossible. Most leading GIS software packages are platform independent (run on a
variety of machines), and that makes the selection of software more important. Selection
of hardware, however, still remains an important issue as certain software packages may
not be fully compatible with certain platforms.

When selecting software and hardware, local governments should be very specific
about the functions that the software and hardware is expected to perform. Once a
comprehensive list of software and hardware expectations has been complied, the list
should be submitted to several vendors that are then invited to demonstrate how their
systems meet the specified needs. The researcher has developed the following set of

questions that should used a guide in the software and hardware selection process:
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1) Is the product well developed, easy to use and well documented ?

2) What other local governments are using the product and how do
they evaluate the product ?

3) Who will provide service, maintenance and support after
installation ?

4) What service warranties are provided ?

5) How long has the company been in business and it is stable ?

6) What are the visible and hidden costs ?

7) What kinds of training arrangements does the company provide ?

8) Does the product meet the needs of all the users ?

9) Does the product provide room for expansion and growth ?

10) Does the product interface easily with other products on the market ?

In conclusion, local governments wanting to implement a GIS system should
remember that one of the best and most inexpensive ways of learning more about GIS
and the complexity of issues involved is by visiting existing installations. Find out about
jurisdictions that seem to be similar to yours. Study what they did right and wrong and
learn from them. Finally, join one of the GIS professional associations such as the
Urban and Regional Information System Association (URISA). A wealth of information

is available in the form of annual conferences and publications of such associations.
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CHAPTER 1V
SUMMARY AND CONCLUSIONS

Summary

The impacts of using outdated data and data management methods affects
everyone everyday. Society feels it when it approaches local governments with routine
requests. Take for instance, the case of the developer who requests the deed history on
a parcel of property for development consideration. The local government that cannot
respond to such routine requests quickly imposes costs on society. The developer incurs
highe; costs in terms of lost productivity. Society, in general, also incurs the increased
cost of funding an efficient data management system. As the pressure on local
governments to modernize record keeping systems increases, more and more local
governments will be trying to implement GISs. The immense benefits of a GIS have
been mentioned previously. To recap, the benefits generally fall in four broad

categories:

1) Efficiency gains - increased productivity as the problems of duplication,
inaccessibility and the lack of integration are eliminated. Duplication is the
result of multiple record keeping by different departments of the same
organization. Inaccessibility is caused when otherwise useful information
cannot be readily located and retrieved due the method of storage. Lack of

integration is closely related to inaccessibility and occurs due to conflicts in
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hardware, software, procedural and jurisdictional barriers.

2) Additional capabilities - new types of advanced analysis that can now be
accomplished that were impossible without the GIS. For instance, the planner
who wants to identify areas suitable for new development can query the system
to produce maps of the areas meeting the specified variables of soil, terrain and
infrastructure. Weights can be attached to each variable so that the resulting
output indicates the degree of suitability. This type of analysis was not
possible before the GIS age and improves such planning functions as
comprehensive planning, growth management and day-to-day current planning.
3) Increased responsiveness - local are the first in line of those designated to
respond to natural and man-made emergencies that are life and property
threatening. The police, fire, emergency medical and hospitals can make use
of such GIS capabilities as tracking, route selection, mapping among many
others to improve emergency responsiveness.

4) Intangibles - those types of benefits that are not really quantifiable in dollar
terms. They include higher quality maps, improved ability to respond to client

requests among many others.

Unfortunately, the rush by local governments to embrace GIS technology at times
tends to overshadow some of the disadvantages. Many local governments do no realize

that GIS software is a very complex and takes a number of years to learn thoroughly.
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It has been estimated that ESRI’s ARC/INFO product takes at least two years of full time
effort to learn well. Because GIS software is so complex there is the growing concern
that as the software develops it may eventually become so complicated that it will
become inaccessible to the average user. Secondly, there is the concern of over reliance
on GISs. Because the GIS provides so much information, users may tend to forget that
the system is still a static snap shot of reality and does not reflect recent reality on the
ground. Local government Planners making plans based on system information need to
be keenly aware of this fact and make the necessary field trips to check on new
developments. There is also the age old concern that about computer systems in general
---- "garbage in, garbage out". In the days before database integration (DBMSs), this
problem did not cause that great of a concern as any "garbage" would only affect one or
two departments at most. With GISs, like all integrated systems, the system resources
are available to the entire organization. A seemingly small error, therefore, has the
potential to affect entire organizations. Finally, there are some very serious legal
questions involved in the operation of a GIS. It is a well known fact today that the entire
computer industry has tended to outgrow the laws that govern most aspects of life.
Although the cases that seem to get the most of the media attention are espionage and
computer hackers spreading "viruses", there are many other cases that go unnoticed that
already suggest that local governments expose themselves to great liability in the

operation of a GIS. Some of the reported cases include:
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* Computer improperly disconnecting public utilities for non-payment.

* Allegation of misleading financial information provided to subscriber of
computerized database service.

* Failure to renew patent due to error in not entering registration of patent on
computerized follow-up system.

* Margin call made due to inaccurate information in computer customer
account.

* Inaccurate information in consumer-credit reporting database giving rise to
liability due to failure to use reasonable skill and care in design of system to
ensure data accuracy.

* Human or computer error leading to failure to make municipal assessment.

* Computer controlled traffic signals malfunctioning causing green lights to
be displayed in both directions.”

The pros and cons of GIS aside, implementing a GIS requires a great deal of

planning and coordination. The implementation plans must address a wide variety of

topics including financing, database design, organizational structure, staffing among

many others, and the purpose here has been to develop information on the issues that

local governments should take into consideration before implementing a GIS.

GIS Definition

The term GIS is quite misused in the industry because the technology is still

relatively new and the industry does not yet have commonly accepted definitions and

BSookman, Barry (1990). "liability of Information Providers”. 1989 URISA
Conference Proceedings. Vol. 4 p.256-276.
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standards. As a result there are numerous software packages out there that are being

marketed as GIS capable. A true GIS has two essential components to it --- geographic

and information. The geographic part of the system refers to the system’s ability to |
handle spatial data. The information part of the system refers to the system ability to
link attribute data to special location or event. A complete package of hardware and
software designed to operate as a unit is commonly referred to in the industry as a
turnkey system. The essential ingredients of a GIS are therefore three --- software,

hardware and the database.

Database

The database is the most important portion of the GIS. The database stores the
graphic and attribute information. The fact that all the spatial and attribute information
is available to the user departments explains it’s powerful impact throughout the various
departments of local government. The database is the most money-consuming portion
of a GIS as it very expensive to build and must be continually updated if is to remain
useful. The data in the database is stored in three ways --- as graphic features, attribute
data and geographically referenced data. Graphic elements are stored as layers in the
database. Each layer stores information that is functionally related to the other elements
in the layer. Each layer is linked to other layers by geographic coordinates. Attribute
information is nongraphic information stored in the text portion of the database and

provides descriptive data associated with a particular graphic feature/s on a particular
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layer. Geographically referenced data is data about a specific location or event but not

associated with a specific feature on a map.

Conclusions

The GIS implementation process is a very complicated and involved procedure
and local governments wanting to implement a GIS should take the following list of
guidelines into consideration. The importance here is on the points and not the order.
This is because many of the steps can occur simultaneously or sequentially or be

interwoven throughout the implementation process:

(A) Sell the idea

(B) Perform needs assessment

(C) Undertake financial planning

(D) Develop the database

(E) Establish communication

(F) Improve the organizational structure
(G) Define staffing needs

(F) Select hardware and software

Sell The Idea. Selling the idea of GIS throughout the organization is critical to

gaining support for the GIS. The GIS must be carefully marketed at the upper levels of
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management where decisions are made. Promotional materials in the form of video
presentations and literature are available from vendors at little or no charge and should
be used.

Perform Needs Assessment. An objective and realistic analysis is absolutely
essential for database design and implementation. The assessment involves the
identification of all the information needs, both spatial and attribute, of the entire
organization. The process is technical in parts and requires experience, typically that of
a consultant. In addition, the process is used to take inventory of existing graphic and
attribute data.

Undertake Financial Planning. Decisions on the capital and operating costs
funding are very important to the success of the GIS. The funding arrangement needs
to worked out in advance between the participating agencies. Financing a GIS through
bond issue is one way of securing stable funding for the long term. Funding just through
normal operating funds tends tb leave the GIS open to the erratic cycles of the budgetary
process. A third method of funding is a cost-sharing arrangement between the users.
Cost sharing alone may discourage some potential departments from agreeing to be part
of the system, so it may be prudent to seek other funding sources. The cost-sharing
agreement needs to be worked in advance and signed by all participating departments.

Develop the Database. The development of database will be the most money-
consuming aspect of the GIS implementation. Plan to spend substantial amounts on aerial

photography and the conversion of the photographs into digital format. Aerial
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photography has to be repeated periodically so that the system continues to reflect the

reality on the ground. The facilities to do aerial photography will not exist in-house and

a conversion vendor needs to be hired for this. The conversion process is extremely

expensive and costs may run five to ten times the cost of the hardware and software.
Establish Communication. A system of communication is essential for every

stage of the implementation process. The whole process requires a great deal of

coordination that is only possible through well established channels of communication.

Improve the Organizational Structure. Develop a clear and well established

organizational structure that allows the GIS department to serve all the user departments
without the interference of turf wars that might otherwise creep in. An autonomous GIS
department, in most instances, seems to work well. A policy body responsible for setting
the general directions of the GIS should oversee the GIS department.

Define Staffing Needs. Hiring qualified staff is of utmost importance. According
to PlanGraphics most systems that have failed have failed because of inadequate staffing.
The market for GIS professionals is very tight and local governments should plan to
compensate GIS staff at their full market value.

Select Software and Hardware. Use the list of specific expectations to select the

software and hardware. Also use the ten guideline questions in chapter 4 in the selection

process.
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Suggestions For Further Research
It is clear that the future of GIS in local government is poised for a great takeoff

although not much information is not currently available to local governments on how

to go about implementing a GIS. This research contributes to removing the information

vacuum that currently exists in the GIS implementation process. There are still areas,

however, that require further research. Suggestions for further research include:

1) Creative and innovative ways for local governments to obtain funding for GISs.

2) Legal issues involved in the implementation of a GIS.

3) Organizational structures that are conducive to effective GIS administration.
4) Techniques for marketing GIS within the organization.

5) Techniques for enhancing communication and coordination.

6) New GIS applications for enhancement of local government functions.
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GEOGRAPHIC INFORMATION SYSTEM - SITE PROFILE

Location: Knoxville/Knox County, Tennessee
Contact Person: John Lutz
Participating Agencies/Departments:

(1) City Engineer

(2) Knoxville Police

(3) Knox County Property Assessor

(4) Knoxville Public Works

(5) Knox County Engineering Department
(6) Metropolitan Planning Commission
(7 Knoxville Emergency 911

(8) Knox County Highway Department
(9) Knoxville Utility Board

(10)

GIS Software: Intergraph

Hardware Platform: Micro Vax II
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GEOGRAPHIC INFORMATION SYSTEM - SITE PROFILE

Location: Johnson City, Tennessee
Contact Person: Don Kiel
Participating Agencies:

(1) Johnson City Planning Department

(2) City Enginnering Department

(3) Johnson City Transit

(4) East Tennessee State University

(5) Johnson City Water/Sewer Departments
(6)

)]

t.y

9

(10)

GIS Software: Autogis/ARC INFO

Hardware Platform: Data General MV 10,000
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INTERVIEW QUESTIONS

PART I; RAL
1. Provide a comprehensive recap of the events that lead up to the development of your

GIS. Please include information on the project initiator, selling of the concept to various
agencies, specific essential activities, plans of action etc.
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PART ITI: ORGANIZATIONAL STR E

1. Please provide a brief historical recap of how the current GIS organizational structure
was developed and the specific occurrences that resulted in this structure.

2. How effective is the organizational structure in the administration of your GIS ?
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4. Detail any changes that you think should be made to the organizational structure to |
improve GIS services.

5. What is the title and responsibilities of the individual ultimately responsible for the
GIS?
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6. To whom does this individual report ?

7. Please detail the relationship of the GIS to the rest of your local government.
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8. Comment on the future direction of your GIS. How were these plans formulated ?
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PART I1I: BENEFIT

1. What benefits have been realized by the implementation of your GIS ?

a. Reduced duplication of data collection []
b. Reduced duplication of data storage []
c. Increased accessibility of data []
d. Increased data sharing []
e. Improved analytical capabilities []
f. Cost savings []
g. [1]
h. []

2. What are some of the more preferred features of your system?
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PART IV: ANCIAL CONSIDERATION

1. How much did your system cost ?

2. What does this cost figure include ?

a. Hardware []
b. Software []
c. Technical Support [1
d. Training [1

3. How did you finance your GIS ?

a. Operating Funds [1
b. Grants []
¢. Bonds []

4. Do you have any other sources of funding ?

5. How was the cost of the system shared between the various
agencies ?
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PART V: SELECTION OF COMPONENTS

1. Comprehensively recap the process used to select the system components
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PART VI: DATABASE CONVERSI

1. Detail comprehensively the issues that need to be addressed in database conversion.
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PART VII;: HINDRAN: TO EFFECTIVE OPERATION OF Y 1

1. What have been the major stumbling blocks to the
effective operation of your GIS ?

COMMENTS

a. Cost sharing []
b. Jurisdictional and procedural battles []
¢. Support for the project []
d. Resolution of the different requirements of each []

participating agency [1]
e. Management of the project []
f. Inadequate organizational structure []
g. Lack of qualified personnel []
h. Inability of software to meet needs []
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