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Introduction

Geographic Information Systems [GIS) are a relatively new technology which can assist progressive
communifies to envision future development in an exciting new way. With GIS, existing community
parameters con be incorporated into projected future development to create o model of the community
as it might appear in the fulure. Effective planners can then utilize this model fo anficipate successful’
growth or predict potential problem areas.

The Center for Rural Pennsylvania recognizes the great polential of GIS as a community manogement
tool. However, the rapid proliferation of Geographic Information System (GIS} technology has left
some communities unaware of potential GIS benefits and therefore unprepared to make effective
ocquisition and utilizafion decisions. This guide is provided to infroduce ond encourage GIS
technology implementation in the Commonwealth of Pennsylvania.

Useful appendices to this guide include: o glossary of GIS terms; a partial list of consultants and
vendors; o list of potential GIS data sources; other potential sources of informafion; a partial list of
software manufocturers; three sample GIS systems; and three GIS cose studies in the Commonwealth
of Pennsylvania.

What is GIS?

A Geographic Information System (GIS) is a relatively new technology which combines database
features with powerful mopping tools to present information in a pictoriol format. Since communities
are defined geographically and since a piciure can be, *worth o thousand words", GIS is rapidly

emerging as an excelfent tool which con be ufilized to address and manage complex community
problems, :

GIS ufilizes locally-defined demogrophic and geogrophic features to create computer generated maps
in response to a variety of community issves. Many communities are now using a GIS to manoge
utilities, fronsportation, zoning, community services, construction, planning and taxation.

How does GIS work?

GIS employs a georeferenced bose [e.g., a mop] in combination with various data layers (e.g.,
boundaries, sireets, streams, schools, fire service areas). Layers can be added or deleted to simulate
the effects of various factors as they relote to a particular problem. Following are a series of
illustrations which demonstrate how o GIS works.
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Data in @ GIS are organized into layers. Each type of geographic enfity [point, line, area) is stored in its
own loyer. Typically, a GIS begins with a base layer. A scanned roster image of the areq, such as a
USGS DOQQ of USGS DRG, makes an excellent base. The base is the final judge of location and all
other data are corrected to the base. If your system does not support raster, boundary layers can be used
as a base for identifying control points. Boundary layers, such as county, municipal, quad sheets, ond ZIP
codes are common components of GIS systems because they cre readily available and easy to include.
Line layers representing features such as road centerlines, streams, end railroods are readily available
from the Census Bureau, but generally do not have the accuracy necessary for municipal level
applicotions. These layers will probably be digifized in, or corrected, by you or your vendor. Detailed
local dota such as properly parcels, sewer lines, woter lines, gos lines, eic. will be entered by you or your
vendor.



Figures x.x {8 total} are examples of areq, line, and peint layers from a statewide environmental resource
inventory GIS. The files that created these layers are available from the Pennsylvanic DEP. The pomt
layers are not included on the composite map.
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Figure x.x: State Boundary layer depicted as a polygon

Figure x.x County Boundaries depicted as polygons
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Figure x.x: Locations of Oil and Gas Wells depicted as points
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Figure x.x: Location of State Parks depicted as polygons




il

Figure x.x: Locations of National Parks and Landmarks
depicted as polygons
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Figure x.x: Combinations of data layers can be displayed
together for visual inspection or geographic analysis.




The following 8 Salisburg Borough maps ore examples of areaq, line, and point layers from a municipal GIS.
These layers are typicol of municipal systems. The parcel layer in a municipal system often serves the function of o
base layer and water and sewer lines are positioned relative to parcel boundaries.

Saltsburg Borough Saltsburg Borough
Municipal Boundary Water Distribution Lines

Saltsburg Borough Saltsburg Borough
Property Parcels Water Line Valves
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Saltsburg Borough Saltsburg Borough

Sewer Collection Lines Conemaugh Riverbed

Saltsburg Borough Saltsburg Borough
Sewer Manholes _ Compeosite Map
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How can GIS technology be used?
GIS uses are virtuolly unlimited. Following are a tew sample applications.

Boroughs and townships store property records for each parcel of land within a local area and
incorporate this data into o combined GIS map which indicates ownership, structures, land uss,
zoning regulations and other relevant property information.

Utility companies mointain precise defails of underground pipe and wire networks, thus resulfing
in improved safely and effeclive repairs.

Transportation authorities pinpoint traffic and accident troublespots and develop solutions to
complex Iroffic safety issves.

Emergency service providers determine the origin of "911" calls and automatically dispatch an
appropriate response.

How might GIS technology be applied in my community?

Following are o few sample problems which demonsirate how GIS might be utilized to address local
problems and issues. '

Provide all parcels of land in this fownship, which ore: over two acres in size; within three miles
of an interstate highway exil; are zoned for agricultural use; have sewer and water; are within five
miles of an elementary and middle school; and which are currently for sale.

Provide all intersections in this county which do not have a traffic signal and which have been the
scene of a personal injury accident within the post five years. Highlight those intersections which
have been the site of at least ene fatal accident.

Given certain demographic characteristics, denote potential locations for a prospective new
business and weigh the effects of accessibility to transportation arteries, overhead costs [rent], and

proximity to competitors, to determine the best potential site.

Provide the optimum school bus routes, based upon child population by age/grade level and the
hours of operation for each area school.

Provide information and establish routes for police vehicles, based upon: crime demographics,
traffic potterns, and availability of staff.

Who is Using GIS in Pennsylvania?

The following information was compiled from a survey of GIS users in the Commonwealth of
Pennsylvania.



What Types of Organizations use GIS?

Businesses are currently the predominant GIS users {36%} in the Commonwealih of Pennsylvania.
Counfies are the sacond most common users {26%). Additionally, 18 universities, 11 municipal
governments, 11 regional agencies, 9 slate agencies and 7 Federal Agencies are current GIS users in
Pennsylvania.

Which Software Packages are most commonly used?
GIS software preferences are more diverse than expected. Survey respondents reported 32 separate
software packages currently in use although many of these are ulilized by only a few organizations.

According to the survey participants, the most common software used was Arclnfo.

Another interesting finding is that more that half of the organizations surveyed use more than one GIS
pockage. Only 46% rely on a single package, while the balance of the users listed two fo four

pockages-a pattern which is perhaps indicative of experimentafion. County agencies own the fewest

pockages (1.5), while universities averaged 2.8 software packages per respondent.
Are some GIS Packages more suited to specific uses?

According to the survey, the funcfions included in o software package are generally defined to meet
specific needs. Some packages are specifically designed to support government and analytic tasks.

Others are designed to provide routing and locating information. Still others provide demographic,

market or environmental analysis. ‘

What is the predominant hardware and software currently in use?

Seventy-six percent of the survey respondents use PC compatible computers with DOS or Windows,
while slightly more than half utilize UNIX systems. As noted, many organizations run more than one
type of system. Only three organizations reported using Macintosh computers.

The following table details the distribution of computer plotforms by organizatfion. State, county, and
municipal agencies are evenly split between DOS and UNIX platforms. Federal agencies favor UNIX
based systems, while businesses and universities favor DOS/Windows platforms.

Platform/ MAC DOs/ UNIX Windows Mainfrome
‘Organizafion Windows NT

County 0 26 25 1 1
Federal 0 3 6 0 0
Municipal 0 7 6 0 5
Corporate 3 44 30 3 8
Regional 0 10 2 0 0
State 0 6 5 0 2
University 0 17 6 1 1
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How much will it cost?

Typically, a low cost GIS can be obtained ot a cost betwaen $10,000-$15,000. This includes:
hardware [$5,000), software {$800-$1,500), data ($3,000-$5,000}, and training ($2,000]. Such o
system might be used to schedule and route deliveries, prepare documents, serve os a base fo plan
municipal projects, and track trouble areos {e.g., pot hole, accident, and crime scene reports).

A higher performance GIS can be obtained al a cost between $45,000-$90,000. This includes
hardware ($15,000-$25,000); software ($5,000-$10,000); data {$20,000-$50,000}; training
[$2,000); and miscellaneous costs {$3,000). A high performance system might be employed by
medium-sized municipal authorities, large county offices, utility companies, regional planning
agencies, and researchers. Typically, an organization might have several of these units localed in
different offices, each performing specialized functions. These systems are used for transportation
modeling, project management, watershed analysis, environmental analysis, and focilities
manogement.

Advanced systems are used by state ond federal agencies to develop complex models or simulations.
These are invariably networked multi-user systems and their cost can vary greatly depending upon the
size of the network.

Geographic Information Systems are now availoble to meet o wide variety of needs and budgets.
Three sample GIS systems, with hardware, software and itemized costs, are provided as an appendix
to this publication. '

What is the best method to acquire a new GIS?
Following are the integral steps to a GIS acquisition. The scope of each phase increases in direct

proportion fo the size of on organization and/or system installation. The appendices contain more
detailed guidance regarding the processes involved in each step.

System Visualizotion-A GIS purchase is considered and potential uses are visualized as they relate
to the information management needs of the organization.

Needs Assessment-Organizational tasks are onalyzed in regard to current personnel, fime and

economic expenditures and weighed against the potential benefits which GIS could provide to
each task.

Feasibility Study-Cost/benefit analysis is performed regarding potential GIS solutions. What is
the cost of “business as usual” as compared to various GIS platforms2

Conceptual Design-Hardware, sofiware and access controls are visualized.

Implementotion Plan-An implementation plan can cover various aspects of the installation,
depending upon the size of an orgonization. These aspects may include: a Request for Proposals
(RFP}, vendor selection, contract specifications, delivery, system development and expansion,
training, and production schedules.
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As noted above, o GIS acquisition requires complex planning. Fer this reason, a vendor-
independent GIS consultant [a consuliant which is not connected to the vendors or installation in
any other way} can provide objective advice and is recommended for most organizations.

A consultant can provide the indepth knowledge of photogrammetry, compuler science, geography,
cartography, database orchitecture, and information interchange which is frequently required to
perform the tasks associoted with each phase of the acquisition process. A skilled consultant can:
determine detailed GIS requirements which are tailored to the acquiring organization; develop a
Request for Proposals [RFP) based upon those requirements; evaluate vendor proposals in response to
the RFP; ensure that all technical specifications are met; and reconcile problems between the vendors
ond the organization. A list of potential consuliants is provided as Appendix B to this manval.

Questions to Ask Regarding Prospective GIS Consultants

1. What qualifies this consultant to undertake our projeci? What similar projects has this consultant
undertaken? Can the consultant provide references?

2. Does the consuliont sell GIS software/hardware/dota services, eic.? What GIS companies
thardware, software, and service agencies) does this prospective consultant routinely work with? s
there potential for a conflict of interest?

3. What are the specific qualifications of each individual who will work on our project?

4. Can this consultant conduct a needs analysis, feasibility study, and develop a Request for Proposal
{RFP)? What is the cost for each of these steps?

5. Can this consuliant provide training?

6. Will this consultant provide some or all of the necessory data?

Conclusion

A Geographic Information System is an effective planning and anclysis tool which can be effectively
utilized by municipal governments and small businesses in the Commonwealth of Pennsylvania.

Further, the technology and expertise to install GIS ot a local level is readily available at prices which
are no longer prohibitive. :

The Center for Rural Pennsylvania supports the establishment of GIS in rural communities and believes
that GIS can be an effeclive tool to address growth and development while maintaining and
enhancing the rural environment in Pennsylvania’s communities. However, effective leadership and

citizen involvement remain as the essential elements to successful community planning, without which
no tool can be effective.

For further information about GIS, please contact Dr. Robert Sechrist, Indiona University of

Pennsylvania, at (412} 357-2251. For information obout this or other Center for Rural Pennsylvanio
programs, please contact the Rural Center ot {717) 787-9555.
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Appendix A
GIS Glossaries
There are many more complete GIS glossaries available. The most comprehensive we have found are:

The PHB Practical Handbook of Digitel Mapping Terms and Concepts by Sandra Arlinghaus. CRC
Press. 1994,

A Praclifioner’s Guide to GIS Terminology: a Glossary of GIS Terms by George Prescott. Data West
Research Agency. 1995.

A PARTIAL GLOSSARY OF COMMONLY USED GIS TERMS

ARC/INFO: A computer software product used fo automate, manipulate, analyze, and display
geographic data in digital form.

ARRAY: a method by which information is stored in o computer. Multiple elements are linked. A two-

dimensional array is a matrix of values each stored in its own cell. Stondard YGA monitors display
information in o 640 by 480 cell array.

ATTRIBUTE: A choracteristic of o geographic feature described by numbers or characters and linked
to the feature by a user assigned identifier.

BASE MAP (BASE LAYER): A map containing geographic features, used for locational reference. This

layer establishes accurocy levels. The locations of other features are tied to the base through
registration.

BOUNDARIES: A standard map data feature consisting of political boundaries that identify States,
counties, cities, municipaliﬁes, and odministrative boundaries which idenﬁfy areas such as National

and State forests.

CAD: Computer-aided Design. An automated system which designs, drafts, and displays graphically
oriented information. '

CADD: Ceomputer-aided Drafting Design {See CAD)
CD: Compact Disk
COMMANDS: Instructions which control the activity of @ computer system.

COORDINATES: An x,y location in a Cartesian coordinate system, or an x,y,z location in a three-
dimensional coordinate system, representing @ geographic location on the Earth's surfoce.

COVERAGE: A digital map which forms the basic unit of vector data. A coverage contains primary

feature data in the form of ARCS, NODES, POLYGONS and LABEL POINTS and secondary features in
the form of TICS, MAP EXTENT, LINKS, and ANNOTATION.
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