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GEOGRAPHIC INFORMATION SYSTEMS:

SOME CONSIDERATIONS FOR USE IN GEOGRAPHIC RESEARCH AND ANALYSIS

ABSTRACT: The major considerations for acquiring and using a

geographic information system (G..I.S.) for regional or national

geographical research and analysis are examined in this paper.

After defining what a G.I.S. is, some of the more practical and

useful functions of a G.I.S. in day-to--day geographical work are

outlined. Finally, the importance of evaluating the accuracy of

the mapped data that is to be input into the G.I.S. and the ways

that geographers can improve on accuracy when compiling their own

study maps for input into a G.I.S. are explored.

INTRODUCTION

Geographic Information Systems. This term, probably more

than any other, is geography's "buzz word" of the 1980's. This

attention is being given in the academic sector of geography as

well as in private organizations and all branches of government.

Local school districts are using geographic information systems

for planning cost effective bus routes and for new school siting;

state departments of natural resources are using geographic infor-

mation systems in managing state timber and mineral resources;

and federal agencies are using geographic information systems in

developing policy for such issues as acid rain and energy (see

Appendices A, B, C).



As with most any new idea, product, or philosophy, there is

a great amount of initial publicity and sensationalism. For geo-

graphic information systems this at times has resulted in dis-

appointed or frustrated users, inappropriate use and less than

adequate results.

The questions can then be asked, "I-low can a geographic

information system be used in geographical analysis?" and "What

are some important points and concepts that should be considered

when one is to implement geographic information system technology

in a traditional geographic research and analysis setting?"

GEOGRAPHIC INFORMATION SYSTEMS: WHAT ARE THEY?

Because of the newness of the term and the confusion sur-

rounding the many claims about what a geographic information sys-

tern (G.I.S,) is and can do, it would be well to briefly define

what a G.I.S. is. Three definitions will be used: a physical

definition, an analytical or etymological definition, and a func-

tional definition. The three definitions serve to describe three

different aspects of a G.I.S. so that the reader can gain a better

conceptual understanding of how a G.I.S. fits into traditional

geographic research and analysis.

Physical Definition

Physically, a G.I.S. consists of four main components: a
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computer to store, manipulate and analyze data, an input device

to digitize map data and transmit these data to the computer, an

output device to display the data and the various data analyses,

and software, that is, the programs to run the first three com-

ponents and to integrate them into a functioning system.

Analytical/Etymological Definition

An analytical or etymological definition looks at the term

itself, geographic information system. Geographic refers to the

important fact that the data in a G.I.S. is geographic, that is,

it is earth addressed. (Conceivably, however, a G.I.S. could be

used on the moon or another planet for such things as mineral

exploration. In that case it would not be earth addressed.) All

data in a G.I.S. ultimately have a unique address on earthts sur-

face. This address could be in terms of latitude and longitude,

state plane coordinates, U.T.M. grid or U.S.P.L.S. georeferencing

systems.

Information refers to the fact that each of these uniquely

georeferenced areas or points has information or attributes

associated with it. These attributes could include such things

as soil type, elevation, slope, aspect, geology, or land use, or

it could be a label .such as a name or number. Awel.l designed

G.I.S. can be tied to a fully relational data management system

which can create, manage, and selectively call up georeferenced

tables of statistical data, thematic data, numbers, dates, or
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text, as well as tables of interpretive data or graphic symbols.

Martin (1983, ch. 9) has very concisely described the practical

workings of a relational data base.

System refers to the integrated system of the computer, the

input device, the output device, and the software that have been

mentioned above. It is the ability of these four components to

work together in data acquisition, data inputing, data updating,

data analysis, data syntheses, and data display that make them a

"system.

Functional Definition

For a functional definition, a G.I.S. is, quite simply, a

tool. As seen from the discussion above, it is a tool to acquire,

input, update, analyze, synthesize, and display, spatially

oriented, georeferenced data. It is-a tool that allows managers

and decision-makers to consider vast amounts of data and various

combinations of these data not only spatially but temporally as

well. It then allows one to display these data to facilitate

communication with others so that (at least in theory) wise,

defensible decisions can be made.

The Philosophical Role of G.I.S.'s in Geography

With these three definitions in mind, it should be pointed

out that a G.I.S. is not some magic bo that contains all, the
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answers, it has no artificial inteliigece of its own. It does

not make decisions, it only analyzes data as prescribed by the

user. Hence, an important point to remember is that the user

needs, as always, to have a clear idea of what data are going to

be needed and how the data are to be manipulated to solve a given

problem. The user still needs to assess what the analysis can

and cannot reveal about the given problem. It is still up to the

user of a G.I.S. to specify how to analyze the data, how to

ascribe value or rank to the data, and it is still the user that

uses the analyzed data to make decisions.

The decision-maker is still the human being and the role of

the geographer in the environmental planning process is still very

much the same. The geographer will still develop models and

"if/then" scenarios. The geographer will still use benefit/cost

analysis, input/output models, and "pro/con" arguments. The

geographer will still separate the "do know" information from the

"don't know" information and the "can know" information. And the

geographer will still have a role in informing and advising the

public and politicians. A G.I.S. is merely a powerful tool in

assisting the geographer in these various roles.

G.I.S. vs. C.A.D. and C.A.M.

A thorough understanding of what a G.I.S. is and what a

G.I.S. can do is important for anyone who is contemplating using

or purchasing a system or considering having G.I.S. work con-
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tracted out. Many vendors of computerized hardware and software

have a vague concept of what is really meant by the term "geo-

graphic information system" as well. Two commonly confused terms

are C.A.D. and C.A.M.

C.A.D. stands for "computer aided drafting (or design)" and

as the name implies, its use is for drafting and design in the

engineering and construction industries. Notable features of a

C.A.D. system include the ability of showing hidden lines, skele-

ton drawings, 3-D views, and the ability to rotate each of the

axes to show a different perspective.

There is nothing inherently georeferenced in a C.A.D.

system, hence the ability to overlay georeferenced data and to

plot data from a georeferenced data base is lacking. As a result

of there not being a georeferenced coordinate system, there are

no map projection changes possible as everything is in a basic

x,y,z, Cartesian coordinate system. Because of this, accurate

area and length determinations of large earth surfaces is not

possible. So while they are extremely useful to designers and

engineers, a C.A.D. system has limited value in geographic re-

search and analysis.

C.A.M. stands for "computer aided mapping." The basic

use of a C.A.M. system is in drawing line maps. A C.A.M. system

can select certain types of lines and points from the data base

and display these with a certain symbol. Various types of roads,

various types of boundaries, trails, streams, etc., could all
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have their own unique symbolic representation on the map.

Because of this, C.A.M. systems are used extensively for engineer-

ing applications.

Maps in a C.A.M. system are digitized and input into the

computer in much the same way as in a G.I.S. This usually is done

by an electromechanical digitizer which consists of a flat table

with an internal (x,y) matrix of ±.005 inch resolution. A hand

held cursor registers a point on the map in terms of its (x,y)

position on the table whenever the operator pushes the urecordhi

button on the cursor. This point is then recorded by the computer.

However, the data structure in a C.A.M. system is different.

All of the data in a C.A.M. system are treated as a series of

lines with minimal descriptive information and no topological

relationship between the lines is specified. A true G.I.S. con-

siders the areas bounded by the lines as well as the lines them-

selves and their spatial relationships. Each point, line, and

area may have multiple attributes as well.

A digital data file of cartographic/geographic data that

maintains the spatial relationships inherent in the map is called

a topologically structured data file. A topologically structured

data file has explicitly coded the spatial relationships that are

implied on the paper map (McEwen et al, 1983).

Although a CA.M. system can overlay these line maps, the

coincidence of areas outlined by the lines cannot be studied.

For example, queries such as uplot all areas that are in land use



type "A" and sofi type "B" cannot be accomplished.

GEOGRAPHIC INFORMATION SYSTEMS: USES IN GEOGRAPHICAL RESEARCH

How, then, can a geographer use a G.I.S. for day-to-day geo-

graphic research and analysis? There are several notable tasks

that can make use of relatively simple G.i.S. operations. It is

important to become aware of these basic uses of a G.I.S. because

projects can then be designed and managed in such a way as to make

best use of G.i.S. capabilities as well as traditional techniques.

Moreover, by becoming aware of G.I.S. capabilities, new projects

and techniques can be thought of in terms of a G.I.S. using the

added dimension and capabilities of such a system. Table 1 sum-

marizes ten basic G.I.S. capabilities while Appendix 0 is a list-

ing and brief description of commands from two major G.I.S. pack-

ages. Berry and Tomlin (1980) discuss in great detail the analy-

sis aspect of a G.I.S. and Tomlinson and Boyle (1981) discuss

several practical featurésof an operational G.I.S. The following

descriptions are of some very useful operations for the geographer

or cartographer.

Map Enlargement/Reduction and Projection Changes

Perhaps one of the most useful of these operations would

be in map enlargement/reduction (i.e. scale changes) and map pro-

jection changes. Pertinent data for a project are usually con-
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Summary of Desirable G.I.S. Capabilities

The ability to digitize data from maps at any of the eight
standard scale/projection combinations listed in Table 2 and then
the ability to replot these data at any of these eight scale/pro-
jection combinations. (This is basic enlargement/reduction work
that is generally done by optical projection methods with its in-
herent map projection and optical distortion problems.)

The ability to plot tabular data from a data base or digitized
data from a map onto computer-generated base maps and onto exist-
ing published maps. (Computer-generated base maps would be maps
such as those from the Cartographic Automatic Mapping (CAM)
program developed by the Central Intelligence Agency. Existing
maps would include U.S.G.S. published maps such as the 1:2,500,000
scale map of the U.S., 1:500,000 scale state maps, or even
1:250,000 scale quadrangles.)

The ability to search for and then plot and label points from
a data base at specific latitude/longitude coordinates on computer-
generated maps and existing published maps.

The ability to easily edit and update data in #1 and #3 above.

The ability to '1overlay" and then plot onto one map any com-
bination of classed data from digitized maps and/or data bases,
such as geology, land use, alkalinity classes, potential natural
vegetation, etc. using the boolean operators: and, or, not. This

is to be done with perfect boundary registration and minimal
ttslivering" of map attributes.

The ability to plot onto paper, tracing paper, mylar, acetate,
or scribing film, up to 48 x 60 inches in size.

The ability to color in polygons with user specified and
defined colors and patterns such as the color/pattern chart for
the National Atlas of the U.S. by the U.S.G.S.

The ability to determine areas of mapped classes and polygons
and various combinations of mapped classes and polygons. The

ability to do statistical analysis and calculations, and the
ability to put data in tabular form.

The ability to "edge match" maps of the same scale and pro-
jection. This is the ability to separately digittze several

9



TABLE I (Cont.

adjoining maps such as the 1:24,000 scale map series and then have
these data plotted onto one map such that the "edges" coincide and
register accurately. The system should have the ability to make
a separate file of this combined map for future use.

10. The ability to "edge match" several adjoining maps at differ-
ent scales and projections and have this data compiled onto one
file for plotting at one common scale and projection such that the
"edges" coincide and register. This is a very powerful, useful
and extremely desirable function.
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tamed on maps of various scales and/or projections. This is due

in part to the nature of mapped information where thematic

features (such as soils, geology, and land use) are usually con-

tained on smaller scale "thematic" maps and features such as

hydrography, road networks and elevation data are more accurately

found on larger scale "general" maps. This is due to line gener-

alization on the smaller scale maps (Robinson, Sale and Morrison,

1978, 8-12). There is also the fact that many times the necessary

maps come from different sources (e.g. the Environmental Pro-

tection Agency, U.S. Forest Service, United States Geological

Survey, National Oceanic and Atmospheric Administration, etc.).

Compiling relevant information from these various source

maps to a common scale and projection has always been a major

headache for the geographer or cartographer. This can be fairly

easily done by digitizing the needed information (such as bound-

aries, points, rivers, etc.) from the original maps. The G.I.S.

will prompt the user to input the scale and projection of each of

the original maps before the needed information is digitized. It

will then mathematically convert all the data to a common, user-

specified scale and projection and plot the new map onto paper,

mylar or tracing paper, for use by the geographer.

It must be remembered that there are line generalization

problems with scale changes in a G.I.S. as well. For example, if

Chesapeake Bay were digitized at a scale of 1:1,000,000 and then

plotted at a scale of 1:100,000 the plotted map would appear



rather crude and imprecise. If the map were digitized at a scale

of 1:100,000 and plotted at a scale of 1:1,000,000 there would be

a blotchyH appearance to the line work as many of the line crenu-

lations would fill in at the smaller scale. Several line smooth-

ing algorithms can improve this line quality (Monmonier, 1982).

Tables 2 and 3 summarize this information on common scales

and projections as well as physical dimensions of maps commonly

used in regional and national geographic analysis and research.

Knowing the physical dimensions of commonly used maps is important

for determining the necessary size of input devices and plotters

that need to be purchased.

Once the data have been compiled, the finished map is

usually needed at various scales for publication, archiving,

analysis, overlaying, and display. Again, this can be quickly

done via a G.I.S. merely by iriputing the desired scale.

Related to these scale and projection transformation needs

is the ability to make various map overlays of single map para-

meters, such as soils or land use, at a common scale and projec-

tion. These then could be used for display or used for tradi-

tional "McHargian Overlay Analysis" using a light table. Here

again, source material is many times at various scales and pro-

jections.

Traditionally, these enlargement and reduction operations

have been done via an optical projection method and hand tracing,

or by the use of a copy camera.
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Scale

1:7,500,000
1:2,500,000
1:500,000
1:250,000
1:100,000
1:62,500
1:50,000
1:24,000

TABLE 2

Standard Scales and Projections of Maps
Used in Regional and National Geographic Research

TABLE 3

Example of

Dimensions of Large Maps
Commonly Used in Geographic Research

Size (Inches) Map

42 x 54 1:2,500,000 of the U.S. (2 sheets)

42 x 48 1:500,000 Montana (2 sheets)
42 x 54 1:500,000 Colorado (1 sheet)
46 x 63 1:500,000 California (2 sheets)

13

Projection

Albers Equal Area
Albers Equal Area
Lambert Conformal Conic
Transverse Mercator
Transverse Mercator
Polyconic/Lambert Conformal Conic
Polyconic/Lambert Conformal Conic
Polyconic/Lambert Conformal Conic
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Optical projection is obviously extremely slow and labor

intensitive and, as we shall see later, can be fraught with human

and projection inaccuracy. Using the copy camera can still be

inaccurate due to projection changes. By using a

these new maps or overlays are stored digitally and can be output

in a matter of minutes at any scale and projection whenever another

copy is needed.

Addition of New Data

Another very useful procedure that replaces optical pro-

jection methods or "eye-balling" is the adding of data onto exist-

ing maps, such as symbols or boundaries for ecoregions, vegetation

type or land use. This new data may have been compiled at one

scale and projection and needs to be transferred to existing maps

at another scale and projection. By digitizing these data on the

original work map in latitude/longitude coordinates, this new

information can be transferred to previously published maps by.

simply orienting them on the plotter and specifying the scale and

projection.

Coordinate Determination

A related scale/projection problem is using a G.I.S. to

determine coordinates. Once the map has been oriented on the

digitizing table, the computer can accomplish this by inverting
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the particular projection aquation and using the digitizer coordi-

nates to solve two mathematical formulas, one for the latitude

coordinate and one for the longitude coordinate. For instance,

the geo-coordinates of various river miles or sample stations or

lakes may need to be determined. By using the cursor on a digi-

tizing table (after the corner coordinates of the map have been

oriented and input to the G.I.S.), the coordinates of the desired

points can be found and read from the computer. The use of

dividers or direct ratio measurement has traditionally been used

to determine these coordinates. A G.I.S. again offers a savings

in time and increased accuracy.

This increased accuracy may be important as many field

crews and air flights for photography or other remote sensing

imagery are now using "Loran C" or similar navigational equipment.

This allows for very precisely locating sample sites or other

boundaries in the field.

Length and Area Measurement

Lengths and areas have traditionally been measured on maps

in a number of ways. Map wheels (opisiometers), lengths of

string, dot grids, cutting and weighing pieces of paper, polar

planimeters, arid electronic planimeters have all been used. Now,

since each digitized point on a digital map has a known geo-

coordinate, precise mathematical methods can be used to make these

measurements. Because lengths and areas can be more easily
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measured using a G.I.S. and because accuracy is improved, more

meaningful statistical analysis can be accomplished.

Area determination using a computer employs rectangular

or spherical coordinate methods. In the rectangular coordinate

method, trapezoids are formed by projecting line segments from

the points bounding the study region, upon one coordinate axis

(usually the y axis) (Figure 1). From this, the areas of the

trapezoids which include area inside as well as outside the study

region are added. From this sum is subtracted the areas of those

trapezoids falling entirely outside the study region (Muehrcke,

1978, pp 199, 200).

The spheroidal coordinate method employs a similar pro-

cedure of adding and subtracting geometric shapes. In this method,

spheroidal triangles are created us'ing geodatic coôrdi

nates. These triangles are formed by projecting line segments

from the points bounding the study area, to a common vertex which

is always the North r Soutft pole. (figure. 21. As wllth. the. trapezoid

method, areas are added that include area both inside and outside

the study region. From this is subtracted areas of triangles that

fall entirely outside the study region (Kimerling, 1979).

Map Overlay Analysis

One of the most powerful and useful capabilities of a

G.I.S. is automated map overlay analysis and display. This is the

ability to precisely overlay two or more maps such that each geo-
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Area ABCDEF (area BCcyby + area CDdycy) -
(area DEeydy + EAayey + area ABbyay)

Figure 1. Determining the area of polygon
ABCDEF using rectangular coordinates.

Source: Muehrcke, 1978
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Area ABCDEF = (area OBC + area OCD + area ODE)
(area OAB + area OEA)

Figure 2. Determining the area of polygon ABCDEF using spheroidal
triangles created from geodeti:c coordinates.

Source: Kimerling, 198'4
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referenced point on one map exactly matches or uoverlaysu its

identical point on the other map(s). Map overlay analysis uses

the boolean algebra operators and (intersection), not (exclusion),

and or (union) to integrate and aggregate the data contained on

the various overlaid maps (figures 3 and 4). The geographer can

then specify which combinations of data are to be displayed. As

a result of using these operators, the specified or desired areas

are then plotted. These maps can reveal the driving or integrat-

ing factor(s) of a particular phenomenon and can reveal the

spatial distribution of a phenomenon without the clutter of other

data being shown.

For example, suppose one wanted a map of all areas that had

a particular land use type anda certain soil type, or perhaps a

certain vegetation cover and a certain seasonal maximum tempera-

ture or a certain seasonal minimal temperature. Several combina-

tions can be used together to identify, for example, potential new

orchard land by plotting all land that is of soil type A or B or C

and zoned: either A or B and is not greater than slope A and not

have an aspect of A or B.

The usefulness of these operations is that only particular

areas of interest are identified and shown on the map without the

clutter of all variables and combinations being shown. The rela-

tive importance, size and location of these particular areas

can then be more easily seen and further investigation and analy-

sis can be planned.
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Figure 3. Map Overlay Analysis
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Figure 4. Boolean Operators
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An added advantage is that many different combinations of

attributes and many different combinations of weighted values for,

these attributes can be quickly identified and plotted. These

different combinations can be revealed moreor less interactively

on the computer C.R.T. and only the desired one(s) needs to be

plotted. Traditional "light table gymnastics" of superimposing

several tracing paper or mylar overlays and the time expenditure

of creating the overlays in the first place can now be avoided.

Ties to Data Bases

Many times a G.I.S. is thought of just in terms of mapping

ability. A very powerful feature that is often overlooked is the

ability to tie into a relational data base and extract pertinent

information for geographical study. The federal government is

rich with public domain data bases on a multitude of topics, such

as weather, water quality, fish counts, census data, etc. These

data are usually in a tabular, sequential or hierarchical form.

Many times the ability of a G.I.S. to use data to create tabular

information is just as important and desirable as its mapping

ability.

As an example of using data base to plot a map, streams

and rivers are many times referenced by stream or river miles.

Each of these stream mile points would be georeferenced. A

stream survey then may consist of tables of data related to each
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of these georeferenced river miles. These data might consist of

fish counts for various years, such as the number of fish species,

a listing of those species, the average weight of those species,

and any other useful information. From this information, the

G.I.S. could be asked to plot out all streams and rivers that have

a particular species of fish, or a certain number of fish species,

or to plot out all streams that have shown a decrease in fish

species during the last five years. Any number of other questions

could be asked.

This feature of a G.I.S. allows the geographer to integrate

several useful methods and sources of information. 11aps, surveys,

data bases, and statistics can be combined and then graphically

presented in a variety of combinations. This allows the geo-

grapher to use the power of spatial communication found in a map

with the power of information searching and organizing found in a

computer to synthesize information and display it.

GEOGRAPHIC INFORMATION SYSTEMS: SOME TOPICS FOR CONSIDERATION

We have now seen what a G.I.S. is and have looked at some

basic uses of a G.I.S. in geographic research and analysis. What

are the important considerations that need to be taken into

account when purchasing a system, using a system, or contracting

out for G.I.S. work?



Considerations for Writing a Request for Proposal

Before one requests G.I.S. services or actually purchases

a complete system, much thought is needed to ensure wise

choices. A thorough analysis of company or agency goals and

commitments needs to be made. Actual or potential projects need

to be evaluated in terms of data that will be needed, analysis

that will be done and final products and reports that will be

made. Time and financial requirements need to be evaluated. The

initial capital outlay needs to be considered in terms of short-

term and long-term cost effectiveness.

Table number 4 briefly summarizes six important points when

dealing with vendors of G.1.S. technology. These points should

be considered when writing an R.F.P. (request for proposal) for

any aspect of G.I.S. technology (hardware, software, services,

etc.). Appendix E is a more comprehensive list of questions to

ask (and answer!.) before diving into G.I.S. technology. It must

be remembered that G.I.S. technology is new, rapidly changing --

and expensive. As previously stated, a G.I.S. is not a magic box

with all the answers. The geographer must have a clear under-

standing of exactly what data are needed and how the data are to

be analyzed and this must be clearly and concisely communicated

in an R.F.P. so that the necessary capabilities are made avail-

able.

The state of Washington Department of Natural Resources
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TABLE 4

Summary of Recommendations for Acquiring G.I.S. Technology

I. Know specifically what analyses are going to be performed and
exactly what data are needed to make those analyses before any
data are digitized. This will ensure that the necessary data are
available for G.I.S. manipulation and that data havent been digi-
tized unnecessarily. In short, always determine what decisions
have to be made, what information is required to make those deci-
sions, and what data are needed to produce that information.

Make certain that the G.i.S. you are considering is capable of
performing the analyses that are required for your project. This

will ensure that the G.I.S. can use your data and produce the
information necessary to make the required decisions.

If digitizing and G.I.S. analysis and output is to be con-
tracted out, it is very desirable to have the same company do
both. This will ensure data being compatable with the G.I.S. and
also will keep editing problems and data errors from creating long
delays as the problems could then be rectified more or less imrnedi-
ately.

Always acquire a fully integrated system of hardware and soft-
ware with the total system capabilities and performance guaranteed
in writing by a single vendor. If one proposes to make use of
existing facilities such as existing plotters or computers by
purchasing just software, make certain the contract states that a
fully integrated system of hardware and software capabilities is
guaranteed by this single vendor. ThT is imperative and will
greatly simplify setting up an operational system as quickly as
possible. In the long run, this is very cost effective.

Always acquire personnel training and system maintenance and
support as part of a fully integrated G.I.S. system. There is no

such thing as a turn key system where a person merely reads a
manual, plugs the system in and turns the key and knows how to
fully operate the system. Training is very cost effective and
saves much frustration which can result in an unwillingness to
use the system to its full capabilities.

Ease of operation ("user friendliness") and ease of updating
and editing are imperative. Don't just have the vendor demon-
strate this capability; the potential buyer needs to have "hands
on" time as well, using actual job-related examples.

25



26

has done an outstanding job in writing a clear, explicitly detailed

R.F.P. for their state-wide G.I.S. Appendix F is a copy of the

table of contents fromthat document.

It must also be remembered that G.I.S. technology is a com-

plex technology. One cannot purchase the various components via

a mail order catalog, unpack them, connect them together, plug

them all in, and commence operations as one would do with a home

stereo system. It is generally considered a must to have one

vendor (usually the software vendor) specifically contracted to

integrate all the various components and to guarantee their proper

operation. They should also be contracted to train the necessary

personnel as long as necessary in using the system for each of the

specific functions and tasks requested in the R.F.P.

By having one vendor in charge of integrating the system,

one avoids the "pass the buck" syndrome, where "our software isn't

made for this digitizer" or "the plotter isn't made for this

computer," etc., etc.!

One should also seriously consider a subscription service

from the software vendor. This would include maintenance and

repair service, software updates and modifications, and user

forums, where users can share techniques, data bases, arid discuss

problems and solutions.

Attributing, Editing, Updating

The attributing ability of the system is a fundamental
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consideration. A G.I.S. handles two types of spatial data: posi-

tional data and attribute data. Positional data are the lines,

points and polygons in their spatial topological order. Attribute

data are what these points, lines, and polygons represent. Some

systems can handle attribute data better than others. Many times

it is desirable to label a feature with more than one attribute.

This is especially true for a map created by a G.I.S. using map

overlay analysis. For instance, a polygon could be labeled as

land use "A11, geology "B", soil type "C't, arid ecoregion "D".

Some systems can do this while still maintaining the data in such

a way that each attribute can be separately addressed. Hence,

each attribute is tied only to a geographical location and not to

the other attributes of that geographical location. Dangermond,

Derrenbacher and Harnden (1982) discuss this concept and how it

relates to using G.I.S.'s for natural resource inventories.

The attributing of line features such as streams or rivers

is also very important. An important question to ask is can a

stream be addressed in a segmented hierarchy such as by river mile

segments, reach segments, or stream order segments, in such a way

that the whole drainage network of a basin could be aggregated or

disaggregated in various combinations? Can the attribute data

of these segments (such as fish counts, water quality, discharge

rates) also be aggregated and disaggregated as needed? Again,

some systems can handle this better than other systems.

Editing and updating of data is of critical importance.
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Many times a map needs only a few new lines added and/or dropped

or a few attributes updated. A G.I.S. should allow the user to

quickly and easily accomplish this task without having to redigit-

ize the whole map. New data are of little value unless they can

be incorporated into an existing data base. The ease with which

this can be done speaks volumes about a particular system.

Developing the Data Base

A most important consideration in using a G.I.S. for geo-

graphic research and analysis is developing the data base. It

must never be forgotten that in order to digitize a map and input

it into a G.I.S. for enlargement, reduction, overlaying, area

determinations or other analysis, there must be a map of paper or

mylar or similar material that is to be digitized (unless, of

course, the data were captured in a digital form in the first

place, e.g. Landsat imagery). This is such an obvious statement

that it seems to be glossed over in the razzle-dazzle of G.I.S.

terminology, functions and hard sell salesmanship. There are many

stories of firms and agencies who focused on hardware and programs

and left the data base to take care of itself, only to find that

without a good data base nothing can be accomplished (Carter,

1984, page 26).

One must also evaluate the mapped data that are to be input

into the system. Because of the relative ease of operation of a
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user_friendly system and the reputation of computers for accuracy

('computers never lie') and the accurate specifications of digitiz-

ing equipment (usually around ± .005"), people seem to forget basic

traditional cartographic considerations. It must be remembered

that getting the hardware and software for a system is only a small

part of the project. Getting meaningful accurate data into the

system is a major task and one that cannot be underestimated.

Cartographic integrity is a must! It is now perhaps more import-

ant than ever because of the numerous manipulations that can be

precisely done on a G.I.S. People are stretching these manipula-

tions to the limits of map accuracy -- and beyond!

The need for a cartographically accurate document to start

with is imperative. If cartographic integrity is not present at

the start, cartographic integrity cannot be present in the end

product no matter how noble and well-meaning the geographer's

goals are. No matter how clever and well thought out the analysis

is, the ultimate conclusion will have no more validity that the

validity of the original data. This is commonly referred to as

the "garbage in -- gospel out" phenomenon whereby garbage can be

input into the GI.S. and the output is considered gospel since

the analysis was done by an expensive, state-of-the-art G.I.S.

In dealing with the issue of cartographic integrity on

published maps, the geographer needs to ask "what was the original

purpose of the map?" Was the map specifically made for stringent

quantitative analysis or was it made to show general qualitative
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spatial patterns? For example, U.S.G.S. maps from the National

Atlas at a 1:7,500,000 scale on such topics as land use, potential

natural vegetation, soils, etc. have been designed only for dis-

play of general spatial patterns. On the other hand, U.S.G.S.

maps at 1:250,000 scale showing land use/land cover or U.S.G.S.

1:24,000 scale topographic maps would stand up better under more

rigorous analysis.

The problem goes beyond mere map scales, however. Most of

the time, state, regional, or national coverage of thematic data

are unavailable at a larger scale. This is because of the expense

involved in obtaining the data, the limited use that it would

have, and also because of the important fact that much thematic

data have rather vague, imprecise boundaries in the first place.

Hence, a small-scale map may be just about as precise as is

possible given the type of data that it is and the limited number

of classes and categories that are usually placed on this type of

map. Thematic maps are often qualitative representations of

spatial relationships. The geographer cannot forget this when

using a G.I.S. to analyze thematic data from a map.

Using published maps is not the only area where the geo-

grapher needs to consider cartographic integrity. Many times the

research geographer compiles his own maps on a particular pheno-

menon of study. Cartographic integrity is a must here as well,

but here the geographer can exercise more control or at least be

more aware of introduced error and generalization and how this
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will ultimately affect anlysis in a G.I.S. These new maps may

be drawn on existing published maps using the published maps as

a base or they may be drawn as mylar or tracing paper overlays

using a published map merely as a base for scale and projection

accuracy.

Many times if the study phenomenon covers a regional or

national area, the phenomenon may first be compiled on several

adjoining maps at a scale of 1:250,000 or less. These several

maps are then joined together and reduced to a smaller scale,

such as 2,500,000 or 7,500,000 for display, publication and for

digitizing for input into a G.I.S.

Some important questions for consideration are: What scale

does one ultimately want the map to be digitized from? How does

one deal with cartographic integrity on a project of regional or

national scale so that more precise qualitative analysis can be

made? That is to say, can the ability to do qualitative analysis

be improved on a small-scale, thematic map?

To answer these questions, a critical consideration is how

to join and reduce the information on several adjoining large-

scale maps to create the one smaller-scale map. This is an

extremely important point in terms of cartographic integrity for

G.I.S. analysis. There are three basic problems the geographer

needs to consider as sources of error when reducing maps by

traditional means. They are optical projection distortion, line

generalization and error due to hand tracing, and projection
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changes. Evaluating the methods used in map reduction will help

to understand these sources of error.

Traditional methods for map reduction (or enlargement)

have involved optical projection methods in which the map is

placed on an easel and its image is projected against a glass

screen on which tracing paper or mylar has been placed. By

adjusting the distance from the easel to the screen, the reduction

or enlargement percentage can be controlled. By using "tick

marks on the mylar or tracing paper (that is, latitude and longi-

tude marks that have been traced directly off an existing map or

a photographic map separate at the desired scale) the enlarged or

reduced scale can be precisely matched. The projected image is

then traced by hand. This procedure may have to be repeated,

depending on the amount of reduction or enlargement required.

Hence, these errors can become cumulative.

Although sounding rather straightforward, this method has

many inherent errors. Optical projection error can be controlled

to a degree by the quality of projector that is used. This,

however, can add a trememdous expense and usually the geographer's

only option is to use the projector that is available. Hand-

tracing error can be improved only by taking more time, using a

fine pen and steady-handed people that are committed to the pro-

ject.

Probably the greatest error is from projection changes.

Since the "tick" marks are copied directly from a published map,
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they not only are at a predetermined scale, but represent a cer-

tain map projection as well. Since map projection generally

changes as one goes from small, medium and large scale maps, the

tick marks won't exactly match up. This can be minimized by using

local registration of tick marks on a 10 x 10 grid (or smaller)

and adjusting for a "best fit."

One very cost effective method to overcome some of these

error-inducing problems is to employ photo-reduction methods using

large process cameras found in many engineering firms. Generally,

optical distortion is minimal since very high quality optical

lenses are used and, since it is a photographic process, there is

no hand-tracing of intermediate steps. There are still, however,

the projection change errors to deal with since again the reduced

or enlarged map will usually be on a different map projection.

It should also be mentioned that, so far as possible, map

reduction/enlargement work should be done on some stable base

material such as mylar. Paper maps have a propensity to distort

by shrinking and/or stretching due to sweaty hands, coloring in

areas, humidity, folding, etc. All of this adds to error pro-

blems.

It is hoped that from the foregoing discussion, several

points have been made clear. Cartographic integrity is vital if

rigorous exacting regional or national G.I.S. analysis is to be

used. This accuracy can be improved if data is compiled at the

largest scale possible, consistent with the phenomenon to be
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studied and the data collection techniques employed. This large-

scale accuracy can be lost by reducing this data to a smaller

scale before being digitized. It follows then that being able to

digitize several adjoining maps at a large scale and then uedge

match' these data in the G.I.S. itself so that it can all be

connected and then plotted at a smaller scale would be of tremen-

dous value. If this technique cannot be employed, the geographer

should seriously analyze the methods used in reducing regional or

national data before it is digitized so that induced error can be

minimized.

CONCLUS ION

Trends in G.I.S. technology probably reflect current

trends in the computer industry as a whole. Software will become

more user-friendly and will be capable of more powerful analyses.

Faster computers with larger memory capabilities will permit

analysis of larger areas at a finer resolution. Already a trend

has been seen whereby G.I.S.'s are being run on "mini" computers

instead of large mainframes. There are even a few software

packages capable of running on "micros0 such as the IBM-PC.

Prices for software and hardware will become more competi-

tive, allowing more users to acquire systems. Networking, whereby

many people in various locations can access and share a central

G.I.S., will become more common.
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Software will mast likely become more Integrated. Aspects

or capabilities of one system will be combined with the desirable

aspects or capabilities of other systems. This will result in the

emergence of only a few commonly used and supported systems.

Current research in the areas of topology and the geometric

shape of grid cells (such as triangular or hexagonal) should pro-

vide some interesting solutions to formatting data and the rapid

and complex analysis of data.

Also, G.I.S.'s will most likely become teaching tools in of

themselves. Students in fields such as forestry, land use plan-

ning geology, ecology, or cartography will learn the principles

of their discipline by using a G.I.S. to augment traditional learn-

ing tools (i.e. textbooks, lectures, labs, etc.). In fact, the

primary use of the Harvard "Map Analysis Package" seems to be for

education in spatial analysis.

It can be seen that a G.i.S. can be a powerful and versa-

tile tool. Because of the expense of such a system, one should

not casually approach using a G.I.S. for geographical research

and analysis. It requires. much initial capital outlay as well as

expense for upkeep, training and continued support in terms of

time and money for data acquisition and updating. The more time

that is spent in assessing the needs for and potential uses of a

G.I.S., the more likely the system will meet the goals and expecta-

tions of users.

Probably the most important factor in the success or



failure of a G.I.S. is in the attitudes, initiative and commit-

ment of the users. If the users have the initiative to learn how

to use the system to its fullest potential and the commitment to

sound geographic procedures and data usage, a G.I.S. can be a

valuable and, indeed, indispensable tool for the geographer.
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Alaska

An zona

Colorado

Illinois

Kentucky

Mr. Robert Bennett
(907) 265-4559

Mr. Paul Tessar
(602) 255-4061

Mr. Robert Puterski
(303) 866-2351

Mr. Tim Johnson
(217) 785-8589

Mr. Larry Schneider
(502) 564-5174

Address

Department of Economic and
Community Affairs

State Planning Division
Montgomery, Ala. 36130

Department of Natural
Resources

Division of Research and
Development

Anchorage, Alaska 99510

Arizona Land Resources
Information System

State Land Office
1625 W. Adams St.
Room 302
Phoenix, Ariz. 85007

Colorado Department of
Local Affairs

Planning Division
Denver, Cob. 80203

Department of Ehergy and
Natural Resources

ENR 325 West Adams
Springfield, Ill. 61706

Department of Surface
Mining Reclamation and
Enforcement

Division of Reclamation
Sciences

Capital Plaza Tower
Frankfort, Ky. 40601
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APPENDIX A

States with a Statewide Geographic Information System

Point. of Contact,
State Telephone

Pd abama Mr. Walter Stevenson
(205) 832-3823



Nebraska

New Jersey Mr. Robert Mills
(609) 984-2281

APPENDIX A (Cont.)

Louisiana Mr. Glen Daigre Louisiana Areal Resource
(504) 342-7410 Information System

Office of State Planning
Baton Rouge, La. 70804

Maryland Ms. Susan Alderman Department of State Plan-
(301) 383-5664 fling

301 West Preston Street
Baltimore, Md. 21201-2365

Michigan Mr. Mike Scieszka Department of Natural

(517) 373-3328 Resources
Division of Land Resource
Programs

Box 30028
Lansing, Mich. 48909

Minnesota Dr. Alan Robinette Minnesota Land Management
(612) 296-1211 Information System

Department of Energy Plan-
ning and Development

St. Paul, Minn. 55101

Mississippi Mr. Paul E. Downing MARIS Systems Central

(601) 982-6339 Mississippi Research and
Development Center

Geographic Information
System Division

Jackson, Miss. 39211
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Dr. Mahendra K. Bansal Nebraska Natural Resources

(402) 471-2081 Commission
Data Bank Section
301 Centennial Mall South
P.O. Box 94876
Lincoln, Nebr. 68509

Department of Environ-
mental protection

Office of Cancer and Toxic
Substance Research

Information Resource
Center

Trenton, N.J. 08624



New Mexico Mr. Bill Isaacs
(505) 827-7830

APPENDIX A (Cont.)

New York Mr. Robert Crowder
(518) 474-7721

North Carolina Ms. Karen Siderelis Department of Natural
(919) 733-2090 Resources and Comunity

Development
Division of Land Resources
P.O. Box 17687
Raleigh, N.C. 27611

Ohio Mr. Wayne Channell Ohio Department of Natural
(614) 265-6778 Resources

Division of Soil and Water
Districts

Fountain Square
Columbus, Ohio 43224

Rhode Island Mr. John J. Deary, Jr. Rhode Island Department of
(401) 277-2656 Administration

Statewide Planning Program
265 Meirose Street
Providence, R.I. 01907

South Carolina Mr. Gerald, R. Minick University of South
(803) 777-7236 Carolina

Computer Service Division
Columbia, S.C. 29208

Texas Mr. Sam McCulloch Texas Natural Resources
(512) 475-3321 Information System

P.O. Box 13087
Capitol Station
Austin, Texas 78711

Utah Mr. Bruce Plott Utah Dept. of Natural
(801) 533-5333 Resources and Energy

Outdoor Recreation Agency
1636 West North Temple
Salt Lake City, Utah 84116

State of New Mexico
Natural Resources Dept.
Villagra Building
Santa Fe, N. Mex. 87503

State of New York
Department of Commerce
99 Washington Avenue
Albany, N.Y. 12245
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Virginia Mr. Edwin Sahaydek Commonwealth Data Base
(804) 257-8064 Dept. of Taxation

P.O. Box 6-L
Richmond, VA 23282

Washington Mr. Larry Sugarbaker State of Washington Dept.
(206) 753-5327 of Natural Resources

Division of Management
Services

Room 7, House Office Bldg.
Olympia, WA 98504

Source: Causey, E. May. 1984. Survey of Automated Statewide
Natural Resource Information Systems. Miscellaneous Paper
EL-84-1. Chief of Engineers, U.S. Army.
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Alabama

Hewlett Packard 3000/4 Computer
(in-house) and IBM 3032 Computer
(Auburn University) Comtal Image
Display Device

APPENDIX B

Basic Hardware and Software of
State Natural Resource Information Systems

Earth Resources Laboratory Analysis
System (ELAS)

Environmental Systems Research Insti-
tute (ESRI) Grid and Automap
Packages

S tate Hardware Software

Data General MC-8000 Computer ES RI

Tabs Digitizer
Al as ka Zeta Plotter COMARC Polygon-Software by COMARC

Tektronix Graphic Terminals Systems

Prime 550 Computer ELAS
Lex-i--data Display System ESRI

Arizona Tn-Log Color Printer Plotter ToPo Package Developed In-House
Zeta Plotter

Prime Computer and Printers ES RI

Colorado Tabs Digitizer
Houston Plotter

Prime Computer ES RI

Illinois Graphic CRT's
Xerox Daisy-Wheel Printer



Kentucky

Loui siana

Ma ryl and

Michigan

APPENDIX B (Cont.)

Prime 750 Computer
Versatec Electrostatic Printer

Plotter
Tabs Digitizer
Princeton Graphic CR1
DeAnza Color Display Monitor
Houston Instrument 3-Pin Plotter

IBM 3330 and Data General C-300
Computers

Tektronix CRT with Hand Copy Cap-
ability

Standard Line Printers

Univac 1180 Computer
Apple 2 Mini Computer
Digital Equipment Corp. Printers
Calcomp Plotter
DICOMED Image Recorder

Burroughs B770 and Intergraph
Computer

Calcomp Plotters
Altec Digitizer
Tektronix Graphics Terminal with
Hard Copy Capability

E LAS

ESRI

INFO (software package market by Prime)

Geographic Information Retrieval and
Analyses System (GIRAS) developed by
the U.S. Geological Survey

Software developed in-house

ES RI

Software developed specifically for the
Maryland Program

Intergraphs Interactive Graphics and
Design System (IGSA)

Software developed in-house

State Hardware Software



Minnesota

Mississippi

APPEIDIX B (Cont.

Prime 850 Computer
Versatec Electrostatic Plotter
Houston Instrument 3-Pin Plotter
Tn-Log Color Plotter
DeAnga Color Display Monitor

ES RI

Environmental Planning and Program
Language (EPPL) developed in-house

E LAS

Digital Equipment Corp. POP 1124 Digital Equipment Corp. (DEC) Software
Computer

Calcomp Digitizer, Dot Matrix Earth Resources Data Analysis Systems
Printer (turnkey system purchased Corp. Software
from Earth Resources Data Analyses
Systems Corp., Atlanta, Ga.)

State Hardware Software

IBM 370 MVS Computer Hydrologic Information Storage and
IBM 3203 Line Printer Retrieval System (HISARC) developed

Nebraska by North Carolina University
Software developed in-house

Intel AS-5000 Computer RAMIS (Rapid Access Management Informa-
Tektronix Digitizing Station tion System)

New Jersey Calcomp 936 Plotter
OeAnza Image Processor

Amdahl 470 Computer E LAS

New Mexico Digital Equipment Corp. Printer Software developed at New Mexico State
Data Media Elite 3045 CRT's University



North Carolina

South Carolina

Hardware Software

IBM 360 Computer and Standard Line DATALIST I, PLANMAP II, and PLANMAP III
Printers developed by Cornell University

Data General Computer
Zata Plotter
Calcomp Digitizer
Tektronix Graphic Terminal

APPENDIX B (Cont.

IBM and Data General Computers and ELAS

Printers
Bendix Digitizers
Calcomp Drum Plotter ESRI

Kongsburg Flatbed Plotter
Gould Electrostatic Plotter
Comtal Vision 1/20 Image Display

COMARC Software developed by Comarc
Sys tems

IBM 370 and Harris 1660 Computers Ohio Capability Analysis Programs (OCAP)
Harris Drum Printers developed in-house

Ohio K & E Digitizers
Calcomp Plotter

Molecular Infinet 1 Computer Software by Molecular
Rhode Island Adds Vicropoint Terminals

300 LPM Printronix Printer

State

New York



Texas

APPENDiX B (Cont..)

Univac 1100/62 and Interdata 7132
Computers

Centronics 1O1AL Printers
Tektronix 4014 Graphics Terminal
with Hand Copy Capability

Bendix Digitizer
Calcomp Model 748 Plotters
RAMTEK 9050 Color Graphics Display

DISSPLA developed by Integrated Soft-
ware Systems Corp.

SYMAP, SYMVU, and CALFORM developed at
Harvard University

UNITECH (now RADIAN) CPS-1 Controu
Plotting System

Calcomp software

Source: Causey, E. May. 1984. Survey of Automated Statewide Natural Resource Information
Systems. Miscellaneous Paper EL-84-1. Chief of Engineers, U.S. Army.

Virginia VAX 1178 GIPSY developed by the University of
Prime 750 Kansas

Washington Pr i me ESRI

AF4DAHL & Wang (Mini) Computer ES RI

Tabs Digitizer
Utah Houston Instrument Plotter

Tektronix Graphic Terminal

State Hardware Software



Department of Commerce
Bureau of the Census

Department of the Interior
Fish and Wildlife Service

Bureau of Land Management

Bureau of Reclamation

Geological Survey

National Park Service

Department of Agriculture
Forest Service

APPENDIX C

Summary of 13 Civilian Federal Agencies
That Are Digitizing Maps

Federal Agency Description of Program
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Computerizes data on streets and
water features, such as boundaries
for census tabulation units. Com-

puter files are also used to assign
mailing addresses on questionnaires.

Maps physical, cultural, and natural
features for refuge master planning,
impact assessment, management plan-
ning, habitat assessment, regional
resource planning, and other pur-

poses.

Computerizes geographic data for
land and resource management deci-
sions.

Digitizes soils, county boundaries,
land use, land cover, hydrographic
and water district boundaries, and
other items as an aid to land use
studies and flood forecasting.

Computerizes base map features for
map revision and use by Government
agencies and private users.

Vegetation, roads, land use, owner-
ship, hydrography, soils, and
geology are computerized for suita-
bility and feasibility determina-
tions for land use planning and
answering resource management
questions about natural resources.

Timber, habitat, soil, ownership,
land net, boundaries, etc., are
computerized for forest visitor
maps and analyzing alternative land

management strategies.



Department of the Army
Corps of Engineers

Department of Energy
Oak Ridge National Laboratory

National Aeronautics and
Space Administration

Department of Housing
and Urban Development

*Bureau of Indian Affairs

U. S. E. P. A.

APPENDIX C (Cont.
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Elevation, water survace, soil type,
land use, roads, bridges, etc., are
computerized mostly for harbor and
navigation channel maintenance and
improvement, but also for flood
hazard identification, flood dam-
age assessment, water resource
planning, environmental impacts,
and master planning maps.

Map data are computerized for envir-
onmental and geographical analysis.

Computerizes base map data for
research.

Transportation, drainage, culture,
and boundaries are computerized to
inventory areas owned under the
community development program.

Computerizes geographic data on
land ownership, mineral arid forest
rights, land exchanges, forest and
agriculture suitability and corri-
dor selection studies.

Computerizes geographic data for
acid rain and toxic waste disposal
studies. This includes surficial
geology, land use, potential natur-
al vegetation and physiography.

*ta supplied by personal conversations by the author.

Source: Report by the Comptroller General of the United States.
1982. Duplicative Federal Computer-Mapping Programs: A Growing
Probl em.
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Typical G.I.S. Commands

The following is a list and brief description of commands
from the M.O.S.S. (map overlay survey system) geographic informa-
tion system developed by the United States Fish and Wildlife
Service in Fort Collins, Colorado. It should be noted that
M.O.S.S. is public domain software.

Command Name Summary Description

ACTIVE Produces a table identifying and describing acti-
vated maps.

ADD Adds import/export format vector maps into the
master database.

ARCHIVE Prepares maps for removal from the database onto
tape.

AREA Determines area, frequency, and percentage of each
subject in polygon or cell maps.

ASPECT Produces a cell map of aspects from digital eleva-
tion maps.

ASSIGN Pre-sets graphic assignments for maps.

AUDIT Prints out a detailed summary of all features in
a vector map.

BAUD Changes the default operating baud rate.

BSEARCH Performs complex boolean retrievals from associ-
ated attribute files.

BUFFER Creates a buffer zone of user-specified size
around any feature in a vector map.

BYE Terminates the session.

CALCOMP Produces a file for output to a plotter.

CBUFFER Creates a buffer zone around features in a cell
map.
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CLI Temporarily allows the user to exit MOSS and
access the operating system.

COMMANDS Lists all commands and their abbreviations.

COMPOSITE Performs cell map overlay using boolean and
arithmetic comparison criteria.

CONTIGUITY Activates all polygons of subject A and B when A
and B are spatially adjacent to each other.

CONTOUR Produces a new line map of contours from digital
elevation data.

COST Summarizes cost, elapsed time, and computer
resources used during the session.

DEARCHIVE Prepares maps for entry into the database from
tape.

DELETE Deletes maps from the database.

DEVICE Allows graphics output to be routed to different
devices.

DIGITIZE Creates a new vector map using a table digitizer.

DISTANCE Measures distance between any two points along a
path or along a straight line.

DIVIDE Allows large polygons to be split.

EDGE Dreates a new line map based on common boundaries
or edges between two or more polygon maps.

EDITATT Allows for modifications of an associated attri-

bute file.

ERASE Erases the CRT display screen.

EXPORT Creates an import/export format map from an

active vector map.

FLOOD Displays polygon and discrete cell maps with

color.

FREE Removes active maps from the active map table.
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FREQUENCY Determines frequency and percentage of each sub-
ject in a vector map.

GCALCOMP Produces a filefor output to a plotter.

GCONTOUR Generates a contour display of DEM data or makes
a new line map.

GENERATE Creates a new vector map at a graphics terminal
using cursor or keyboard input.

GOVERLAY Creates a new polygon map based on the logical
intersection of two polygon maps.

GRID Performs grid interpolation of an elevation point
map to create a new cell map.

HELP Produces a list of commands within functional
groups or a detailed description ofa particular

command.

LEGEND Displays a map legend with title and scale, and
labels attribute information for vector maps.

LENGTH Determines length of all lines of each subject in

a line map.

LINE Displays line maps using a variety of possible
fonts.

LIST Prints out name, header, or subjects of maps
stored in the master database or workfiles.

LOCATE Determines coordinates of any point in the view-

ing window.

LPOVER Creates a new point or line map from the logical
intersection of a polygon map and a line or point
map.

MAPS Accesses the MAPS subsystem.

MERGE Combines two or more vector maps into one map.

MODELG Performs boolean and arithmetic overlay on multi-
value cell files.

52



53

APPENDIX B (Cant.)

MODIFY Modifies coordinates of features in a polygon map.

MOVELABEL Re-positions the centroid of vector map features.

MULTIVAL Creates a multi-value cell file from a single
value cell file.

NEWS Produces a narrative description of recent changes
and other information.

NUMBER Displays feature number, active map number, or
area/length of vector maps.

OPEN Allows access to different master files.

OVERLAY Creates a new polygon map based on the logical
intersection, union, or non-intersection between
two polygon maps.

PAGE Allows the default lines per page to be changed.

PERIMETER Determines total distance around each subject in

a polygon map.

PLOT Displays maps on a graphics device.

POLYCELL Converts vector maps into cell maps with a user-
specified cell size.

PROFILE Generates a cross-section diagram between two
points using digital elevation data.

PROJECTION Changes the map projection of vector maps.

PROXIMITY Activates data from a vector map based on its
spatial distance to some point or other map
feature.

Identifies subject, area/length, feature number,
and map name of any position displayed on a vector
map. For cell maps, identifies subject, cell
value, cell frequency, and cell size of any posi-

tion being displayed.

Generates reports from the multiple attributes

database.

QUERY

REPORT
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RESET Sets the viewing window to the original coordin-
ates specified by the WINDOW command (i.e.,
counteracts ZOOM).

SANPLE Performs random sampling of features in a vector
map.

SAVE Saves an active vector map as part of the workfile.

SELECT Activates all, or a specific portion, of any master
map or workfile map.

SHADE Shades polygon or cell maps with cross-hatching
on the CR1.

SHOW Performs a number of commands sequentially, includ-
ing SELECT, WINDOW, PLOT, SHADE, and AREA.

SIZE Activates polygons or lines from a map based on
area or length, respectively, of the features.

SLOPE Creates a cell map of slopes from digital eleva-
tion data.

SNGVAL Creates a single value cell file from a multi-
value file.

SPSS Prepares cell data for output to a file for later
statistical analysis.

STATISTICS Produces a two-way frequency table of contents
(CROSSTABS) of any two cell maps.

STATISTICS Produces descriptive statistics (e.g., mean,
(DESCRIBE) variance) on the subjects in a map.

STATISTICS Produces a histogram (bar chart) of subjects in a
(HISTOGRAN) map with a legend.

STATUS Prints out information on volume and type of data
associated with a particular mapfile, map, or
session.

SYMBOL Displays point or polygon maps using a variety of
possible fonts.

TESTGRID Plots a grid of a specified cell size.
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TEXT Creates and positions text in a text file.

THREED Produces a 3-D display of any digital elevation
map.

TRANSLATE Translates a vector map in x and/or y, rotates a
map, or rubber sheets a map.

WEED Thins points in a line or polygon map.

WINDOW

WRITE

ZOOM

Sets the viewing window to a particular area of
the earth's surface and defines the initial study
area boundary.

Generates output of a cell file for printing on a
line printer.

Magnifies a user-specified portion of the viewing
window.
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The following is a list and brief description of commands
from the M.A.P. (map analysis package) geographic information
system developed by C. Dana Tomlin at the Yale School of Forestry.

Command Name Summary Description

ADD Adds the cell values of two or more discrete or
continuous maps to create a new continuous map.

AGGREGATE Combines one or more dichtomous maps into a new
discrete map.

ARCHIVE Sets the file status indicator of an existing map
to be archived after removal from the data base
onto taps.

AREA Provides an area table showing area by subject
value and total area in acres or hectares for a
dichotomous or a discrete map.

ASPECT Computes azimuthal aspect, or direction of surface
slope, of a continuous map to create a new con-
tinuous map.
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AVERAGE Averages the cell values of two or more discrete
or continuous maps to create a new continuous map.

BAUD Changes the default operating baud rate.

BOOLEAN Performs logical operations (including AND, OR,
XOR, or NOT) on one or more dichotomous maps to
create a new dichotomous map.

BYE Terminates the current session or stops execution
of MAPS and returns the user to the MOSS program.

CATEGORIZE Counts the occurrences of each cell value on a
continuous map to create a new discrete map.

CLOSE Closes the current master database.

CONS TANT

CONTOUR

COPY

COST

COVER

CROSS

Assigns a single constant value to every cell in
a discrete or continuous map to create a new dis-

crete map.

Generates a line-drawing of an integer-value con-
tinuous map by connecting those cells with equal
values and which fall on a specified interval to
represent a three-diniensional surface.

Copies a dichotomous, discrete, or continuous map
to create a new, equal, dishotomous, discrete, or
continuous map.

Summarizes total units of resources (computer
time, units of disk transfer, clock time, and
total cost) incurred up to that point during the
current session.

Combines two or more discrete or continuous maps
by covering the cell values from the preceding
map with the non-zero values from each succeeding

map to create a new continuous map.

Combines two discrete or continuous maps using
the logical operations AND, OR, ANOT, or ONOT to

create a new discrete map.
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CUT Cuts out a portion of a dichotomous, discrete, or
continuous map according to the current viewing
window or according to specified rows and columns
to create a new, smaller dichotomous, discrete,
or continuous map.

DEARCHIVE Sets the file status indicator of an existing
map from archived to exposed after entry into
the database from tape.

DELETE Deletes exposed maps from the database.

DESCRIBE Provides a listing of header and projection inforn-
ation for a dichotomous or continuous cell map; or
the header, projection, and subject information
for a discrete cell or vector map.

DISPLAY Allows graphics output to be sent to the log-on
console or to a specified file.

DIVIDE Divides the cell values of two or more discrete or
continuous maps to create a new continuous map.

ERASE Erases the console screen.

EXPLAIN Provides a list of commands within functional
group or provides a detailed explanation of a
single command.'

EXPOSE Sets the file status indicator of a map in the
database to exposed which allows that map.to be
deleted, modified, or overwritten.

EXPONENTIATE Raises the cell values from a discrete or con-
tinuous map by exponential powers represented
by the cell values from one or more additional
discrete or continuous maps to create a new
continuous map.

EXTRACT Selects specified cell values and ranges of cell
values from a discrete or continuous map and
allows re-assignment to create a new discrete

map.



FUNCTI ON

I MPORT

INFORM

ISOLATE

LABEL

LIST

MATH

MAXIMIZE

MERGE

APPENDIX D (Cont.)

Performs a mathematical function (square root,
logarithm, natural logarithm, rounded integral,
truncated integral, absolute value, tangent, sine,
cosine, arctangent, arcsine, or arccosine) on the
cell values from a discrete or continuous map to
create a new discrete or continuous map.

Creates MAPS compatible new maps from existing
IDIMS cell maps, MOSS polycelled cell maps, and
USGS digital elevation models.

Provides a listing of current system status in-
cluding date and time, working and master project
names, read, write, and display files, whether
the display window is set, number of soft errors
incurred, the last seven commands specified, and
total units of resources used.

Selects those cells with a specified value or
range of values from a discrete map to create a
new dichotomous map.

Allows for entry or modification of header and
projection information contained in a dichotomous
or continuous cell map or of header, projection,
and subject information contained in a discrete
cell or vector map.

Provides an alphabetical listing of the map-name,
indicator status, and map-type of maps in the
working or master project. Optionally lists by

map type or by a range of map names.

Performs mathematical operations or functions on
cell values from one or a combination of discrete
or continuous maps to create a new continuous map.

Compares cell values from two or more discrete or
continuous maps and selects the maximum value to
create a new continuous map.

Combines two or more dichotomous, discrete, or
continuous maps whose areas may be adjacent or
may intersect into a new dishotomous, discrete,

or continuous map.
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'1 IN IM I ZE Compares cell values from two or more discrete or
continuous maps and selects the minimum value to
create a new continuous map.

MULTIPLY Multiplies cell values of two or more discrete or
continuous maps to create a new continuous map.

NEWS Provides a narrative description of recent changes
and other system information.

NOTE Allows for the incorporation of non-command text
during a session.

OPEN Allows access to a different master database.

PAGE Allows the default lines per page to be changed.

PLOT Displays dichotomous, discrete, and continuous
maps, or parts of maps, on the console or to a
display file.

PRINT

PROTECT

Generates a character image of a discrete map on
which may be sent to a line printer or to the
log-on console.

Sets the file status indicator of a map in the
database to protected which allows the map to be
accessed but prevents it from being deleted,
modified, or overwritten.
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PROXIMITY Selects those cells from a dichotomous, discrete,
or continuous map which lie within, or outside of,
a designated distance of cells of a specified
range of values to create a new dishotomous, dis-
crete, or continuous map.

QUERY Provides information on a designated cell, or
series of cells, from a dichotomous, discrete, or
continuous map including cell value, northing and
easting, row and column location and, if avail-
able, frequency and attribute descriptor.

RASTERIZE Converts information from.a point, line, or
polygon vector map into cell format to create a
new dichotomous, discrete, or continuous map.
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READ Allows command-input to be received from the con-
sole or from a specified file.

RENAME Allows exposed, work project map names to be
changed.

RENUMBER Assigns new values to specified cell values or
ranges of values and retains the old values of the
remaining cells from a discrete or continuous map
to create a new discrete map.

RESET

SCAN

SCORE

SHADE

SIZE

SLICE

Resets the viewing window to that area specified
by the most recent WINDOW command which counter-
acts the effect of previous ZOOM commands.

Summarizes values of each cell from a continuous
map with a summary statistic (average, total,
maximum, minimum, most frequent, least frequent,
diversity, deviation, or proportioni of the values
surrounding that cell to create a new continuous
map.

Summarizes values of each cell from a discrete or
continuous map with values of similar cells from
a second discrete map according to a summary
statistic (average, total, maximum, or minimum) to
create a new discrete map.

Displays a shaded plot of a dichotomous, discrete,
or continuous map, or parts of maps, on the log-on
console or to a display file.

Counts the number of cells of each value from a

discrete or continuous map and assigns these
numbers to the cells of a new discrete map.

Divides a range of cell values from a discrete or
continuous map into an equal number of intervals
and assigns each cell a value according to the
ordinal position of the interval it falls into to
create a new discrete map.

SLOPE Computes slope of a continuous map in percent
rise overrun to create a new continuous map.

SUBTRACT Subtracts cell values of two or more discrete or
continuous maps to create a new continuous map.
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SUBTRACT Subtracts cell values of two or more discrete or
continuous maps to create a new continuous map.

VIEW Displays an existing read or write file on the
output console or provides a plot of a display
file on a graphics console.

VISTA Determines visibility of a specified viewing
cell(s) with respect to a specified observer
cell(s) from a discrete or continuous map to
create a new discrete or continuous map of visible
or invisible area.

WINDOW Sets the viewing window to a particular area of
the earth's surface represented by one or more
specified vector or cell maps.

WRITE Allows character output to be sent to either the
console or to a specified file.

ZONE Selects cells within a specified distance and
range of values from a dichotomous, discrete, or
continuous map to create a new discrete map.

ZOOM Magnifies a specified portion of the viewing
window.
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Questions to Ask About Any System

Application
- What manipulations can the system perform?
- To what planning problems can these manipulations be applied?
- How great is the agency's need to be able to perform these
analyses, relative to other projects that perhaps cannot make
use of computerized data analysis?

- To what specific planning projects would you apply computerized
data analysis?

System Components
- How well documented is the software? What will be the major
obstacles to its installation at your agency?

- What staff skills or outside help will be required to transfer
the software to your agency?

- What will be the cost and time requirements of transferring
the software to your agency? (Include cost of consultants,
cost of travel to agency currently using the system, cost of
borrowing staff from the other agency to assist in the transfer,
if necessary, and so on.)

- How flexible is the software compared to other systems?
- What other agencies are using the software, and will you have
access to improvements that may be made to the software at
these agencies?

Hardware
- What are the hardware requirements of the system? Where is

there flexibility, and where are the needs for equipment fixed?
- Can the hardware requirements be satisfied through the use of

existing equipment in the area? List the advantages and dis-

advantages of using existing equipment.
- Is there some equipment that must be leased or bought? What

is the cost of this equipment?
- What are the available sources of funds for hardware acquisi-

tion? Estimate the amount available to determine possible con-
straints to hardware acquisition.

Data Base Development
- What data types should be included in the data base? Test the

need for each data type by showing how it will be needed to
solve the planning problems to which computer analyses will be
applied.
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Data Base Development (Cont.)
- What data are available? Are they accurate or current enough
to warrant inclusion in the data base? What would be the cost
of improving the quality of the data? What would be the cost
of collecting any new data?

- Are the encoding process and the software appropriate for the
data types and the desired manipulations? What are the advan-
tages and disadvantages of cell versus polygon encoding? How
efficient is the software for performing desired analyses?

- Will mylars have to be prepared to help the encoding process?
How long will this take, and what will they cost?

- What skills are needed to encode the data? Where can these be
obtained?

- How long does it take to encode and edit a sample of a map of
each data type? What are the associated costs? Estimate the

cost and time requirements for the entire encoding process.
(Include number of maps of each data type or some measure of
area to be covered in calculations.

System Use
- What skills are needed to run programs? Will staff be able th

develop new applications?
- What is the cost of producing a typical computer map, or a
range of maps if a need for a range is anticipated? Include

computer processing costs and map production costs.
- How frequently will maps be requested?
- Estimate total operating costs on an annual basis, including
staff requirements, computer processing, and mapping costs,
and equipment costs.

Overall Management Considerations
- What are the advantages or disadvantages of committing staff
time and money to software development? What costs or new

staff requirements are associated with different options?
- What is the best way to organize the development of the data

base? List staff, cost, and time requirements of different
options as well as other nonmeasurable advantages or disad-
vantages.

- Estimate the total cost of system development and the annual

operating and maintenance costs. Develop timetable and staff-

ing requirements for each phase of development. How do these

figures compare with available financial and staff resources?
Can funds be used from a number of other programs?

- Assess the support for system development from agency heads,

planning commissioners, or elected officials. How could

support for the system be increased and maintained?
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Overall Management Considerations (Cont.)
- Apart from setting up your own system, are there other options

to consider? The use of state or university systems? Pooling

with other agencies or a regional agency to develop a system
jointly?

- Will computer analyses be used enough to justify the initial

effort of setting up the system and creating the data base?

Source: Schneider, D.M. and Arnanullah, S. 1979. Computer-

assisted land resources planning. Advisory report 339. 14rnerican

Planning Association.
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Table of Contents from
Washington State Department of Natural Resources REP

for a Statewide G..I.S.

Section

i Cover Letter

General Information/Procedural Instructions

1.1 Introduction
1.2 Acquisition Schedule
1.3 Intent to Respond
1.4 Preproposal Visit
1.5 Proprietary Information
1.6 Evaluation Teams
1.7 Debriefing Conferences
1.8 Protest Procedures
1.9 Receipt of Proposals
1.10 Communication Between DNR and Vendor

Requirements

2.1 System Specifications and Functions/Technical Requirements

2.1.1 Introduction
2.1.2 Overview of Functional Requirements
2.1.3 Overview of Institutional Requirements
2.1.4 Other Considerations
2.1.5 Mandatory Basic System Capabilities

Digitizing
Edgematchi ny

Polygoni zation

Labeling
Reformatting of Digital Data from Other Systems
Data Base Creation and Management
Edit and Display
Plotting
Updating
Browsing

65



Appendix 1
Appendix 2

Appendix 3

Appendix 4
Appendix 5

APPENDIX F (Cont.)

2.1.6 Data Manipulation and Analysis Functions

2.1.6.1 Mandatory

Create Lists and Reports
Reclassify Attributes
Dissolve Lines - Merge Attributes
Line Thinning-Weeding
Centroid Calculation and Sequential

Numbering
Scale Change
Transformation - Rubber Sheet Stretching
Projection Change
Generate
Subdivide Area
Search
Windowing
Measure
Calculate
Compare Data Sets - Overlay
Construct

2.1.6.2 Desirable and Non-essential

Perspective Views
Viewshed Maps

2.1.7 Guide to Appendices

2.2 Vendor Service Requirements

2.2.1 Installation
2.2.2 Training
2.2.3 Maintenance
2.2.4 Availability
2.2.5 Upgrading/Downgrading
2.2.6 Documentation

- Master List of Input Data Types

- Throughput and Utilization Esti-
mates Over Time by Location

- Notes on Existing State Computer
Facilities

- Directory of Required Products

- List of Symbols Currently Used
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2.3 References

2.4 Proposed Implementation Schedule/Duration of Proposal

2.5 Contractual Requirements

2.5.1 General Comments
2.5.2 Proposal Instructions
2.5.3 Mandatory Verbatim
2.5.4 Mandatory Content
2.5.5 Other Provisions

2.6 Financial Requirements

2.7 Proposal Preparation Instructions

3. Proposal Evaluation Plan

3.1 Proposal Review/Evaluation Committees

3.1.1 Technical
3.1.2 Financial
3.1.3 Management
3.1.4 Contractual

3.2 Review Evaluation Process Steps

3.2.1 Mandatory Proposal Review
3.2.2 Technical Proposal Evaluation
3.2.3 Financial Proposal Evaluation
3.2.4 Management Proposal Evaluation - Selection of

Benchmark Candidates
3.2.5 Benchmark Evaluation
3.2.6 Management Evaluation - Selection and Negotia-

ti on

3.2.7 Evaluation Criteria Summary

Appendix

Generalized Data Processing Plan
'I Deleted

"C" Contractual Provisions - Standard Terms and Conditions
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Appendix (Contained in Separate Volume)

1. Master List of Input Data Types
2 Throughput and Utilization Estimates Over Time by Location
3 Notes on Existing State Computer Facilities
4 Directory of Required Products
5 List of Symbols Currently Used
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Listing of Major 5.1.3. Hardware and Software Vendors
and/or G.I.S. Services

Autometric Inc.
Richard Pascucci
5205 Leesburg Pike
Suite 1308/Skyline 1
Falls Church, Virginia 20041

998-7606

Broomall Industries Inc.
William C. Schmidt
700 Abbott Drive
Broomall, Pennsylvania 19008
(215) 328-1040

Chas. T. Main Inc.
Dave Johnson
P.O. Box 240236
Charlotte, North Carolina 28224

554-1100

GAS (Chicago Aerial Survey)
William Helzing
2140 Wolf Road
Des Plaines, Illinois 60018

198-1480

Comarc Systems
Gilbert H. Castle III
150 Executive Park Blvd.
San Francisco, California 94134-3399
(415) 391-5300

Environmental Research Institute of Michigan
Dr. Bob Rogers
P.O. Box 8618
Ann Arbor, Michigan 48107

994-1200
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ESRI (Environmental Systems Research Institute)
Jack Dangermond
380 New York Street
Redlands, California 92373
(910) 322-1317

Geosystems Inc.
802 E. Grand River
Williamston, MI 48895
(517) 655-3726

Green Horn and O'Mara Inc.
Michael G. Pavlides
6715 Kenilworth Avenue
Riverdale, Maryland 20737-0455
(301) 277-2121

IOM Towill
Robert D. Pettit
1765 Scott Boulevard Rm 210
Santa Clara, California 95050
(408) 985-1810

Management Technology and Data Systems Inc.
857 Beacon Street
Suite 23
Boston, Mass. 02215
(617) 437-7987

Mark Hurd Aerial Surveys
Dale Olson
345 Pennsylvania Avenue S.
Minneapolis, Minnesota 55426
(612) 545-2583

Micro Applitech Inc.
Box 3548
Las Creces, New Mexico 88003
(505) 522-9100

Northwest Cartography Inc.
9618 Roosevelt Way N.E.
Seattle, Washington 98115
(206) 527-1088
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Smyth Associates Inc.
Mr. Smyth
15446 Bel-Red Road
P.O. Box 3406
Bellevue, Washington 98009
(206) 881-9770

Systems Applications Inc.
101 Lucas Valley Road
San Rafael, California 94903
(415) 472-4011

TAC (Technology Application Center)
Ted L. Talmon
University of New Mexico
Albuquerque, New Mexico 87131
(505) 277-3822

Woodward-Clyde Consul tants
Dennis R. Smith
One Walnut Creek Center
100 Pringle Avenue
Walnut Creek, California 94596
(415) 945-3000
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