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GEOGRAPHIC DATA PROCESSING CONCEPTS
AND THEIR APPLICATION TO PARK AND OTHER LAND USE PLANNING

M. Fe Goodchild

ABSTRACT

The issues surrounding the automated processing of
geographic data are subtle and complexe. This paper examines
the field <from the particular stance of the land use
planner, on the assumption that the major purpose of
automated processing ian this context is to answer questions
of a geographic nature that cannot be readily answered by
manual map analysise In this context study areas are usually
small, and study emphasis is more on the ability to provide
rapid answers to complex questions than on the banking of
large volumes of datae

Issues are reviewed under the general headings of the
nature of geographic data, the basic pros and cons of
machine processing, the alternatives in data storage, and
the issues in the encoding processe The conclusions reached
are consistent with the designs of several operating
geographic information systemse.

The PLUS system developed by the author is used +to
provide two sets of illustrations in the final sections of
the papere. One is of the encoding and verification of a
typical geographic source docunment to produce an accurate
data base for a variety of applicationse The other shows
the PLUS/2 system in operation as it responds to a set of
queries about a study area in Southeastern Manitoba from a
fifteen—map data base of physical geographical variablese.

PREFACE

Early in 1973 the author was asked to prepare a paper
for the Department of Indian and Northern Affairs on the
then current status of geographic data processing and its
potential as a tool for park planning (see Reference 23).
That paper identified the major issues and reviewed +the
various approaches that have been adapted to theme The
paper was discussed at a series of meetings with interested
representatives of a number of agencies and 1led (in the
summer o1t 1973) to a contract with the Lands Directorate of
Environment Canada for the development of a limited land-use
planning system to satisfy a number of objectives. First,
the system was to permit the manipulation of maps in a
varliety of ways in an interactive mode < This sort of

facility is impractical in many geographic information



systems but is feasible in a system dedicated solely to
land-use planning because the accuracy requirements are less
severes Second, the system was to make the maximum use of
existing data banks by providing interfaces to theme ( The
greatest obstacle to the adoption of geographic data
processing has been the problem of data encoding, which
requires a large commitment to hardware and staff. Yet this
obstacle 1is slowly being eroded as more data becomes
available in agency archiveses) Finally, the system was to
allow the input of raw data in limited gquantities and in the
most efficient form possible.

The system became known as PLUS (see Reference 26),
organised into two sections, PLUS/l containing the data bank
interfacing and data inputy, and PLUS/2 the interactive map
manipulatione A case study was used to provide test data and
to demonstrate the use of the package (see Reference 25).
Interfaces were developed with the co—operation of the
Canada Geographic Information System (Lands Directorate,
1974) and the Canada Soil Information System (Dumanski and
Kloosterman, 1973) and the system has been demonstrated in a
variety of contexts (see, for example, Reference 27)e Data
can be input and output 1in a variety of other standard
forms, allowing direct interfacing with SYMAP, CALFORM and
POLYVRT {Harvard University Laboratory for Computer
Graphics, 1974) and US Census DIME files (US Bureau of the
Census, 1970).

The present paper reviews the concepts and important
issues underlying geographic data processing, and provides
illustrations and examples drawn from the author's work with
PLUSe. Development of the system is continuinge.

THE NATURE OF GEOGRAPHIC DATA

The principal purpose of this paper 1is to review the
field of geographic data processing in the particular
context of land use planninge (For a more general review see
Reference 12, S8)e It might be as well to begin with an
attempt at a definition of the phrase "geographic data',
before discussing the problems it presentse Consider the
question "How much of the land that lies within five miles
of a certain town is under 500 feet above sea level?" If a
data base is to be capable of answering such a question, it
must contain information on height and on locatione It might
for example contain the precise locations of contour lines
in the area, through the locations of a sequence of points
at which the contours change directione Or, as another
alternative, the topography might be represented by accurate
heights at every intersection of a very fine grid mesh laid
over the arcae With either method, an answer could be given
through an appropriate series of arithmetic and 1logical
stepse

The two methods mentioned above are often referred to
as the polygon and grid systens of data encoding; each is
geographic because each contains explicit locational




informatione As a counterexample, suppose that the
topography had been represented by the average height of
land in each Census Enumeration Area on the mape. It would
then have been lmpossible to answer the original gquestion
without reference to the Enumeration Area locations and
boundarieses So a geographic data base can be defined as one
possessing explicit geographic informatione

The traditional method of storing, displaying and
communicating geographic information has of course been the
mapy, a stylised two—-dimensional representation of realitye.
All of the methods currently available for processing and
communicating information are one—~dimensional,y, working with
a single linear stream of data, and geographic information
must be represented in this way if any of the current data

processing technologies are to be applied to ite This
difference in dimensionality is responsible for a
fundamental paradox in all efforts at image or picture
processingy pattern = recognition, or geographic data

processing; since the eye is a two~dimensional processory it
is often as or even more effective than the digital computer
in certain kinds of operationse. The computer is often only a
marginally beneficial processor of geographic datae.

Geographic data can be classified in a variety of ways;
in a discussion of data processing it is particularly useful
to distinguish between pointy, line and area data. A point
representation 1is often used when a map must show the
locations of objects whose s8ize is much less than the
intervening distances between the objectse Line
representations are used for such phenomena as railways or
roads; area representations are used when characteristics
are to be ascribed to substantial tracts of land, as on soil
maps for examplee

Several other rather specialised types of map can be
classified as variations on this typologye Contour maps can
be seen as (a) area maps on which +the contours are area
boundariesy, or (b)) line maps on which heights are to Dbe
interpolated between neighbouring linese. Points are
sometimes used to infer areas, as when the locations of
Census districts are given by centroidse.

A map can display several types of information at once,
but for data processing purposes it is difficult to deal
with more than onee The term ‘coverage! is used in the
paper to refer to a single type of data and a defined
geographic areae. So a coverage is a one—dimensional
classification of a two—dimensional segment of the earth's
surfacee An area-map coverage consists of a single
partitioning of an area into non—overlapping, homogeneous
Zonese.

The relative importance of each type will of course
depend on the contexte However, the scale of most land use
planning is sufficiently detailed that the bulk of requisite
information is areale Much of the relevant data, on soils,
land use, vegetation, etcey 18 collected directly in areal
forme In addition, most socio—economic data is collected by
predetermined areal units and is therefore also arecale On



the other hand, topographyy, climatic variables and water
table depths are usually determined by point sampling and
represented through contoured mapse. Highway rights of way
are sufficiently narrow that they can often be dealt with as
line data. In summary, while areal data predominates, all of
the standard types can be recognised as relevant to land use
rlanninge.

Finally, accuracy 1is an important 1issue which can
easily be overlookede The paper touches on the question at
several points, as the degrees to which the results of data
processing reflect the information on the source mapse There
are complex payoffs between the costs of processing and the
accuracy of the resultse Basically, there is no value in
providing accuracy in data that will never be used in
analysise Nor is there value in an elaborate system which
can provide precise answers 1if they are based on inaccurate
datae An air photo analyst may subjectively draw a line
which encloses land of a roughly homogeneous soil type; yet
the data processing system will objectively ascribe the
precise soil type to precisely all of the land within the
linee

Ihe Case for Machine Processing

Geographic data processing is a relatively new fielde
Although it has been possible to handle geographic data
since the earliest days of electronic computers, it is only
through the enormous reduction in costs per operation over
the last 20 years, and the simultaneous increases in storage
capacityy that processing has become economically feasible
on a realistic scales (The points made in this section are
discussed in more detail in Goodchild (1973 ). )

Three types of geographic data manipulation are
considered 1in this sectione The advantages of automatic
processing are assessed in the context of mapping, then in
relation to geographic information retrieval, and finally in
the analysis of geographic relationships and model
calibrations All three areas are to some degree relevant to
present day land use planning, and are assessed in that
contexte But, as well, it is important to bear in mind that
the development of geographic data processing techniques may
open new directions for land use planning in the futuree.

Automated Cartography

Once geographic information has been coded,y it can
readily be retrieved in graphic form as a computer—-produced
map ( see Reference 48)e. Two main methods exist, based on
the plotter or computer—driven pen, and the line printer. In
Canada, both the Canada Land Inventory, through the Canada
Geographic Information System (Lands Directorate, 1974) and
the Department of Agriculture, with the Canada Soil
Information System ( Reference 15) have produced massive data
files of coded information readily usable for producing
plotted mapse. Canada Land Inventory coverages are described




in Reference 15« Similar efforts in other areas can be found
in the GRDSR program of Statistics Canada (Reference 55),
the National Topographic Survey of the Department of Energy,
Mines and Resourcesy and other agenciesy, both federal and
provinciale.

In the 1line printer case, relatively crude maps have
usually been made by overprinting symbols to create
different shadings (see Figure 4) although more recent
variants such as the electrostatic plotter produce more
acceptable results by a dense application of small dotse

At the simplest level, automatic cartography is not an
efficient way of making a mape It would clearly take at
least as long to describe the map to the machine by encoding
it as it would to plot it by hande But there are many sets
of circumstances which may Justify computerising a mape
First, once encoded the map is stored by the computer so
that the benefits of encoding extend beyond the cartographic
exercise. The data might be used to plot the same map at
different scales or to draw only part of it: or The coded
map might be used as a source of information in some
analytic probleme. Second, there are cases in which the same
computer—coded base might be used to produce different mapse
For exampley, once the outlines of census areas are coded it
is possible to produce innumerable maps of different census
variables very cheaplye. Furthermore, one may wish to process
the map between the coding and drawing stagese. It might be
necessary to change projection or scale: or computer
processing might be used to make corrections and
modifications before drawing an updated final copy of a mape.
And finally, a great deal of work in the printing process
(in the preparation of colour separations) can be avoided by
effective automatione.

But while each of the operations mentioned may be very
relevant to the routine production of topographic, soil or
census maps by the appropriate agencies, the 1land use
planner is unlikely to Justify encoding geographic data for
the sole purpose of automated cartographye. He is more
likely concerned with a unique, limited study of a specific
areay, with very 1little likelihood +that the data will be
useful to other studies in the future, at least without
extensive updating and revisione

Information Retrieval

The land use planner must work with answers to a wide
variety of geographic questions, ranging <from the simple
"What is here?" on a single coverage to complex comparisons
of several coverages, such as "How much land of types xy ¥y
and z on coverages Ay, B and C lies within N miles of
location L?", or problems involving a search over feasible
locations to find optimum sites. Some of these questions can
be answered by eyey, and it is not difficult to construct a
case in which the eye can accomplish an operation
(evaluation) more rapidly than a third-generation computer,
given a clear map and a prior encodinge Even when




the capabilities described above may fit directly 1into
planning practice, more advanced operations are likely to do
s0o only in the long terme

Consider the following examplee A power line is planned
across productive agricultural land and must follow the

route of minimum cost, defined as the composite of
construction cost, land acquisitiony, transmission cost and
agricultural production losse. Potential agricul tural

production can be calculated from agricultural capability,
which is available in map form, but the actual relationship
has yet to be establishede. Advanced geographic data
processing capabilities might be used in this context, first
to establish the relationship between potential production
and land capability (by regressing past ylelds against the
map of capability) and then to select the optimum site by a
minimising search algorithme Whatever the set of operations
finally considered useful for land use planningy it is clear
that any system must have the potential for rapid and easy
addition of new capabilities as the need for them becomes
apparente.

THE ISSUES IN MACEINE STORAGE

In discussing the costs and benefits of various
approaches to machine storage of geographic data sets, there
are three separate sets of criteria to be considered. First,
there are alternative methods for actually encoding data,
each with its own advantages and disadvantagese Second,
long-term storage presents its own problems of efficiency
and reliabilitye. And third, there is a wide variety of
eventual applications of the data which must be reflected in
the methods of storage and retrievales

The two methods of automated cartography, plotter and
printer, correspond precisely to the two major methods of
data storagey, polygon and gride Plotter maps are drawn by
driving a pen around each of a number of boundaries; polygon
data is stored as a sequence of points which, when
connected, indicate polygon boundariese Similarlyy printer
maps are created by placing a symbol in each of a finite
array of cells; correspondingly, grid data is stored as a
collection of discrete values associated with grid cellse

Within each of the two classes there are innumerabdle
variantse The record in a polygon data set can consist of
all that 1land classified by a certain code, or a complete
contiguous polygony, or a segment of a polygon boundary
between two junctions, or a single boundary pointe These may
usefully be referred to as levels 1, 2, 3 and 4 files
respectivelyes Certain variants contain more than one levele.
The SYNAP structure is a pure level 2 formy whereas the
CALFORM structure combines level 4 and level 2 subfilese.
(See Reference 30.)

The grid data structure may vary according to the
convention for ordering cellsy, although the commonest by far
is the basic printer sequence, by rows from the top left



cornere More importantly, the structure may be compressed so
that extensive runs of the same cell type are replaced by
integral multiplierse The literature on data structures is
extensive; for reviews see References 00, 00.

The accuracy with which polygon data represents 1its
source document depends on the accuracy with which each
boundary line is encoded. If the boundaries are excessively
contorted, they may require a high density of points +to
create an accurate representationy, while the largely
straight lot lines of a land use map can be coded with a
much lower densitye But in general a moderate number of
boundary points are sufficient to make an adeqgquately
accurate polygon data sete

By contrast, a grid data set has a definite and
predetermined level of accuracy once the grid cell size is
sete Relationships exist between grid cell size and the
reliability of any estimate of area, or any other geographic
parametere. (See Reference 24, 57.) Yet in spite of the
sacrifice of precisiony, gird data has a very clear advantage
in any of the more complex forms of geographic data
processinge Maps can be made equally readily from either
data typeys but any operation which requires the evaluation
of land type at a specific 1locationy or the comparison of
adifferent mapsy, is far more readily executed with grid data
than with polygone With grid data, it is a simple matter to
calculate the cell in which a point 1liesy, and thus to
retrieve 1ts characteristicsy; but with polygon data it is a
substantial problem to associate a specific polygon with a
given pointe.

For this reason most advanced data processing of the
type outlined above has been carried out on gridded data
setse The sacrifice of accuracy has been judged to more than
compensate for the excessive computational problems of
information retrieval from polygon datae. Optimally, each
coverage is coded by a precisely similar grid, so that the
nth cell in the first grid corresponds to the nth in every
othere.

But while information retrieval and analytic operations
are best performed on grid data, there is no need to store
all data in that formy, as transfer is easy between the two
types, particularly from polygon to gride Grid data sets are
only rational once a level of accuracy and a study area have
been determinede Thus one finds that the polygon structure
has been adopted by most agencies with responsibility for
data collectiony storage and cartography, while grid data is
favoured for sophisticated retrieval and analysise. Ideally,
data should be collected and stored in polygon formy, and
then gridded for each specific study area and level of
accuracye Collecting directly in grid form places too many
restrictions on the usefulness of the data, while analysis
using 1 data is b d to be ordinately expensivee



THE I1ISSUES IN DATA ENCODING

The encoding of point or line data presents no
particular problems. Co-ordinates can be taken directly from
source documents with readily available digitising
equipmente. Grid coding of areal data is similarly
elementary, though unlikely for the reasons discussed in the
preceding section. But the encoding of areal data in polygon
form has historically been one of the main stumbling blocks
of geographic data processinge In the simplest manual system
a digitiser operator indicates a sequence of points that he
wishes to have encoded, together with the contents of each
polygone There are many variants of the processy, depending
on the degree to which computer processing is used in the
eventual editinge A few possibilities are discussed belowe

Ihe SYNMAP Method: Complete Polvgon Encoding

In this systemy, the polygon constitutes a file record
(a level 2 file according to the above notation)e. The
operator codes a series of points defining each polygon
outline in clockwise ordery, and then codes the contents of
each polygone See Figure 1(a)e As a result every boundary is
coded twice, as part of the polygon on either sidee. The two
versions of each line will inevitably conflict, so the crude
image is often processed to resolve any deviations of less
than some allowable amounty say 0«05-inch, to create a clean
:flle.

Ihe CALFORN MNethod

The file cleaning process mentioned above is
potentially dangerous, since any real detail in the map at a
scale of less than 0.05-inch will be removed along with the
spurious detail. The CALFORM method attempts to resolve this
potential ambiguity and to economise in effort by avoiding
the double encoding of each 1linee Every polygon vertex on
the map is first numbered and location encoded in a level 4
filee Then the polygons are coded by listing the sequence
numbers of their vertices, to create a level 2 filee. See
Figure 1(b)e Although the method becomes unmanageable when
large numbers of vertices have to be numbered, it avoids
both of the difficulties of the SYNMAP systeme But a
realistic encoding method must be made to deal with
thousands of polygons and hundreds of thousands of vertices
on a single mape

PC(Segment) Methods

PC methods divide the polygon networks into sections of
boundary between Jjunctions (a level 3 file) and so avoid the
duplication problem of the level 2 methodse See Figure 1(c)e.
But each junction now creates a problemy, since it occurs at
the end of each of several records, and may be coded at a
slightly different point each timee So a certain amount of



processing must be used to resolve discrepancies to within
an allowable limite A variety of methods have been devised
to resolve discrepancies in an unambiguous waye. In sSome
cases each Jjunction is encoded 1in a separate digitising
phase; in others, each segment is named according to the
polygons it boundse.

PC encoding can become a complex and confusing task for
a digitizer operatory who must continually switch between
point encoding and the identification of polygonse. In some
variations of the method, polygons are identified in a
separate phase of the encoding process after the entire
point encoding is complete. This is easier for the operator,
but requires a more sophisticated processing stage to
resolve more complex ambiguities at junctionse The IC method
implemented in PLUS/1 is one example, see Reference 25« The
operator first codes the boundaries by identifying vertices,
but without necessarily beginning and ending records at each
Jjunctione The polygons’ are then identified by encoding one
point within each one and giving its characteristicse
Computer software identifies all Junctions, breaks the
encoded boundaries at appropriate points, and attaches each
polygon type to the segments forming each polygon boundarye

Semi-automatic Methods

The encoding methods described above can be automated
in various wayse First, the digitising process can be
accelerated if points are coded automatically, at given
intervals of time or over given distancesy, rather than by a
conscious act of the operatore Second, a great deal of work
has gone into making the line-following process semi-
automatic, with a limited amount of operator control to
resolve ambiguitiese The map is usually scanned by a device
similar to a TV camera, moving unaer the control of a small
"dedicated" computers Ambiguities are brought to the
operator's attention when they cannot be resolved
internallye. (For example, Reference 8.)

Eully Automatic Coding

The technology necessary to read an entire map and
place it in computer storage has existed for a long timee.
Unfortunately, such a vast amount of data 1s created if the
map is scanned with any degree of precision that the cost of
sorting out polygons by computer processing is inordinately
highe In additiony most source documents must be redrawn
prior to scanning to remove any marks that do not represent
polygon boundaries, an operation that often occupies as much
human effort as manual digitisinge But several trends
suggest that such systems will enjoy increasing popularity
in the futuree. Computer processing is becoming cheaper,
while the cost of manual operations is increasinge. And with
better software, it should be possible to scan images that
are closer to the source document in quality, without
requiring expensive redraftinge. But at the present time the




PC (Segment) methods discussed above are clearly the most
practical and economical for the creation of polygon data
sets except in the largest agenciese.

Editing Data Sets

These are +two fundamental problems 1in editing or
updating areal data sets and they are largely responsible
for the difficulties which all practical systems have
experienceds First, there are internal consistencies within
any polygon data sety, so that changes may have to be made at
several points in the file at oncee For example, if a
boundary point location is changed 1in SYNAP data set, the
change must be made to at least two of the coded points in
the filee Or if a polygon characteristic is changed in a PC
filey, it must be changed in all of the records which make up
the polygon boundarye So it is essential that editing be
done using specialised.software so that internal consistency
can be preservedes

Secondly, there is a fundamental difficulty in relating
the contents of &a file to the appearance of a mape The
coordinates of a point cannot be associated with particular
lines on a map without the aid of a digitiser or plotting
devicey, 80 both machines are usually considered essential to
the editing processe Some editing systems use graphics
terminals to display sections of a data sety so that the
user can identify the 1location of errors on the original
source documente Errors can then be corrected with the
terminal cursory, which the operator can position to revise
locations or to indicate changese. This sort of man/machine
interaction appears to be the best solution to the editing
of polygon data, but suffers at the moment from the
smallness of graphics terminal screense. The ideal system
would operate at the same scale as the source document,
perhaps through a combined digitiser/plotter system with a
head that could be driven or positioned manually, in an
interactive modees

EXAMPLES
Ihe Encoding Process for Polvgon Data

The first example illustrates the preparation of an
areal data set of the polygon type from the source document,
using the PLUS software package. The map chosen for encoding
is one showing the pattern of Census Enumeration Areas in
the city of London, Ontario; there are 478 separate polygons
on the map, mostly with simple rectilinear outlines. The map
was coded using a simple manual digitiser, with a cross hair
cursor connected by a rigid arm and steel cables to two
incremental counterse A digitiser operator pressed a foot
switch whenever a point was to be encodedy, causing the
point's x and y co-ordinates to be recorded on a punched
card, to the nearest 1/100-inche The overall accuracy,




expressed as the ability of the operator to find and encode
the same point at infrequent intervals, is about 0.05-inche

The IC method discussed briefly above was used to
encode the mape. In the first stage the operator coded the
entire image as a network of lines, breaking the sequence
whenever necessary to move to another section of imagee
Figure 1(d) shows a typical sequence and should help to
clarify the methode In a second stage, a single point is
located arbitrarily in each polygon, in this case 1its
Enumeration Area identification numbere. This primary coding
operation occupied the digitiser operator for ten hours,y,y in
which time roughly 10,000 image boundary points were coded,
and 500 identifierse.

As a first step in correcting the errors in this raw
datay; the image and centres were plotted out at the same
scale as the source document (Figure 2)e Several Kkinds of
error can be detected immediately, such as those which
result when the operator fails to properly indicate a break
in the encoding of the image, or when sections of image or
centres are omittede Another +two hours were spent in
modifying the data to remove such errorse

The data were then processed by a PLUS/1 programme
package (POLYSORT) designed to identify Jjunctions, make
appropriate breaks in the line image, and attach the polygon
identification to the appropriate side of each PC records At
the same timey, any gaps at junctions caused by an undershoot
or overshoot during digitising were removed to within a
certain tolerance (0Oel-inch)e. Nevertheless, errors could
still exist in the file at this stage. Junctions could fail
to close within the prescribed tolerance, or there could be
problems that were not visually obvious at the earlier error
correctione Nore seriously, the use of an error tolerance
means that it is difficult to resolve real detail at scales
approaching that tolerance without ambiguitye

Three checks for potential errors were made at this
stagey besides those already describede First, the internal
consistency of the file was checked by linking together all
of the PC's forming each polygon boundary, to ensure that no
gaps existed and that each was coded with the correct
polygon identificatione Any errors were flagged by the
PLUS/1 program (EDITONE) so that they could be checked and
correctede. As a second check, each polygon identification
was verified from the original mape Any changes must
maintain the internal consistency of the file and so must be
made by an appropriate program package (EDITIWO)e Finally,
the PC file was plotted at the scale of the source document
to ensure that the boundary ltocations were correct (Figure
3)e

A clean polygon data set can be used in a variety of
wayse The coded map can be gridded at any scale, with any
size of grid cell (GKID)e See Figure 4., It can be used to
calculate areas, perimeter lengths, centroid locations and
other geographic summaries (RPG); it can form the basis for
mapping using one of the standard polygon mapping packages

( SYMAP or CALFOEKM) _End if necessary the data structure can



be modified to any variant of the polygon form (STRUCT); and
polygon maps can be overlain (OVER) to produce composites in
which each combination of polygons becomes a new, unique
figuree. (GRID, RPG, STRUCT and OVER are PLUS/1 routines
described in Reference 27.)

Information Retrieval with Grid Data

The second example demonstrates the use of geographic
data in an information system using PLUS/2. Under this
system, answers to a variety of queries are available at a
user's terminal (a teletype or cathode ray tube device) in
response to simple commands. In the following pages results
of an actual run are photographed from a screen in precisely
the way a user would see ity with underscoring applied to
everything that would be typed by the user. The actual case
is taken from a study of the Roseau River basin in southern
Manitoba (Reference 27)« Data on the area has been gridded,
based on 168 columns and 36 rowsy, so that each map cell
corresponds to one quarter section of lande Fifteen
coverages of the area were stored in this grid forme The
"resource value" recorded for each cell on each map coverage
is the predominant value of the appropriate variable in the
area covered by that celle.

A computerized '"planning" session begins (Figure S5) by
the user asking for assistancee The list of commands
available in PLUS/2 contains several routines for the
analysis of map data, for the preparation of summaries,
display of mapsy creation of new maps and the combination of
existing coveragese The command YCOVERAGES' produces a list
of maps in the system; these names, along with the size of
grid area and other basic information on the study area are
passed from session to session: they can also be entered by
a dialogue initiated by the '"RESTART' commande.

Incidentally the PLUS.2 system recognises four kinds of
coverage, Alpha, Numeric, Lines and Pointse Alpha and
Numeric maps both consist of cellular arrays, but differ in
the allowed list of operationse The values on a Numeric map
are assumed to be measurements on some scale, whereas no
interval or ordinal relationship 1is assumed between the
alphabetic or numeric symbols on an Alpha mape.

After finding out what converages are available the
user might ask for a display of one of the maps in the
systeme YAGD? isy in reality, the primary agricultural
capability class, on a scale of 1 to 7. Because only 72
print positions are available on the terminal being used,
the system asks for a part of the map to be specifiede. It
has previously determined that the map must be displayed as
six 'pages'!, two rows and three columns, so that page 1,2
corresponds to the top centre of the mape Page 1,1 is the
top left, and page 2,3 the bottom right. (See Figure 6.)

These maps are crude images that can be produced at the
terminal in secondase Nore permanent maps of published
quality might be produced from the same data by directing
output to a line printere. A command 'PILOT! is available in



PLUS/2 when permitted by the specific computer system in
US€e

¥hat Proportion of Land is Class 27

In displaying a map, the system is merely making a
crude reproduction of a source documente But the same data
can be used to answer a series of questionse Consider first
a question which <can be answered through the "TABULATE!?
commande Since the AGD file being considered is Alpha, the
values on the map are reported in the order in which they
are foundy and in the actual requesty the output shows that
12.3% of the areca Class 2, a total of 742 cells (Figure 7).

How Much Land }is Class 2
¥ith an Average Water ITable Depth
of 12-30 Inches?

The coverage 'S1G¢ contains a classification of the
depth to water tabley using the number 3 to indicate depths
in the range 12-30 inchese So the gquestion above requires a
comparison of two maps and an evaluation of the area over
which two classes coincidee The PLUS/2 Y'YCROSSTAB' command
will tabulate all coincidences between two coverages; it
shows that of the 742 cells of Class 2 agricultural
capability, 126 have the required class of water table depth
(Figure 7))« This corresponds to a total area of 31.5 square
mileSe

How Much Class 2 Land
Lies ¥Within 10 Miles of Stuartburn?

This query can be answered with the '"DTAB' commandy,
which analyses a map according to distance from a fixed
pointe The location of Stuartburn is given in terms of the
network of cells, as row 18, column 50 The user now
indicates how the map is to be analysede. Each cell in the
map will be identified in two waysy according to its type,
and to its distance from Stuartburne The user defines ranges
of aistance, by indicating the upper limit of each range,
and the symbol the range is to be given in the output tablee.
Distances must be given in terms of cells, bearing in mind
that each quarter—section cell is one half mile acrosse By
specifying limits of 20 and 200 cells,y, the user is in effect
indicating ranges of less than and greater than 10 miles,
since no distances of greater than 200 cells occur on the
mape From the output, Figure 7, the user infers that only 9
cells have the required characteristic, the majority of
Class 2 land lying outside the ten mile radiuse



Figure 1 lllustration of Alternative Digitizing Methods
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Figure 2
Initial Plot of Example 1




Figure 3 -
Final Plot of Example 1 -
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Can Agricultural Capability
Be Predicted From ¥Yater Table Depth?

Neither 'AGD' nor 'S1G' were initially declared as
Numeric files, although both contain exclusively numeric
symbolsy, which in turn represent values on crude scales of
capability and depth respectivelye. So they both satisfy the
requirements of Numeric files, and their types are changed
using the *RETYPE' command to form files 'NAG? and 'NSl'.
The *REGRESS' command can now be used to test for a
predictive relationship (Figure 9)e Any cells containing the
code '0' in either file are omitted, since the code denotes
missing data, leaving 2,756 cases to be evaluated by linear
regressions The correlation of 0183 indicates that a very
weak relationship is present, with good capability (low
values) corresponding to shallow water tables, but that many
other factors also affect the capability indexe.

Yield Predijction

Suppose that past analyses have indicated that hay
yields,y in thousands of pounds per acrey, can be predicted
from the equation

Yield = 3 + 0.5 + 0.4 S16G

The 'COMEINE'!' function can be used to produce a new coverage
in which each cell shows the combined yield prediction from
the capability and water depth coveragese The options in the
command allow a wide variety of algebraic and logical
combinationse See Figure Q.

How Much Class 2 lLand
Lies in the Municipal District of Franklin?

The outline of the District is used to make a coverage
'FRA' showing the critical area with the symbol F and the
rest of the map as Oy by invoking the * POLYGON'!' commande A
crosstabulation of 'FRA' with 'AGD! then shows that 671
cells have the required capability classe. This and other new
cocverages created during the session now appear in the
YCOVERAGES!' list with appropriate types. (See Figure 11.)

VYhat is the lLargest Continuocus Blogk
€1 Class 4 Forestry Land?

The tabulations above have paid no attention to
continguity, so that a total of 100 cells may exist as a
continuous tracty or as 100 small fragmentse The system can
produce summaries of contiguous areas through the 'CONTIG?!
commande An analysis of the map of forestry capability,
'FGDY, shows that 221 cellsy, or 54.25 square miles are
available in one unite (See Figure 12.)

How Much Class 2 Land




Lies Within 2.5 Miles of the CNR Right of Wav?

This 18 answered in three stepse. First, the location of
the right of way is supplied to the system through the
*LINES' command, by giving the locations of points at which
the lines in the network change directione Then the 'STRIPS!?
command creates a coverage based on the Lines file by
distinguishing the cells within a critical distance of the
network by a particular symbole Finally, a crosstabulation
of this new coverage with 'AGD' shows that there is no Class
2 land within the critical stripe. (See Figure 14.)

CONCLUSION AND SUMMARY

The second example illustrated the use of a geographic
information system to answer a set of querles that would be
largely impossible by the manual analysis of mapped
informatione The kind of system exemplified by PLUS/2 is
capable of providing answers to complex questions both
rapidly and cheaply, using data stored in grid forme. While
it is possible in principle to perform the same operations
on polygon data, the computer processing times and costs are
much greater and far outweigh the corresponding increase in
accuracye Furthermorey, it is doubtful if a user could cope
with the volume of data produced in an analysis of polygon
data setse The size of a grid cell in a grid analysis can be
adjusted to provide the level ot resolution and
generalisation appropriate to a particular study, whereas
polygon data is constrained to a constant, high level of
precisione

The major expense of the system described herey and for
that matter of all information systems, lies 1in the
collection preparation and maintenance of the data basee.
This paper has been written from the planning point of view,
on the assumption that the agency using such a system has no
explicit responsibility for the acquisition of any
particular kind of data, but rather is concerned with making
the best use of geographic data sets maintained by other
agencles, such as Statistics Canada or the Canada Land
Inventorye. As such, the final obJjective of the system must
be the ability to respond to queries such as those in the
second example; data storage and cartography are not likely
to be major objectives by comparisone. The selection of data
structures is thus dictated by the need for grid form of
levels of accuracy can be decided in advance. But more
freguently a planning study will require various levels of
accuracy as it moves from general studies of an area to
detailed examination of critical zonese. In such cases it is
appropriate that data be first encoded in polygon form, and
then overlaid with various grid cell schemes as necessarye

These arguments can be summarised in a scenario for a
typical studye The area to be studied is first delineated,
and enquiries made to determine the amount of data already
avalilable in various agency data bankse Such data is likely

to be of polygon form, since agencies with a responsibility



for acquiring data will usually avoid any loss of resolution
in the encoding processe Additional data will be needed,
besides that available in data banksy and must be encoded
from mapse To avoid a premature choice of a level of
resolutiony such data is best encoded in polygon formy the
precise method depending on the equipment available,
following the arguments made earlier in the papere.

An initial level of resolution is now determined, and
all available data gridded at that level to form a data base
for analysise If the accuracy must be changed later +to
permit a detailed analysis of part of the study area, the
polygon data sets can be regridded with no difficultye
Initially, more information will be needed as the study
progresses and should be acquired in grid form if needed for
one level of resolution, or on polygon form if required more
£enerallye

Several current trends in the computer hardware
industry are likely -to affect the area of geographic
information systems in the near future, in some cases by
altering these conclusions,y, in others by reinforcing theme
Firsty the cost per operation is likely to continue to drop,
along with the cost per unit of central memorye. The effect
will be to improve the feasibility of automatic polygon
datae This should encourage the maintenance of large polygon
data sets, which will relieve planning agencies of much of
the responsibility for data collection for planning studiese.
Secondly, the introduction of new forms of solid state
circujtry at vastly lower cost and smaller size is leading
to the introduction of parallel-processing systems, which
can perform many similar operations simultaneouslys. This
trend is of particular importance to geographic problems; in
which large arrays must be processed with highly repetitive
operationse Finally, although geographic arrays are large,
processing is basically sequential in many operations, such
as those performed by PLUS/2. Many of the features of large
computer systems {(such as extensive core memory and direct
access disk) tend to be unnecessary, and indeed PLUS/2 can
be operated efficiently in a small mini-computer system with
a fast central processor and a sequential access disk but
very little coree.

This paper has identified the major issues in
geographic data encoding and processing from the viewpoint
of applications in the planning fielde Geographic data
processing is now entering a rather lengthy phase ot
demonstration and applicatione Planners, not computer
technicians, must be made more aware of the possibilities it
offers, through more efficient responses to geographic
auestions and through the new kinds of geographic analysis
that it permitse




