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Part |

The Basic Concept of GIS

Lesson1 What Is GIS

What are geographic information systems?

In the broadest possible terms, geographic information systers are tools that allow
for the processing of spatial data into information, tied explicitly to, and used to make
decisions about, some portion of the earth. This working ‘definition is neither
comprehensive nor particularly precise. Like the field of geography itself, the term is
difficult to define and presents the integration of many subject areas. As a result, there
is no absolutely agreed upon definition of a geographic information system. The term
itself is becoming hybridized and modified to conform to intellectual, cultural, economic
and even political objectives (Table). This terminology has, in fact, become extremely
elastic, resulting in an increasingly confusing jargon due to new definitioris that
constantly creep into both the scientific and the popular literature.

Examples of Synonymous Terms for Geographic Information System

Table ‘ and the Source or Motivation behind Their Derivation
Terminology Source
Geographic information system " "United States terminology
Geographical information system European terminology
Geomatique Canadian terminology
Georelational information system Techx_\ology-based terminolbgy
Natural resources information system Discipline—based terminology
Geoscience or geological information system Discipline-based terminology
Spatial information system Nongeographical Derivative

Spatial data analysis system 4 Temrinplogy based on what system does
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This lack of accepted definition has resulted in many gross misconceptions about
what a GIS is, what its capabilities are, and what such a system might be used for. It
has lead some people to believe, for example, that there is no difference between
computer assisted cartography, computer assisted drafting, and GIS. Because the
graphic display from these three systems can look identical to both the casual and the
trained observer, it is easy to assume that they are, with ‘minor diffefenées, the same
thing. Anyone attempting to analyze maps will soon discover, however, that computer
assisted cartographic (CAC) systems, computer systems designed to create maps from
graphical objects combined with descriptive attributes, are excellent for display, but
generally lack the analytical capabilities of a GIS. Likewise, for pure mapping purposes
it is highly desirable to use a computer assisted . ;cartographic gystem developed
specifically for the input, de81gn, and output of mappable data, rather than working
through the myriad analytics of the GIS to produce a simple map. Computer assisted
drafting (CAD) — (a computer system developed to produce graphic images but not
normally tied to external descriptive data files) — is -excellent-software for the architect,
speeding the process of producing architectural drawings, and simplifying the editing
process. It would not be as easy to use for producing maps as would CAC, nor would it
be capable of analyzing maps — generally the primary tasks assigned to the GIS.

For the experienced user of GIS technology, there is no need for a definition. The
complex geographical queries that demand its use normally could not be addressed by
CAC and CAD. But for those who have only heard of these tools. a definition: might, prove
useful. A preliminary definition for consideration might be that of David Rhind, who
defined GIS as “a computer system for collecting, checking, integrating and analyzing
information related to the surface of the earth”. This definition has some highly
worthwhile elements that should be examined. First, it indicates that the GIS deals with
the surface of the earth. Although this is not an absolute requirement, the vast majority
of GIS applications do deal with portions of the earth. Moreover, the statement that the
GIS is used to collect, check, integrate, and analyze information enumerates a large
number of the necessary groups of operations for any geographic information system.

Many additional definitions of GIS have been proposéd. Some have shown the
strong linkage between manual and computer-based methods of map analysm Most
others have explicitly stated among its primary objectives, to act as a tool for analyzing
data about the earth. As we will see at the end of this text, one can also extend the
definition to include the organization and people involved in working with spatial data as
well. Like any technology that changes as quickly as does GIS, the definitions
themselves will likely change as well.

For this text I have chosen to use a definition that more closely resembles the way
the GIS operates as a series of subsystems within a larger system. That definition
proposed as a standard by Marble and Peuquet, and used in some form by others in their
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Lesson1 What Is GIS

own definitions, pretty much sums up what it is we do with a GIS and how we do it. It
states that GIS deals with space-time data, and often, but not necessarily, employs
computer hardware and software. More importantly, perhaps, is the subsystem nature
of his definition that provides an easily understandable framework for the study of GIS
The GIS, according fo this definition, has the following subsystems:

e A data input subsystem: that, collects and preprocesses spatial data from various
sources. This subsystem is also largely respbnsible'.fbr the transformation of different
types of spatial data (i. e. , from isoline symbols on a topographic map to point elevation
inside the GIS).

¢ A data storage and retrieval subsystem that organizes the spatial data. in a
manner that allows retrieval, updating, and editing.

¢ A data manipulation and analysis subsystem that performs tasks on the data,
aggregates and disaggregates, estimates parameters and constraints, and performs
modeling functions.

® A reporting subsystem that displays all or part of the dat.abase in. tabular

graphic, or map form. ‘ :
(AXH ik, B i Fundamentals of Geographic Information Systems, . # L Reference [1])

New Words

comprehensive [ kompri'hensiv] adj. £EH; TR ELE; SOHL
intellectual [ into'lektfol] adj. & f189; A
jargon ['dza:g(a)n] n. EWAE

terminology [ tormi'nolodzi] n. %[7fHiE

geomatique [ dzio'meetik]n. HI{FEHEAR

geoscience [ dzi(1)ou'saions] n. Rl

derivative [ di'rivativ] n. JR&EY; T4EY
cartography [ ka:'togrofi] n. HhELH%:; HhELH
architect [ 'askitekt]n. ZHIF

preliminary [ pri'liminori] =. ##0; BIEK; TWEH
enumerate [ i'njuimoreit] v. FZ; HEE

resemble [ri'zembl] v. #; &AL
transformation [ jtreensfa'meifon] n. $¥#

Exercises

1. List some examples of synonymous terms for GIS.
2. What's the subsystems of GIS defined in this text?



Lesson 2 What Kinds of Fsmetions
Does a GIS Have?

The subsystem definition allows for easy comparison between the modern
automated GIS and its analog countefpart, particularly when considering the steps in the
cartographic process (Table 1). The first GIS subsystem, the data input subsystem, is
roughly equivalent to the first and second steps in the cartographic process — data
collection and map compilation (Table 2). In traditional cartography the cartographer
compiles or records a map made up of points, lines, and areas on a physical medium
such as paper or Mylar. The data are collected from such sources as aerial photography,
digital remote sensing, surveying, visual description, and census and statistical data.
The automated counterpart uses electronic devices to record or encode points, lines,
and areas into a computer system. Data collection sources are often the same as those
used for traditional mapping, but now, include a wide variety of digital sources:; digital
line graphs, digital elevation models, digital orthophotoquads, and many more.
Although the mechanics differ between the two technologies, the actual methods are
strikingly similar. ‘

Comparison of the Cartographic Process as Applied to Traditional

Table 1 Cartography (Map) and Geographic Information System ( GIS)
Map GIS
Data collection: aerial photos, surveys, etc. Data collection; aerial photos, surveys, etc.
Data processing. aggregation, classing, Data processing. aggregation, classing, plus ,
etc. ; linear process analysis; circular process
Map production; final step except for Map production; not always final step;
reproduction and dissemination normally one map used to produce still more
Map reproduction Map reproduction . '

Table 2  Analog Versus Digital GIS: A Comparison of Input Subsystem Functions

Map GIS
Input; recorded ( compiled) on paper Input: “encoded” into the computer
from a collected source from a collected source

4



Lesson 2 What Kinds of Functions Does a GIS Have?

Continued
Map GIS
“® " Points : e Points
e Lines ) ® Lines
@ Areas ' ®  Areas
" Sourceés Sources
® Aerial photography ¢ Same as map data -

" @ Digital remote sensing ¢ Digital Line Graph ( DLG)
e Surveying o Digital Elevation Models (DEM)
e Visual descriptions e Digital Orthophotoquads
e Census data ® Other digital databases

statistical data, ete.

This is also the case for the second subsystem, the storage and retrieval subsystem
(Table 3). Although there is no actual counterpart in the cartographic method, the map
itself is the storage and retrieval tool. Points, lines, and areas that have been placed on
the cartographic document are stored there for retrieval by the map reader. It has been
said that the map is the most compact medium for the storage of spatjally related
information and may be the most complex form of graphic device available. In fact, the
compactness of the map and its complexity frequently hamper the map reader’s ability to
extract information.

Analog Versus Digtal GIS: A Companson of Storage

Table 3 and Retrieval Subsystem Functions
Map . GIS
Poihis, lines, and areas are drawn on paper Points, lines, and areas are stored as grid ce]]s or
with symbols. coordmaxe pairs and pointers in computer.
Retrieval is simply a matter of map reading. Attribute tables are associated with coordinate
- pairs.
Retrieval requires efficient comiputer search
technigues. - '

The GIS storage and retrieval subsystem has some advantages over the graphic map
in that queries can be made of the data and only the appropriate, .context-specific
information recalled. This format places more emphasis on formulating queries and
asking the appropriate questions and less on overall map interpretation. In: general
terms, this subsystem stores, either explicitly or implicitly, the graphic locations of
point, line, and area objects ( entities ), and their  associated characteristics
(attributes). Computer search methods are inherent in the GIS programs themselves to
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allow questions to be asked and for appropriate answers to be given.

In the analysis subsystem, once a,gam there is no exact cartographic method
counterpart, except that the map is a fundamental tool for the analysis of spatially
related data (Table4). The analog map requires rulers to measure distances, compasses
to find directions and dot grids or planimeters to measure areas. Furthermore the map
analyst is restricted to the graphic methods used to present the data on the piece of
paper or Mylar. Still, these map analysis tools have been used for a great many years
because of the known utility of comparing spatially related phenomena in a quantitative
manner.

Table 4 Analog Versus Digital GIS; A Comparison of Analysis Subsystem Functions

Map GIS )
Requires rulers, planimeters, compasses, Uses the power of the computer to measure,
and other tools all used by the human analyst compare, and describe contents of the database
Restricted to the data as they are aggregated Allowsreath/accwstotherawdataandallows
and represented on the paper map v aggregation and reclassification for further analysis

The analysis subsystem is the heart of the GIS. The need to analyze maps to
compare and contrast patterns of earth-related phenomena, exemplified by the long-
standing tradition of doing so with traditional maps, provides an impetus to find
more convenient, faster, and more powerful methods. GIS analysis uses the power of
the modemn digital computer to measure, compare, and describe the contents of the
databases. It allows ready access to the raw data and allows aggregation and
reclassification for further analysis. Not only is it not limited in the types of data it can
retrieve but it can combine selected data sets in unique and useful ways far beyond what
the traditional map could provide on a smgle sheet.

Of course, once an analysis has been performed, there is generally a need to report
these results. In cartography, whether it be traditional analog cartography or its digital
equivalent, computer assisted cartography, the output is generally the same — a map.
The most common purpose of cartography, at least from the user perspective, is to
produce a map product, usually in copies for multiple recipients. In fact, productlon and
reproduction are the final two steps in the cartographic method. , -

A major difference between GIS and cartography, beyond the emphasis-on analys1s
in GIS, is the method of reporting the results of analysis ( Table 5). Although many
users, perhaps even most, will still require: mapped output, there are many options
available in modem GIS. Some typical noncartographic -output could include tables
listing, for example, the anticipated.crop yields per hectare by soil type or predicted
changes in population densities by census district. Alternatively, either of these. resuits
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also could be output as a series of histograms or line graphs. Supplementally, digitally
encoded photographs of selected sites could be placed on the map margins or within the
tables or charts.

Table 6 Analog Versus Digital GIS: A Comparison of Reporting and Output Functions

Map Output GIS Output

Graphic device only The map is only one type of GIS output

Many forms of maps With minor exceptions, GIS offers same options
Modifications can include cartograms, etc. as traditional hand-drawn maps

Also includes tables, charts, diagrams,
photographs, etc.

More advanced GIS features are available, as well. Examples include output in the
form of printed mailing labels for a search of a database of potential customeérs to
facilitate the distribution of advertising. A 911 emergency system database could be
connected to a police or fire department, so that when a caller reports an emergency,
the information can be directly routed to the nearest emergency service. This output
could also be in the form of a route map showing the fastest path from the emergency
branch to the site of the emergency. In fact, the types of output are often dictated more
by the use for which the GIS is employed than by the software. And, like the users of
maps, the outputs are many and varied. '

Among the more interesting phenomena arising from the wide range of users is a
new set of terms defining the system on the basis of what it does. For example, one
could have a police information system, a natural resources information system, a
census information system, a rangeland evaluation system, a land information system, a

Information

A
1 A

Nonspatial Spatial

Management r . L. .
systems Non-geographic Geographic information system (GIS)

| A
CAD/CAM f ' w

Other GIS Land information system(LILS)
Socioeconomic Census... Nnhparce] Parcel based
based

Figure A Taxonomy of Information Systems. The Ilustration Shows How GIS and LIS Fit in.



