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INTRODUCTION

ESM 407 - Geographic Information Systeims 3-credit unit course for
students of Environmental Science and Resource §smant.

The course is divided into five modules; each meduhs five study
units. At the end of this course, you are expetdele conversant with
issues relating to definitions of Geographic Infatimn SystemgGIS),
essential features of GIS, questions that GIS ocawar, characteristics
and types of geographical features. The courskdugrovides you with
insight on GIS and related systems, geo-referencspmatial and
attributes databases and database managemengl spali attributes
data models. Through this course, you would undedst data
manipulation/analysis operations in GIS, cartogiegdhvisualisation of
data, concept of data updating, as well as appicatff GIS. The course
will also expose you to GIS implementation issugsllenges of GIS
implementation in Nigeria, strategies for enhancmgccessful GIS
implementation. The course guide, therefore, s briefly what the
course: ESM 407 is all about, the types of courstenals to be used,
what you are expected to know in each unit, and towork through
the course material. It suggests the general goekeland also
emphasises the need for self-assessment and tat&ediassignment.
There are also tutorial classes that are availiléhis course and you
are advised to attend.

WHAT YOU WILL LEARN IN THIS COURSE

The overall aim of ESM 407 - Geographic Informati®ystems is to
introduce you to GIS through the definitions of GlSistorical
development of GIS, the value of geographical datfaer technologies
related to GIS, the components of GIS (hardwardtwsoe, data,
personnel, and procedure), the various functionsGth, database
models (spatial and non-spatial), applications &,&nd issues in the
implementation of GIS among others.

COURSE AIMS

This course will give you an in-depth understandifghe elements and
principles of geographic information systems. It hieped that the
knowledge would equip you with the conceptual athhical issues on
the practical applications of the science and teldgy of geographic
information systems.
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COURSE OBJECTIVES

It should be noted that each unit has some specbjectives. You
should read them carefully before going throughuhie. You may want
to refer to them during your study to check on ypuogress. You
should always look at the unit's objectives aftempleting a unit. In
this way, you can be sure that you have done vghagquired of you by
the unit.

On successful completion of this course, you shbel@ble to:

define geographic information systems

highlight the essential features of GIS

highlight some of the spatial questions that GI& ¢&lp us
answer easily

trace the historical evolution of GIS

list the factors responsible for the growth of GIS

explain the nature, characteristics, types and cssurof
geographical data

differentiate between GIS and other related teatgies

identify the various components of a typical GIS

state the functions of GIS

discuss the concept of geo-referencing

examine the processes of spatial and attribute ciéure and
integration

identify the various electronic data storage devigsed in GIS
and the qualities of good storage devices

outline some of the major data manipulation and lysmE
operations carried out in GIS

discuss in detail, some of the geographical amalysicedures
examine the issue of data display in a GIS enviemm

explain document and printing formatting

discuss the concept of data updating

describe the nature, content, and functions of lsphtial and
non-spatial database systems

examine the conversion from one model format talaero
discuss the concept of visualisation

identify some areas of GIS application

discuss issues related to GIS implementation.
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WORKING THROUGH THIS COURSE

To complete this course, you are required to rdea dtudy units,

recommended text books, and other relevant maderighch unit

contains some self-assessment exercises and tatdedassignments,
and at some points in this course, you are requoesubmit the tutor-

marked assignments. There is also a final exanoimatt the end of the
course. Below are the components of this coursendrad you expected
to do.

COURSE MATERIALS
The major components of the course are:

Course Guide

Study Units

Text books
Assignment File
Presentation Schedule

aghrownNE

STUDY UNITS
There are five modules and 25 study units in tbigee. They are:

Modulel Introductionto GIS

Unit 1 Overview of GIS

Unit 2 Definitions of GIS

Unit 3 History of GIS Development

Unit 4 Understanding Geographical Data
Unit 5 GIS versus Allied Technologies

Module2 Componentsof GIS

Unit 1 GIS Hardware

Unit 2 GIS Software

Unit 3 Data

Unit 4 Personnel

Unit 5 GIS Method/Procedure

Module3 Functionsof GIS

Unit 1 Data Input
Unit 2 Data Storage
Unit 3 Data Retrieval and Manipulation

Unit 4 Data Output

Vi
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Unit 5 Data Updating

Module4  Database Structure

Unit 1 Database Structures
Unit 2 Spatial Data Model
Unit 3 Attribute Data Model
Unit 4 Data Quality

Unit5 Sources of Data

Module5 Application and Implementation of GIS

Unit 1 Cartographic Application

Unit 2 Socio-Economic Application

Unit 3 Environmental and Natural Resources Managgm
Unit 4 Facilities and Land Management Application
Unit 5 GIS Implementation Issues

TEXTBOOKSAND REFERENCES
These texts will be of immense benefits to thisrseu

Arnoff, S. (1989).Geographic Information Systems. A Management
Perspective. (4th ed.). Ottawa: WDL Publications.

Bolstad, P. (2005GIS Fundamentals: A First Text on Geographic
Information Systems. (2nd ed.). White Bear Lake, MN: Eider
Press.

Burrough, P. A. (1986Principles of Geographical Information Systems
for Land Resources Assessment. New York: Oxford University
Press.

Chakraborty, D. & Sahoo, R. N. (200'Aundamentals of Geographic
Information Systems. New Delhi: Viva Books.

Chang, K. (2006)lntroduction to Geographic Information Systems. (3rd
ed.). Boston: McGraw-Hill Higher Education.

Clarke, K. C. (1995).Getting Sarted with Geographic Information
Systems. (3rd ed.). New Jersey: Prentice Hall.

DeMers, M. N. (2000).Fundamentals of Geographic Information
Systems. New York: John Wiley & Sons.

Vii
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ESRI (1990).Understanding GIS The ARC/INFO Method. Redlands,
CA: Environmental System Research Institute.

Huxhold, W. (1991).Introduction to Urban Geographic Information
Systems. New York: Oxford University Press.

Jones, C. (1997)Geographical Information Systems and Computer
Cartography. Essex:Addison Wesley Longman Limited.

Longley, et al (2001). Geographic Information Systems and Science.
New York: John Wiley & Sons Inc.

Maguire, D. J. (1991). “An Overview and Definition§ GIS.” In: D. J.
Maguire, M. F. Goodchild & D. W. Rhind. (Edsheographical
Information Systems: Principles and Applications. London:
Longman, Vol. 1, pp. 9-20.

Robinsonet al. (1995).Elements of Cartography. (6th ed.). New York:
John Wiley & Sons.

Star, J. & Estes, J. (1990fGeographic Information Systems. An
Introduction. New Jersey: Prentice-Hall.

Tomlin, C. D. (1990). Geographic Information Systems and
Cartographic Modeling. New Jersey: Prentice-Hall.

Uluocha, N. O. (2007)Elements of Geographic Information Systems.
Lagos: Sam Iroanusi Publications.

Wise, S. (2002)GISBasics. London: Taylor & Francis.
ASSIGNMENT FILE

The assignment file will be given to you in due is&u In this file, you
will find all the details of the work you must sultirto your tutor for

marking. The marks you obtain for these assignmeittgount towards
the final mark for the course.

ASSESSMENT

There are two aspects to the assessment of thisecokirst, is the
Tutor-Marked Assignment; and second, the writteangxation.

You are expected to apply knowledge, comprehensndormation and
problem solving gathered during the course. The ofFhtarked
Assignments must be submitted to your tutor fomar assessment, in

viii
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accordance to the deadline given. The work subdhitél count for
30% of your total course mark.

At the end of the course, you will need to sit forfinal written
examination. This examination will account for 7@¥%your total score.

TUTOR-MARKED ASSIGNMENT

You need to submit all the TMAs as provided in th&1S in your
portal. When you have completed each assignmehmiswnline and
you can access your grades immediately before e¢ladlthe. If for any
reason you cannot complete your assignment on tor@act your tutor
before the assignment is due, to discuss the pligsibf extension.
Extension will not be granted after the deadlin@less there are
exceptional cases.

FINAL EXAMINATION AND GRADING

The final examination for ESM 407 will be of 2 hewturation and have
a value of 70% of the total course grade. The ematimn will consist of

guestions which reflect the self-assessment exei@msl tutor-marked
assignments that you have previously encounteredthérmore, all

areas of the course will be examined. It is alstiebg¢o use the time
between finishing the last unit and sitting for #seamination, to revise
the entire course. You might find it useful to ewiyour TMAs and

comment on them before the examination. The firah@nation covers
information from all parts of the course.

COURSE MARKING SCHEME
Table 1 shows the course marking scheme.

Table 1. Course Marking Scheme

Assessment Marks

Tutor-Marked 30% of overall course marks
Assignments (TMAS)

Final Examination 70% of overall course marks
Total 100% of Course Marks

HOW TO GET THE MOST FROM THIS COURSE

In distance learning, the study units replace thigassity lecturer. This
is one of the huge advantages of distance leammiode; you can read
and work through specially designed study mateaalgour own pace
and at a time and place that suit you best. Thinkas reading from the

iX
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teacher, the study guide tells you what to readgwto read and the
relevant texts to consult. You are provided exexist appropriate
points, just as a lecturer might give you an irsslaxercise.

Each of the study units follows a common formate Tinst item is an

introduction to the subject matter of the unit d&oav a particular unit is
integrated with the other units and the course whale. Next to this is

a set of learning objectives. These learning ohjestare meant to guide
your studies. The moment a unit is finished, yousimgo back and
check whether you have achieved the objectivegolf inculcate this

habit, then you will significantly improve your am@es of passing the
course. The main content of the units also guides through the

required reading from other sources. This will lisube either from a

textbook or from other sources.

Self-assessment exercises are provided throughwutunit, to aid
personal studies. Working through these self-teg@ts help you to

achieve the objectives of the unit and also prepatefor tutor-marked
assignments and examinations. You should attengbt salf-test as you
encounter them in the units.

Read this Cour se Guide thoroughly

Organise a study schedule. Refer to the courseviewerfor more

details. Note the time you are expected to spendam unit and how
the assignment relates to the units. Importantildetag. details of your
tutorials and the date of the first day of the sstereare available. You
need to gather all these information in one plamhss a diary, a wall
chart calendar or an organiser. Whatever method glmaose, you
should decide on and write in your own dates forking on each unit.

Once you have created your own study scheduleyekything you can
to stick to it. The major reason students failnattthey get behind with
their course works. If you get into difficultiestiwiyour schedule, please
let your tutor know before it is too late for help.

Turn to Unit 1 and read the introduction and thgdlives for the unit.

Assemble the study materials. Information abouttwta need for a
unit is given in the contents at the beginning athe unit. You will
almost always need both the study unit you are ingrkn and one of
the materials recommended for further reading, @ur ylesk at the same
time.
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Work through the unit, the content of the unitlité&s been arranged to
provide a sequence for you to follow. As you wdrkough the unit, you
will be encouraged to read from your set books.

Keep in mind that you will learn a lot by doing gibur assignments
carefully. They have been designed to help you rteebbjectives of
the course and will help you pass the examination.

Review the objectives of each study unit to confitimat you have
achieved them. If you are not certain about anghefobjectives, review
the study material and consult your tutor.

When you are confident that you have achieved 8sunbjectives, you
can start on the next unit. Proceed unit by umdugh the course and try
to pace your study so that you can keep yoursetichedule.

When you have submitted an assignment to your fetomarking, do
not wait for its return before starting on the nexit. Keep to your
schedule. When the assignment is returned, paycplan attention to
your tutor’'s comments, both on the tutor-markedgamssent form and
also the written on the assignment. Consult yodortias soon as
possible if you have any questions or problems.

After completing the last unit, review the coursel grepare yourself
for the final examination. Check that you have agbd the unit
objectives (listed at the beginning of each umit) ¢he course objectives
(listed in this course guide).

FACILITATORSTUTORSAND TUTORIALS

There are 8 hours of tutorials provided in supmdrthis course. You
will be notified of the dates, time and locatioryéther with the name
and phone number of your tutor as soon as you lleated a tutorial

group.

Your tutor will mark and comment on your assignnsemieep a close
watch on your progress and on any difficulties yaight encounter and
provide assistance to you during the course. Yawlshmail your tutor-
marked assignment to your tutor well before the daee. At least two
working days are required for this purpose. Thelylva marked by your
tutor and returned to you as soon as possible.

Do not hesitate to contact your tutor by telephaeail or discussion

board if you need help. The following might be amstances in which
you would find help necessary.

Xi
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Contact your tutor if you:

o do not understand any part of the study units er aksigned
reading

o have difficulty with the self-tests or exercises.

. have questions or problems with an assignment, yuatlr tutor’s
comments on any assignment or with the grading of a
assignment.

You should try your best to attend the tutorialkisTis the only chance
to have face to face contact with your tutor arld@gestions which are
answered instantly. You can raise any problem emeoed in the
course of your study. To gain the maximum benebiT the course
tutorials, prepare a question list before attendivegn. You will learn a
lot from participating in discussion actively. GOODCK!

Xii
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MODULE 1 INTRODUCTION TO GIS

Unit 1 Overview of GIS

Unit 2 Definitions of GIS

Unit 3 History of GIS Development

Unit 4 Understanding Geographical Data
Unit 5 GIS versus Allied Technologies

UNIT1 OVERVIEW
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Overview of GIS
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0  References/Further Reading

1.0 INTRODUCTION

This course is basically aimed at introducing youhte science, art and
technology of Geographic Information Systems (GISpme of the
basic concepts, components, functions and apmicadf GIS will be
introduced to you in this unit.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

o describe Geographic Information Systems
o analyse the roles of science, art and technologéengraphic
Information Systems.

3.0 MAIN CONTENT

3.1 Overview of GIS

Since its inception in the early 1960s, Geographicdormation
Systems (GIS), as we know it today, has been gy leaps and
bounds. Originally developed by geographers, GIS bacome a
powerful tool useful to all and sundry who handleogpatial data.
Traditionally, we have long used maps as a methodtaring and

1
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disseminating spatial data as well as exploring éagh and locating
natural and cultural resources. In fact, the osgm GIS are rooted as
far back as several millennia ago, when the earfn mdrew cave

paintings of the animals they hunted along withderumaps depicting
migration trails. While the cave paintings only uaty resemble today’s
advanced geographic information systems, they conte same basic
data as modern systems namely, geographic datadlimkth spatially

dependent attributes (descriptive) information.

Modern geographic information system is a compbésed information
system used to digitally represent and analysegdugraphic features
and events on the Earth' surface and the non-tpdétidutes linked to
the geography under study. This way, the GIS hasent itself as a
robust and reliable technology for managing spatiata and as a
decision support tool. Indeed GIS is rather revohising the way we
collect, store, visualise, analyse and use geogralptiata.

Owing to its versatility, many disciplines can bindrom GIS
technology. An active GIS market has resulted iwelo costs and
continual improvements in the hardware and softwamponents of
GIS. These developments will, in turn, result imach wider use of the
technology throughout science, government, busjnassl industry,
with applications including real estate, public Ilgacrime mapping,
national defense, sustainable development, natesalurces, landscape
architecture, archaeology, regional and communityanmng,
transportation and logistics. GIS is also divergintp location-based
services (LBS). LBS allows GPS enabled mobile des/to display their
locations in relation to fixed assets (nearestargsint, gas station, fire
hydrant), mobile assets (friends, children, poleg) or to relay their
position back to a central server for display dreotprocessing. These
services continue to develop with the increasedgnation of Global
Positioning System (GPS) functionality with increaty powerful
mobile electronics (cell phones, PDAs, laptops)pted with Web-
enabled operations.

4.0 CONCLUSION

GIS is a relatively new technology, at least witthie Nigerian context.
You should, therefore, be ready to learn some nemnihologies,
concepts and methods of managing spatial data icomputer
environment. Importantly, you should pay particudtention to the
peculiarities and potentialities and, hence, pcattapplications of the
powerful GIS technology.
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5.0 SUMMARY

In this unit, we have discussed the origin of GiSmeaning and effects
in information system. We also learnt that an &twlS market has
resulted in lower costs and continual improveméntkhe hardware and
software components of GIS. These developmentshasn result in a
much wider use of the technology throughout sciemgm/ernment,
business, and industry, with applications includnegl estate, public
health, crime mapping, national defence, sustagaddvelopment,
natural resources, landscape architecture, arab@golregional and
community planning, transportation and logistics.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain how advent of GIS is revolutionising datallection,
storage and analysis.

7.0 REFERENCES/FURTHER READING
Bolstad, P. (2005).GIS Fundamentals: A First Text on Geographic
Information Systems(2nd ed.). White Bear Lake, MN: Eider

Press.

Chang, K. (2006)Iintroduction to Geographic Information Systerf&d
ed.). Boston: McGraw Hill Higher Education.

Clarke, K. C. (1995).Getting Started with Geographic Information
Systems(3rd ed.) New Jersey: Prentice Hall.

Uluocha, N. O. (2007)Elements of Geographic Information Systems
Lagos: Sam Iroanusi Publications.

http://www.gisdevelopment.net/tutorials/tuman00& ht (Accessed
23/12/10).
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UNIT 2 DEFINITIONS OF GIS
CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1 Definitions of GIS
3.2 Essential Features of GIS
3.3 Questions GIS can Answer
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

There are several definitions of GIS in existehd@wever, none of such
definitions is universally accepted. It is diffitub agree on a single
definition for GIS for the simple reason that vasdkinds of GIS exist,
each made for different purposes and for differgpes of decision
making. As we will see shortly in the range of deions presented
below, people offer definitions of GIS with differe emphasis on
various aspects of GIS.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

o define GIS
o highlight the essential features of GIS
o outline some of the spatial questions that GlSazzswer easily.

3.0 MAIN CONTENT
3.1 Definitions of GIS

Geographic Information System (GIS) has been ddfinevarious ways
by different authorities. A typical GIS can be urgleod by looking at
its various definitions. In this section, we prasdifferent definitions
(or descriptions) of GIS that have been offereghégple.

Burrough (1986) defines GIS as a "set of toolsdoliecting, storing,
retrieving at will, transforming and displaying siphdata from the real
world for a particular set of purposes".
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In his own definition, Arnoff (1989) defines GIS & computer based
system that provides four sets of capabilities andbe geo-referenced
data: data input, data management (data storage ratigeval),
manipulation and analysis, and data output.”

“ A geographic information system (GIS) is a compi@sed tool for

mapping and analysing things that exist and evhaishappen on earth.
GIS technology integrates common database opesasanh as query
and statistical analysis with the unique visuaisatand geographic
analysis benefits offered by map&3R| 1990.

". . . The purpose of a traditional GIS is firstdaforemost spatial

analysis. Therefore, capabilities may have limigata capture and
cartographic output. Capabilities of analyses @ibycsupport decision

making for specific projects and/or limited geodrapareas. The map
data-base characteristics (accuracy, continuityppdeteness, etc.) are
typically appropriate for small-scale map outpuector and raster data
interfaces may be available. However, topology ssally the sole

underlying data structure for spatial analysestixibld, 1991 p27).

"A geographic information system is a facility fmreparing, presenting,
and interpreting facts that pertain to the surfat¢he earth. This is a
broad definition . . . a considerably narrower diifon, however, is
more often employed. In common parlance, a geograpformation

system or GIS is a configuration of computer hamdwand software
specifically designed for the acquisition, maintectes and use of
cartographic data." (Tomlin, 1990 p xi).

"A geographic information system (GIS) is an infation system that is
designed to work with data referenced by spatial geographic
coordinates. In other words, a GIS is both a dambsystem with
specific capabilities for spatially-reference dats, well as a set of
operations for working with data . . . In a sers&|S may be thought of
as a higher-order map." (Star and Estes, 199@-3p.

A GIS is "an organised collection of computer haadsy software,
geographic data, and personnel designed to effigieapture, store,
update, manipulate, analyse, and display all foohgeographically
referenced information." (ESRI, 1990, pp. 1-2).

“A Geographic Information System (GIS) is a colient of computer
hardware, software and geographic data used toyshand display
geographically referenced information” (URL1).

“A GIS is a computer system capable of capturstgring, analysing,
and displaying geographically referenced infornmatichat is, data



ESM 407 GEOGRAPHIC INFORMATION SYSTEMS

identified according to location. (Some GIS) praatiers also define a
GIS as including the procedures, operating perdoamel spatial data
that go into the system” (URL2).

“In the strictest sense, a GIS is a computer syst&pable of
assembling, storing, manipulating, and displayingogyaphically
referenced information, i.e. data identified acaogdto their locations.
GIS practitioners also regard the total GIS asuiiclg operating
personnel and the data that go into the system'L@Q)R

“GIS is an integrated system of computer hardwaadtware, and
trained personnel linking topographic, demographitlity, facility,
image and other resource data that is geographiaatierenced”
(URL3).

A list of additional definitions of GIS can be fadinn Longleyet al

(2001). By way of summary, GIS can be considerebdet@a computer-
based system comprising hardware, software, gebwally-referenced
data, personnel and procedures put together forirtpat, storage,
retrieval, analysis, manipulation, query, updated aoutput of
geographical data.

3.2 Essential Features of GIS

From the foregoing, it is obvious that a geographformation system

(GIS) is a computer-based tool that combines thsuali appeal of
conventional maps with database operations andtstat analysis. It is

used for mapping and analysing things that exist happen on the
surface of the Earth by classifying the informatioto "layers", making

it easy for users to distinguish each element seéplgr The speed and
accuracy of a GIS provide an invaluable serviceoriganisations, by
explaining events, predicting outcomes and planriutigre strategies.
Irrespective of the definition one is giving or ating, it must be

realised that GIS is a peculiar technology with ¢issential features of
spatial references and data analysis. Hence, ubgpswer of GIS lies in
its ability to integrate information and to help mmaking decisions. A
GIS integrates hardware, software, and data fotucayg, managing,

analysing, and displaying all forms of geographycateferenced

information. GIS allows us to view, understand, sjiom, interpret, and
visualise data in many ways that reveal relatiggshipatterns, and
trends in the form of maps, globes, reports, araitsh

GIS is a technological field that incorporates gapgical features with
tabular data in order to map, analyse, and asses$world

problems. The key word to this technology is Geplya— this means
that the data (or at least some portion of the)datapatial, in other
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words, data that is in some way referenced to ioeat on the
earth. Attribute data can be generally definedddti@nal information
about each of the spatial features. An exampléisfwould be schools.
The actual location of the schools is the spatathdAdditional data
such as the school name, level of education taughbtent capacity
would make up the attribute data. It is the pasghgr of these two data
types that enables GIS to be such an effective l@gmolsolving tool
through spatial analysis. GIS operates on manyde@n the most basic
level, GIS is used as computer cartography, i.eppimg. The real
power in GIS is through using spatial and sta@étioethods to analyse
attribute and geographic information. The end testithe analysis can
be derivative information, interpolated informatioar prioritised
information.

A GIS is an information system designed to workhwdata referenced
by spatial/geographical coordinates. In other wor@$S is both a

database system with specific capabilities foriapptreferenced data as
well as a set of operations for working with theaddt may also be
considered as a higher order map. GIS technologpgiates common
database operations such as query and statistiedlseés with the

unique visualisation and geographic analysis beneffered by maps.
These abilities distinguish GIS from other inforroat systems and
make it valuable to a wide range of public and geventerprises for
explaining events, predicting outcomes, and plagpmsitnategies (ESRI,
1990).

Many professionals, such as foresters, urban ptanm@&d geologists,
have recognised the importance of spatial dimessiororganising and
analysing information. Whether a discipline is cemed with the very
practical aspects of business, or is concerned wittely academic
research, geographic information system can inteda perspective,
which can provide valuable insights as:

. 70% of the information has geographic location ds i
denominator making spatial analysis an essentihl to

. Ability to assimilate divergent sources of datahbepatial and
non-spatial (attribute data).

o Visualisation impact.

J Analytical capability.

o Sharing of information.

In a nutshell, GIS is a special-purpose digitalabase in which a
common spatial coordinate system is the primarynaed reference. A
full-fledged, comprehensive GIS has dedicated ifees| or subsystems
for:
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o data input, from maps, aerial photos, satellitasyeys, and other
sources

o data storage, retrieval, and query

o data transformation, analysis, and modeling, incgdspatial
statistics

o data reporting, such as maps, reports, and plans.

3.3 Questions GIS can Answer

We can gain a deeper understanding of GIS by lgpkinthe type of
questions the technology can (or should be ablansyver. GIS can be
used to address concerns relating to location,itongdtrends, patterns,
modeling, spatial questions, as well as non-spgtialstions. Basically,
we can identify five broad types of questions thaophisticated GIS
can answer (URL4).

Location: Whatis at............. ?

This question seeks to find out what exists at @diquaar location. A
location can be described in many ways, using,efample, a place
name, post code, or geographic reference suchngsude/latitude or
xly.

Condition: Where is it.............7?

In this question, instead of seeking to identifyatviexists at a given
location, one may wish to find location(s) whereta@® conditions are
satisfied (e.g., all rentable 3-bed room apartmémta neighborhood,
sites suitable for the construction of a cemenustg, an unforested
section of at least 2000 square meters in sizéimit00 meters of road,
and with soils suitable for supporting buildings)

Trends: What has changed since..............?

This question involves seeking to know what hasgkd over a given
period of time, as well as the magnitude and sppa#tern of such a
change (e.g. change in land use or elevation awe) t

Patterns: What spatial patterns exist.............. ?

This question is more sophisticated. One might #s& question to
determine whether, for instance, landslides aretljn@xcurring near
streams. It might be just as important to know hoany anomalies are
there, those who do not fit the pattern and whéey tare located.
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Modeling: What if.................2

"What if..." questions are posed to determine whappeas, for
example, if a new road is added to a network aa tbxic substance
seeps into the local ground water supply. Answerihg type of
guestion requires both geographic and other infaoma(as well as
specific models). GIS permits spatial operations.

Non-spatial Questions

"What's the average number of people working aat&ssurveyors and
Agents in each location?" is a non-spatial questithe answer to which
does not require the stored value of latitude amgjitude; nor does it
describe where the places are in relation with eauher.

Spatial Questions

"How many people work with estate firms in the majdban centers of
Lagos metropolis?" OR "Which centre lie within 1@nkof each other?
", OR "What is the shortest route passing throuhithese centers".
These are spatial questions that can only be aesWwesing latitude and
longitude data and other information such as théiusa of earth.
Geographic Information Systems can answer such tiQuss

4.0 CONCLUSION

GIS is basically a computer-based system compridiegdware,

software, geographically-referenced data, people gvocedures
logically arranged to store, retrieve, manipulaealyse, update and
output data (as information), for decision makimgis way, GIS should
be rightly seen as a powerful decision supportesgqDSS).

5.0 SUMMARY

Modern computer-based GIS is both a database systdmspecific
capabilities for spatially referenced data as aselh set of operations for
working with the data. It may also be considerea &sgher order map.
GIS can be used to address concerns relating ttido¢ condition,
trends, patterns, modelling, spatial questionswali as non-spatial
guestions. GIS is a digital technology that combitiee visual appeal of
conventional maps with database operations andtgtat analysis.

6.0 TUTOR-MARKED ASSIGNMENT

1. According to three authorities, define GIS.
2. Highlight the essential features of GIS.
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3. Explain three types of question GIS can answer
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UNIT 3 HISTORY OF GIS DEVELOPMENT
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 History of GIS Development
3.2 Factors Aiding the Rise of GIS

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

Man has always used geographical information. Gaggcal features
and data gathering form part of our everyday livedeed, most of the
decisions we make on a daily basis are influengeddme aspects of
geography. Hence, one would be right to say theernlly speaking,
geographical information system is as old as mamsélif. However, in
this unit our focus is on modern geographical infation system. We
will briefly look at the emergence and growth ofSGas well as the
underlying factors.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

o trace the historical evolution of GIS
o highlight the factors responsible for the growthx86.

3.0 MAIN CONTENT
3.1 History of Development

It is commonly believed that the more sophisticatemtlern GIS can be
traced back to John Snow’s 1854 map of the didiohuof incidences
of cholera in 19th century London. While it is ordyfairly basic 2-

dimensional rendering, Snow’s map is a useful toalemonstrate the
data analysis possibilities of GIS. When viewedsolation, a list of

cholera cases suggests nothing as to the origtheobutbreak. When
that same data is translated into a GIS map, tlie t&kes on new
meaning, allowing the analyst to track down theéboeak to an infected
water pump (the Broad Street Pump) in the centie @éister. When the
pump’s handle was disconnected the outbreak wasirtated, giving

12
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the authorities the opportunity to curtail the @ral outbreak and save
lives.

While the basic elements of topography and thenstegk previously in
cartography, the John Snow map was unique, usimgpgraphic

methods not only to depict but also to analysetetssof geographically
dependent phenomena for the first time.

The early 20th century saw the development of ghibbgraphy, by
which maps were separated into layers. Computerdweaae
development led to general-purpose computer "mappapplications
by the early 1960s.

Work on GIS began in late 1950s. Canada was thaeepioin the
development of GIS as a result of innovations dgbiack to late 1950s
and early 1960s. Much of the credit for the eadyalopment of GIS
goes to Dr. Roger Tomlinson. The year 1962 sawdtweelopment of
the world's first true operational GIS in Ottawajt&io, Canada by the
Federal Department of Forestry and Rural Developgnigeveloped by
Tomlinson and his team, it was called the "Canadeodg&aphic
Information System" (CGIS) and was used to stonealyse, and
manipulate data collected for the Canada Land horgn(CLI) — an
effort to determine the land capability for ruraar@dda by mapping
information about soils, agriculture, recreationildiife, waterfowl,
forestry, and land use at a scale of 1:50,000. thagaclassification
factor was also added to permit analysis.

CGIS was the world's first such system and an invgmeent over
"mapping” applications as it provided capabilitiger overlay,
measurement, and digitising/scanning. It suppcatedtional coordinate
system that spanned the North American continented lines as "arcs"
having a true embedded topology, and it storedhttrdute and location
information in separate files. As a result of tlismlinson has become
known as the "father of GIS," particularly for hise of overlays in
promoting the spatial analysis of convergent geuga data. CGIS
lasted into the 1990s and built a large digitadlaesource database in
Canada. It was developed as a mainframe compusedbaystem in
support of federal and provincial resource planr@and management. Its
strength was continent-wide analysis of complexasits. The CGIS,
however, was never available in a commercial form.

In 1964, Howard T. Fisher formed the Laboratory fGomputer
Graphics and Spatial Analysis at the Harvard Greed8ahool of Design
(LCGSA 1965-1991), where a number of important tedoal concepts
in spatial data handling were developed, and whiglthe 1970s had
distributed seminal software code and systems, aghSYMAP',

13
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'‘GRID', and 'ODYSSEY' - which served as literal andpirational
sources for subsequent commercial development -urtiversities,
research centers, and corporations worldwide.

By the early 1980s, M&S Computing (later IntergrapBnvironmental
Systems Research Institute (ESRI), CARIS (Compatided Resource
Information System) and ERDAS emerged as commex@abiors of
GIS software, successfully incorporating many o BGIS features,
combining the first generation approach to sepamabtf spatial and
attribute information with a second generation apph to organising
attribute data into database structures. In pdrdie development of
two public domain systems began in the late 19h0dsearly 1980s. The
Map Overlay and Statistical System (MOSS) projeatted in 1977 in
Fort Collins, Colorado under the auspices of thesé@& Energy and
Land Use Team (WELUT) and the U.S. Fish and WidIBervice.
GRASS GIS was begun in 1982 by the U.S. Army Coffdsngineering
Research Laboratory (USA-CERL) in Champaign, liisn@ branch of
the U.S. Army Corps of Engineers to meet the ndadeoU.S. military
for software for land management and environmepitaining.

The later 1980s and 1990s industry growth werersduon by the
growing use of GIS on Unix workstations and thespaal computer.
By the end of the 20th century, the rapid growtlvanious systems had
been consolidated and standardised on relatively giatforms, and
users were beginning to export the concept of \ngvk1S data over the
Internet, requiring data format and transfer statslaMore recently, a
growing number of free, open source GIS packagesorua range of
operating systems and can be customised to perfpacific tasks.
Increasingly geospatial data and mapping applinatiare being made
available via the World Wide Web.

Computerised mapping and spatial analysis have dreloped
simultaneously in several related fields. The pmese&tus of GIS would
not have been achieved without close interactidwéen various fields
such as utility networks, cadastral mapping, toppbic mapping,
thematic cartography, surveying and photogrammeémote sensing,
image processing, computer science, rural and ugdtanning, earth
science, and geography.

14
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3.2 Factors Aiding the Rise of GIS

Certain developments over the centuries have baenulatively
instrumental to the emergence and subsequent groitthe GIS
technology. Such factors include:

o Revolution in Information Technology
o] Computer Technology
o] Remote Sensing
0 Global Positioning System
o Communication technology
. Rapidly declining cost of computer hardware, andhat same
time, exponential growth of operational speed ahpaters
. Enhanced functionality of software and their usesrdliness
J Visualising impact of GIS corroborating the Chingseverb "a

picture is worth a thousand words."
4.0 CONCLUSION

The management of geographical data has a longriahdhistory.
Modern sophisticated computer-based GIS, is a ivelsgt new
innovation. Nonetheless, since its formal inceptiothe early 1960s the
GIS industry has been growing by leaps and bouAAdgancements in
the field of GIS have been taking place faster thaticipated. The
technology is steadily making great inroads intdudlly every facet of
human endeavour.

5.0 SUMMARY

Present day GIS technology made its debut in thersehalf of the 20
century. Over the years, this technology has baaressing tremendous
transformations in hardware and software engingeas well as in the
manner in which geospatial data are acquired, psmk and used.
Basically, GIS is a contemporary technology foritdigy handling the
data acquisition, manipulation and analytical opers commonly
associated with traditional geography. This tecbgpl has been
experiencing unprecedented growth, which is engmda by
developments in allied fields (especially ICT) a®llwas the new
impetus given to information (particularly geo-nmefieced information)
as a key infrastructure for sustainable socio-egboaevelopment and
environmental management.

6.0 TUTOR-MARKED ASSIGNMENT

1. Highlight and discuss factors responsible for trangh of GIS.
2. Trace the history of modern geographic informaggstem.
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UNIT 4 UNDERSTANDING GEOGRAPHICAL DATA
CONTENTS
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3.1 What is Geographical Data?
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6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

GIS is used to manage data. In fact, the ultimaserce of using a GIS
is to provide the user with information that canused to make sound
decision and solve some real-world problems. Butecmncern here is
primarily with geographical data or geographicdbrmation. Hence, to

properly understand and appreciate the working&I& and how it is

used to handle data, there is need for us todostprehend the nature
and importance of that data.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

define geographical data

explain the nature/characteristics of geograpliatéh
identify the types/classes of geographical data
highlight the value of geographical data.

3.0 MAIN CONTENT
3.1 What is Geographical Data?

Geographical data (also known as spatial data)beadefined as any
data that has location or positional identity witispect to the surface of
the earth. In other words, geographical data guesome information
about a geographical object or event. Simply puweagraphical object
or feature is anything, anywhere. Anything thasexbn or in relation to
the Earth’s surface is a geographical object; sirlyij any event that
takes place on or in relation to the Earth’'s sw@fée a geographical
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event. So, facts and figures that help us to ifiettie location and other
spatial dimensions of any geographical phenomenmengaographical
data.

3.2 Characteristics of Geographical Features

Geographical features have some characteristicschwhhe GIS
technology uses to manipulate geographical datae Trhajor
characteristics are:

o Location: Every geographical phenomenon has a itotabr
positional identity which can be used to know elyaathere it is
on or in relation to the surface of the earth. Télative location
of an object can be defined using geographical dinates
(latitude and longitude) or some other form of posi
identification.

o Size: There is a great variety in the magnitudgedgraphical
phenomena. Some are comparably small in size eegs,t
boreholes, etc., while some are quite gigantic enguntains,
oceans, settlements, etc.

o Dimensions: Every geographical feature has somenge®
dimension(s). Hence each feature can be identdied point,
linear, areal, or volumetric feature. (See the-sedtion on
types/classes of geographical objects).

o Shape: Geographical objects have shape. Naturaurésa
commonly have irregular shapes while most of then-made
features have regular shapes.

. Distributed: Geographical phenomena are distribotegt space.
Some features are highly dispersed while some hrgteced
together. Similarly, while some features, espegiatiatural
features, are more randomly distributed, some sthespecially
man-made features, tend to be more evenly or rdgula
distributed. Some geographical objects are consitdo be
discrete in their distribution; they are not fouederywhere,
instead they exist at distinct locations e.g. biops boreholes,
lakes, etc. On the other hand, some other geograpfaatures
are ubiquitous in their distribution; they covervast area at
varying degrees, e.g. population, temperaturefathisoil, etc.

o Relationship: No geographical feature exists inlaison; in
various ways and degrees, they relate and intesgitt one
another. A geographical feature can be locatedectosor far
away from another feature. Also a feature can lbatéd to the
north, east, south, or west of another; just asutd be on the left
or right side of another feature. Features couldabgmcent to
each other; they could also be contiguous to on¢hanin which
case they share common boundaries; they can alswidudy
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separated. Similar features could intersect, jsstorae feature
could lie completely inside another feature. Theatisp
relationships mentioned above are the key to alb-Bdsed
analysis.

3.3 Types/Classes of Geographical Features

There is a wide range of geographical features xistence.
Traditionally, however, all geographical features grouped into four
namely, point, linear, areal (polygon), and voluneefeatures. This
grouping is done based on the geometric dimengibtie features:

o Point features: These are features that exist atngle spot
without appreciable length and breadth. Hence,tdeatures are
considered to be zero dimensional (0-dimensionaD-@) in
nature. Examples include boreholes, bus stops, triekc
transformers, etc.

o Line or linear features: They are considered to duee
dimensional (1-dimensional or 1-D) in nature; ithe length of
such features that is usually taken into accoumantples are
roads, rivers, railways, etc.

. Areal or polygonal features: These are feature$ dlcaupy a
considerably large expanse of space. Both the heaigtl breadth
dimensions of such features are usually considenedheir
measurement; hence they are treated as two dinmahs{@-
dimensional or 2-D) features. Examples are lakasnlands,
local government areas, etc.

o Volumetric features: these are three dimensioBalifhensional
or 3-D) features. Their length, breadth and heifdepth, or
quantity as the case may be) are usually meastheainples
include mountains, population, vehicular traffindaair mass.

3.4 The Value of Geographical Data

About 80% or more of the data man uses on a dasysks geographical
in nature. In other words, the decisions and astiee take daily are
largely based on information that has geograplaoatent. This should
not really be quite surprising, especially when nealise that virtually
every activity of man takes place in geographigalce. Geographical
data or information helps us to understand ourrenment and, hence,
to exploit the available resources in the most pctige, sustainable and
beneficial manner. More so, geographical infornratenables us to
navigate our environment in an intelligent way. &tans relating to the
spatial location, distribution, relationship andcessibility of various
phenomena are best answered using geographicamiation. In other
words, geographical knowledge helps us erase mtagnorance by
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affording us the opportunity of identifying everasd features within a
spatial frame. Geographical features and data ibasgrthem are part of
our everyday lives. Most of our daily decisions srtuenced by some
aspect of geography.

4.0 CONCLUSION

GIS makes use of geo-referenced data to functionuAderstanding of
the peculiar nature of geographical data, therefisreritical to proper

handling of the data in a GIS environment. Befaneeeng a piece of
geo-data into a GIS environment, the type or ctdgbe data has to be
defined; similarly, the type of analysis it woule lnsed for has to be
known. Unless a piece of data is given a geographdentity in a GIS

environment it will be almost impossible to procéss data to yield the
desired result. It therefore behoves a potentiar usf the GIS

technology to sufficiently understand the true matof geographical

data; this will help the user in knowing how to tenthe data in GIS.

5.0 SUMMARY

Geographical data are facts about geographicalrest A geographical
feature is anything anywhere. Geographical featooesgd be classified
as point, line, areal, or volumetric. The locatioggometric and
relational facts, figures, or statistics relatinggeographical features are
captured and communicated as geographical data.gr&®ucal
data/information is quite essential to the everyié#siligent functioning
and decision-making of man.

6.0 TUTOR-MARKED ASSIGNMENT

1. Briefly identify classes of geographical data
2. Explain the nature/characteristics of geolieal data.
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1.0 INTRODUCTION

There are so many terms and technologies thatetaged to GIS. The
use of many acronyms, synonyms, and terms withe@laneaning to
GIS can actually cause some confusion. This urtihesefore aimed at
assisting you to know some of the various terms tactinologies that
are allied to GIS and to know the similarities aigkimilarities between
GIS and those other technologies.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

o highlight some acronyms, synonyms and terms relkat€sl S
. identify some information technologies that arated to GIS
o differentiate between GIS and other related teagiek.

3.0 MAIN CONTENT

3.1 Related Terms: Acronyms, Synonyms, and More

As noted earlier, one reason it can be difficultaigree on a single
definition for GIS is that various kinds of GIS sfi each made for
different purposes and for different types of diecianaking. A variety

of names have been applied to different types & Bldistinguish their
functions and roles.
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Some of the most widely used related terms include:

o AGIS (Automated Geographic Information System)

o AM/FM (Automated Mapping and Facilities Management)
AM/FM is designed specifically for infrastructureamagement.
Automated mapping by itself allows storage and malation of
map information. AM/FM systems add the ability ittkl stores of
information about the features mapped. However, AWis not
used for spatial analysis, and it lacks the topcklgdata
structures of GIS.

o CAD (Computer-Assisted Drafting): These systems ewer

designed for drafting and design. They handle spatata as

graphics rather than as information. While they peoduce high-
quality maps, generally they are less able to perfoomplex
spatial analyses.

CAM (Computer-Assisted Mapping, or Manufacturing).

Computerised GIS.

Environmental Information System.

GIS (Geographic Information System).

Geographically Referenced Information System.

Geo-Information System.

Image-Based Information System.

LIS (Land Information System).

Land Management System.

Land Record System.

Land Resources Information System.

Multipurpose Cadastre.

Multipurpose Geographic Data System.

Multipurpose Land Record System.

Natural Resources Inventory System.

Natural Resources Management Information System.

Planning Information System.

Resource Information System.

Spatial Data Handling System.

Spatial Database.

Spatial Information System.

3.2 GIS and Related Systems

There are some systems that are similar in bothtifum and name to
GIS. Nevertheless such systems are not really gpbgr information
systems as defined above. Broadly, these similstesys do not share
GIS's ability to perform complex analysis. Comptagied Drafting
(CAD) systems, for example, are sometimes confusitld GIS. Not
long ago, a major distinction existed between Gif €AD, but their
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differences are beginning to disappear. CAD systamsused mainly
for the precise drafting required by engineers arahitects; they are
also capable of producing maps though not desidgoethat purpose.
However, CAD originally lacked coordinate systemsdadid not
provide for map projections. Also, initially CAD stems were not
linked to data bases, an essential feature of Glfese features have
been added to recent CAD systems, but geograpluicmation systems
still offer a richer array of geographic functions.

Uluocha (2007) has identified the similarities atitferences between
GIS and CAD. Such similarities and differences Wwéldiscussed thus.

Similarities between GIS and CAD

1.

2.

Both systems have similar requirements for capgistoring and
displaying graphic images interactively.

Interactive commands for entering lines or symbaisl for
editing, moving, modifying and deleting features aequired for
both applications.

Existing (analogue) maps (in the case of GIS) aradvohgs (in
the case of CAD), must be digitised.

Both applications require capabilities for openasiosuch as
annotation, labelling, calculation of length, dista and area.
Both types of systems require similar computer ware devices
such as processor, disk, tape, workstation, degitigcanner, and
plotter.

Both have requirements for the linking of attribdtga with their
graphic entities.

Differences between GIS and CAD

1.

24

GIS makes use of maps ranging from large to smzdles
whereas engineering drawings used in CAD applinatsually
have very large scales.

GIS applications unlike their CAD counterpart, getlg require
complex and large volume of attribute data.

GIS operations involve complex geographic analysisd
modelling of geographic features, CAD applicatiatesal with
sophisticated engineering calculations and modglliof
engineering structures.

GIS makes use of standard map projections while @aBs not.
Simple local plane coordinates are wusually enougin f
engineering drawings.
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5. GIS has powerful facilities for numerous attribdtga processing
operations; CAD, on the other hand, has limitedribatte
processing capabilities.

6. GIS handles many spatial features such as soiletaégn,
elevation, boundaries, population and infrastruadttacilities like
roads, sewers, electricity, water, and so on; dsed eovers a
wide geographic area like city, local governmetrdtes country
or even the entire earth. On the other hand, CAplieations
deal with a specific or single project like the Ewgring design
of a road segment, water or sewer line, electmaahg, and so
on. Such designs are usually done at a very lacgée hence
they cover very small geographic area.

7. GIS applications use topological data structure atlaws for the
geographic analysis of the data based on the spalkiionships
among map elements. CAD applications do not reqare
topological data structure.

8. A GIS can be used to perform geographic analytasits such as
polygon overlay analysis, network tracing and nogitibuffering
and delineation of service area, district, ecolamone, and so
on. A CAD on the other hand, is used for carryiogt
engineering analysis and calculation functions.

9. GIS is usually used for constant updating of magtuiees, which
are known to change frequently. On the other handjneering
drawings (and structures) hardly change. HoweWea, major
change should occur which may necessitate altehagoriginal
concept or structure, an entirely new drawing isdpced rather
than updating the original drawing.

4.0 CONCLUSION

There are many digital data processing systemsus&geo-referenced
data. However, it is not every computer-based systeat utilises

geospatial data that can be considered to be aagugal information

system. There are notable similarities as well ifferdnces between
GIS and some allied technologies. What distingutsh GIS system
from other information systems are its spatial gsial functions. The

analysis functions in GIS use the spatial and ngatial attributes in the
database to answer questions about the real world.

5.0 SUMMARY

GIS is used to manage spatial data. Other infoomatystems that can
be used to handle spatial data equally exist. Hewethere are clear
similarities and differences between GIS and oteéated information
systems. Unlike most other systems, a typical GI& combination of
database management system, mapping or graphitsmsysd geo-
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statistical processing/analysis; no other system lpaast of such a
robust combination. Moreover, whereas other systemes tailored
towards handling certain specific and limited tagke GIS technology
Is quite versatile, multifunctional and multipurgas nature.

6.0 TUTOR-MARKED ASSIGNMENT
1. Differentiate between GIS and other relatetinelogies.

2. Briefly discuss the relationship of other imf@tion technologies
with GIS.

7.0 REFERENCES/FURTHER READING
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MODULE2 COMPONENTSOF GIS

Unit 1 GIS Hardware
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Unit 5 GIS Method/Procedure

UNIT1 GISHARDWARE
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Computer
3.2 Input Devices
3.3 Storage Devices
3.4 Output Devices
3.5 Other Devices
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
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1.0 INTRODUCTION

There are many specialised hardware associated GiEhoperations.
Hardware comprises the physical electronic equigmeseded to
support the many activities of GIS ranging fromadapllection to data
analysis and output. In this unit, we will looktaé computer, data input

devices, data storage devices, data output devares,other related
hardware devices.

20 OBJECTIVES
At the end of this unit, you should be able to:

o identify the hardware components of a typical GIS
. discuss the functions of each of the hardware ésvic
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3.0 MAIN CONTENT
3.1 Computer

This consists of the computer system on which th® &bftware will
run. The computer forms the backbone of the Gl8vare. The central
piece of equipment is the workstation, which rums GIS software and
Is the attachment point for ancillary equipmente hoice of hardware
system ranges from 300MHz personal computers (R&shulti-user
supercomputers having capability in Tera FLOPS. Tdwnputer
contains the processor, which is used to managensamipulate the
database based on certain rules and commands.

3.2 Input Devices

The input devices are used to capture or enter idedathe computer.
There are two broad categories that are usuallydleenin a GIS
environment namely; spatial data and non-spatidtrilfate or
descriptive) data. The spatial data can be entatedhe computer with
the aid of a digitiser or a scanner. A digitiseri$lat electronic board
used for vectorisation of a given map objects.threowords, a digitiser
Is used for conversion of the drawings on an anaday hard copy map
to digital data. On the other hand, a scanner atsa® analogue image
or picture into a digital image for further process The image data
acquired via a scanner can be stored in many feregt TIFF, BMP,
JPG etc. The use of handheld field technology $® decoming an
important data collection tool in GIS. For instana&ata collection
efforts can also require the use of a Global Rositg System (GPS)
data logger to collect data in the field (Figurel)2.The attribute
(statistical or non-spatial data) used in GIS argekl into the computer
using the keyboard.

Fig. 21: A Trimble Handheld GPS
Receiver
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3.3 Storage Devices

The storage devices include various media suchpéisab hard disk,
magnetic tape, compact disc (CD), flash drive.

3.4 Output Devices

Output devices are used to obtain the hardcopyioreysof processed
data. Printers and plotters are the most commaoubdevices for a GIS
hardware setup. Presently, printers can only bd tsebtain print-outs
on paper as large as A3, whereas there are pldttatscan draft on
paper as large as AO.

3.5 Others

With the advent of Web-enabled GIS, Web servers ledso become an
important piece of equipment for GIS.

4.0 CONCLUSION

In a typical GIS environment various digital hardevaevices are used.
Some of the devices such as GPS, digitiser, anteplare rather
peculiar to GIS and similar systems, which handieggaphical data.
The capabilities of these devices can make or marsticcess of GIS
operations.

50 SUMMARY

The hardware components of GIS are the physica&ltrel@c devices
used in performing GIS operations. The hardwardcésvinclude the
CPU and allied accessories used in various datdlingrfunctions such
as data capture/entry, storage, manipulation, outgd distribution.
The devices are usually of varying capacities; hewveowing to the
characteristically voluminous and largely graphatune of geospatial
data, robust and high calibre devices are oftefe@bly required for
their handling. In a nutshell, the major hardwakated elements
essential for effective GIS operations could be mansed as follows
(Burrough, 1986):

o the presence of a processor with sufficient poveerun the
software

o sufficient memory for the storage of large voluroéslata

o a good quality, high-resolution colour graphicseser

o data input and output devices (for example, digiss scanners,

keyboard, printers and plotters).
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6.0 TUTOR-MARKED ASSIGNMENT

1. Identify the hardware components of a typical GIS.
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UNIT2 GISSOFTWARE
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 What is GIS Software?
3.2 Types of GIS Software
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
7.0  References/Further Reading

1.0 INTRODUCTION

In computing, the software is the component thatedrthe hardware
and data using certain methods and rules. Thereaareimber of
software packages that are used in GIS operati@iS. software
packages are designed to handle geographical dialsgata. In this
unit, you will learn about the nature as well gsety of GIS software.

20 OBJECTIVES
At the end of this unit, you should be able to:

. explain what GIS software is
o identify different types/makers of GIS software.

3.0 MAIN CONTENT
3.1 What isGIS Software?

Generally, software is a digital language compgsai set(s) of rules,
commands, algorithms or programs, logically andesyatically written
to perform certain tasks. The software elementsiathe user to input,
store, manage, transform, analyse and output tanood, Cornelius,
and Carver, 1998).

Basically, GIS software is a package of programksr or commands
used to perform certain GIS operations such asinpat, storage,
retrieval, editing, querying, analysis, manipulatiapdate, display and
output of geographic data, in a computer envirortnjgfuocha, 2007).
GIS software encompasses a broad range of applisatall of which
involve the use of some combination of digital mapd geo-referenced
data. In the main, GIS software provides the fumgiand tools needed
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to store, analyse, and display geographic informmatDifferent software
packages are important for GIS. Central to thithes GIS application
package. Such software is essential for creatidging and analysing
spatial and attributes data; therefore these pa&skagntain a myriad of
GIS functions inherent to them. Extensions or adsg-axe software that
extends the capabilities of the GIS software paek&pmponent GIS
software is the opposite of application softwaemponentGIS seeks
to build software applications that meet a spegficpose and thus are
limited in their spatial analysis capabilities. lties are stand-alone
programs that perform a specific function. For egbana file format
utility that converts from one type of GIS file &mother. There is also
Web GlSsoftware that helps serve data through Internewbers.

Typical GIS software consists of four distinct butterrelated
subsystems or modules. These are:

o Data input software subsystem (used for e.g. digdi or
scanning, checking, editing, topology building,)etc

. Data storage and retrieval software subsystem.

. Data manipulation and analysis software subsysterg. (for
querying, sorting or indexing, overlay operatiopsffer creation,
etc.)

o Data output software subsystem (e.g. for scregpiajispage set-

up formatting, hard copy generation, etc.)
3.2 Typesof GIS Software

Numerous GIS software packages are nowadays alaildiich cover
all sectors of geospatial data handling. Howevbg GIS software
systems can be sorted into different categoriest éxample, the
Wikipedia Web link listed in the references sectiof this unit).
Presented below is a list of some notable GIS so#wpackages. It
should be noted that some of the packages mentiareedlso used for
digital cartographic (map-making), CAD, and remstnsing (image
processing) operations. (For more details on Gfvaoe packages and
their manufacturers, see Uluocha, 2007).

o GRASS GIS: Originally developed by the U.S. Armyrs of
Engineers, open source: a complete GIS.

o SAGA GIS (System for Automated Geo-scientific Argady:
hybrid GIS software. SAGA has a unique Application
Programming Interface (API) and a fast growing eétgeo-
scientific methods, bundled in exchangeable Modibearies.

o Quantum GIS: QGIS is an Open Source GIS that rankimux,
UNIX, Mac OS X, and Windows.
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o Map Window GIS: Free, open source GIS desktop egtin
and programming component.

o ILWIS: ILWIS (Integrated Land and Water Informati@ystem)
integrates image, vector and thematic data.

o gvSIG: Open source GIS written in Java.

o JUMP GIS/OpenJUMP: (Open) Java Unified Mapping fBiat
(the desktop GIS OpenJUMP, SkyJUMP, deeJUMP andri§os
emerged from JUMP).

o Whitebox GAT: Open source and transparent GIS so#w

o Kalypso (software): Kalypso is an Open Source GJav4,
GML3) and focuses mainly on numerical simulationswater

management.

o TerraView: GIS desktop that handles vector anceratta stored
in a relational or geo-relational database, i.eframtend for
TerraLib.

o Capaware: Capaware is also an Open Source GlSicesdible

fast C++ 3D GIS Framework with multiple plug-in hitecture
for geographic graphical analysis and visualisation

o Falcon View: Falcon View is a mapping system creédig the
Georgia Tech Research Institute for the Windows ilfarof
operating systems. A free, open source versiouasadle.

. PostGIS: Spatial extensions for the open sourcagREsSQL
database, allowing geospatial queries.

o MySQL Spatial

. TerraLib is a spatial DBMS and also provides adeantinctions
for GIS analysis.

o Spatialite: Spatial extensions for the open sou&@Lite
database, allowing geospatial queries.

. GeoNetwork open source: A catalog application tonage
spatially referenced resources.

J Chameleon: Environments for building applicationsithw
MapServer.

o MapPoint, a technology ("MapPoint Web Service," viivasly
known as MapPoint .NET) and a specific softwaregpam
created by Microsoft that allows users to view} edid integrate
maps.

o Autodesk: Products include Map 3D, Topobase, Mag&uand
other products that interface with its flagship 8QAD software
package.

o Bentley Systems: Products include Bentley Map, Bgnt
PowerMap and other products that interface withflagship
MicroStation software package.

o ERDAS IMAGINE by ERDAS Inc; products include Leica
Photogrammetry Suite, ERDAS ER Mapper, and ERDASVEC
JPEG2000 SDK (ECW (file format) are used throughthe
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entire  mapping community (GIS, Remote Sensing,
Photogrammetry, and image compression).

ESRI: Products include ArcView 3.x, ArcGIS, ArcSD&CIMS,
ArcWeb services and ArcGIS Server.

Intergraph: Products include GeoMedia, GeoMedideRsional,
GeoMedia WebMap, and add-on products for industogas's, as
well as photogrammetry.

Mapinfo by Pitney Bowes: Products include Mapinfo
Professional and MapXtreme.

Smallworld: developed in Cambridge, England (Smaild;
Inc.) and purchased by General Electric and usédapity by
public utilities.

Cadcorp: Products include Cadcorp SIS, Geogno8B8S and
developer Kits.

Caliper: Products include Maptitude, TransModelend a
TransCAD.

ENVI: Utilised for image analysis, exploitation, dan
hyperspectral analysis.

Manifold System: GIS software package.

Netcad: Desktop and Web based GIS products dewtltye
Ulusal CAD ve GIS Cozumleri A.

Dragon/ips: Remote sensing software with some @[fbilities.
Field-Map : GIS tool designed for computer aidedldidata
collection, used mainly for mapping of forest esieyns.
VISIONLABS: Products - VISION Enterprise GIS Sugearlier
named VISION MapMaker, Complete 2D/3D mapping -
Installations in Indian Government and Defence.

Regio Graph by GfK GeoMarketing: GIS software fasimess
planning and analyses; company also provides cobiganaps
and market data.

IDRISI: GIS and Image Processing product develdmedlark
Labs at Clark University. Affordable and robust,stused for
both operations and education.

Boeing's Spatial Query Server spatially enablesaSgASE.

DB2: Allows spatial querying and storing of mostasal data

types.
Informix: Allows spatial querying and storing of stepatial data

types.

Microsoft SQL Server 2008: The latest player in tharket of
storing and querying spatial data. At this stagly some GIS
products such as Mapinfo and Cadcorp SIS can neaedit this
data while ESRI and others are expected to be tabtead and
edit this data within the next few months.

Oracle Spatial: Product allows users to perform @em
geographic operations and store common spatial tgp&s in a
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native Oracle environment. Most commercial GIS paes can
read and edit spatial data stored in this way.

o PostGIS: a spatial database based on the free re8Qb4
database

o Safe Software: Spatial ETL products including FMEsktop,
FME Server and the ArcGIS Data Interoperabilitydfdion.

o Mapnik: C++/Python library for rendering - used I©Qpen

StreetMap
J GeoServer.
. MapGuide Open Source : Web-based mapping server.

o MapServer. Web-based mapping server, developed Hey t
University of Minnesota.
o MapLarge: Web-based mapping server for large detase

Software Development Frameworks and Libraries (for Web
Applications)

. Open Layers: open source AJAX library for accesgi@ggraphic
data layers of all kinds, originally developed aspmbnsored by
MetaCarta.

J Map Fish.

. Geo Base (Telogis GIS software): Geospatial mappwofgvare
available as a Software development kit, which qren§ various
functions including address lookup, mapping, rayitineverse
geocoding, and navigation. Suited for high trarieaceénterprise
environments.

4.0 CONCLUSION

Not all that are called GIS software actually h#éive full range of GIS
functionalities. Whereas some packages are geparpbse in nature,
some others are thematic or dedicated to performsmge specific,
usually limited, tasks. Full-fledged GIS software eelatively few.

50 SUMMARY

The GIS technology runs on software — a set ofcllty related rules,
commands, algorithm and programs. Some of the softwlements are
designed to perform a single broad task while saneemulti-purpose
and multi-functional. The choice of software totalsand run on a GIS
platform, therefore, depends on the intended ussuoli a system. By
and large, care must be taken to select softwatddin conveniently
perform any of the four major tasks of GIS softwiaientified above.
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6.0 TUTOR-MARKED ASSIGNMENT
1. Identify six types of GIS software.
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1.0 INTRODUCTION

Datais the core of any GIS. There are two primary $ypedata that are
used in GIS namely, spatial (or geographic) dath aspatial (attribute
or descriptive) data. Documentation of GIS datagetsknown as
metadataMetadata contains such information as the coatdisystem,
when the data was created, when it was last updatedl created it and
how to contact them and definitions for any of tdoeled attribute data.
Geographic data and related tabular data can bectad in-house or
purchased from a commercial data provider. A Glbimtegrate spatial
data with other data resources and can even ugMSDused by most
organisation to maintain their data, to manageiapdata. This unit
aims at introducing both spatial and attributes.dat

20 OBJECTIVES
At the end of this unit, you should be able to:

o differentiate between spatial and aspatial typetatd
. explain the meaning of metadata
o analyse attribute data.

3.0 MAIN CONTENT

3.1 Spatial Data

Spatial data are used to graphically represent seadeworld features.
The features could be material (visible), e.g. rdadlding, water body;
or they could also be abstract (invisible) e.g.pphitical boundaries,

language, and temperature. Similarly, spatial databe obtained from
primary or secondary sources. The primary dateobtained first-hand
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by the user while secondary data are obtained fatneady existing
sources.

The digital map forms the basic data input for GThe map is an
abstraction or model of some aspect of reality.sAswn in Figure 2.2
and Table 2.1 geographical features are abstraatedfour spatial
entities namelypoint (0-dimensional),line (1-dimensional),area (2-
dimensional), andolume (3-dimensional). (See Unit 4 of Module 1). In
practice, however, the first three entities (poilme and area) are
commonly used.

Point features: o @ W £

Line features: /‘200—//(= HH

Area features: 7
Volume features: @ Q @

jo=g OgOA TH0RAOQ0AR® OO (G
OO0 =*HBOMm IXOOC@sm>wnz [JHUED

Table2.1: Geographical Feature Categories and Examples

Feature Catego Example:

Point Borehole, benchmark, bus stop

Line Road, river, railway, coastline

Area Farmland, lake, forest reserye,
boundanr

Volume Population, traffic, air mass.

Spatial data in GIS are usually held in a databAsgeodatabase is a
type of database that is in some way referencéattgions on the earth.
Geodatabases are grouped into two different typestor and raster.
Vector data is spatial data represented as pdints and polygons.

Raster data is cell-based data such as aerial inagd digital elevation

models. The vector and raster models are discussgrkater detail in

Unit 2, Module 4.

3.2 Agpatial (Attribute) Data

Geographic data is usually known as aspatial dbate data. Attribute
data is generally defined as additional informatabout each spatial
feature. An attribute data gives descriptive infation about some
aspect of a geographical entity. Every geographieature has some
attributes. For example, a person is a geograplobgdct located
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somewhere and occupying space. However, this pasmhas some
attributes with which they can be identified e.gme, age, complexion,
height, tribal/ethnic affiliation, religion, occugpan, educational level,
hobby, etc. Similarly, a school is a geographiaglitg having various
attributes such as name, address, year of estatdigh owner, facilities
available (e.g. classrooms, playground, libraryhofatory, weather
station, hostels), etc.

In a GIS environment, attribute data is usuallydsalin tabular format.

This tabular database related to the map objectsals® be attached or
linked to the digital spatial database (Figure .2.3)

JQ L

ULUOCHA ROAD

( 048 049 050 W
—— J( 037 038 039 J

| BALOGUN STREET

| j (\

| A parcel layout

| Parcel Attribute Table

I PARCEL_ID [ AREA [ OWNER ADDRESS STATUS | PERIMETER
(Y]

= B[ 037 691.32 | E. EZEKWE | 5, Balogun St. Vacant

Fig. 2.3: Linking a Geographic Filewith an Attribute Table
Source (Uluocha, 2007

4.0 CONCLUSION

To successfully implement GIS, data is a critideineent. Data is the
raw material that GIS processes to yield a higldyt sfter product
namely, information. In a sense, data is the eléntleat keeps the
engine of GIS running. However, care must alwaysaien to ensure
that the right data is fed into the system. Creat®iS databases could
be herculean task; yet once in place and routinptiated, the databases
are an invaluable asset to the users.

5.0 SUMMARY
Data is a major component of GIS. However, the tatze used for GIS

operations must be geographically or spatially resfeed. In other
words, operating GIS presupposes the availabilitya oreliable and
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comprehensive geospatial database coupled with carallg robust
attribute database. Without data the GIS cannotkw@ut before
entering any piece of spatial data into GIS it teelse properly classified
as either point, linear or areal data. Besidesathidbute database should
be properly linked with the spatial database.

6.0 TUTOR-MARKED ASSIGNMENT

1. Analyse spatial data.
2. Differentiate between spatial and attributeada
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1.0 INTRODUCTION

Effective development and use of the GIS technologguires the
involvement of a number of people performing défetr tasks. In a GIS
environment, the people are fittingly referred & the humanware or
liveware. Well-trained people knowledgeable in spatial gsial and
skilled in using GIS software are essential to Gk process. The
humanware coordinates and controls all the otherpoments of GIS.
GIS personnel range from technical specialists (wdesign and
maintain the system) to those who use it to hemtiperform their
everyday work. There are three factors to the lge@omponent:
education, career path, and networking. The righication is key;
taking the rightcombination of classeS$electing the right type of GIS
job is important. A person highly skilled in GISadysis should not seek
a job as a GIS developer if they have not taken the ssecg
programming classes. Finally, continuous networkimth other GIS
professionals is essential for the exchange ofsidgsawell as a support
community.

20 OBJECTIVES
At the end of this unit, you should be able to:

. identify the various groups of GIS personnel
o state the functions of GIS personnel.
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3.0 MAINCONTENT

3.1 Engineers(Hardware and Software)

This has to do with the crop of technical spedsliwho design and
maintain the system. They include the hardwareresggs who fashion
various GIS hardware such as the computers (CPdJpecessories like
visual display units (VDUs), digitisers, scannedisk drives, tape
drives, plotters, printers and other hardware camepts associated with
the GIS technology. On the other hand, GIS softwangineers

specialise in churning out computer programs andgnamming

languages containing a set of rules (or algorithfos)solving certain

spatially defined problems.

3.1 DataProviders

Data providers are those who collect and/or masketial/non-spatial
data for GIS operations. The data could be acquiredugh field

observation, land survey, GPS, aerial photograpkynote sensing
technique, socio-economic surveys, and so on. gefid, some of the
vendors of data that could be used in GIS projaptsthe Federal and
State Survey Departments; the National Space Rdseand

Development Agency (NASRDA); the Federal Office $fatistics

(FOS); the Nigerian Meteorological Agency (NIMET)private

surveying/mapping outfits; the Ministry of Enviroemnt; Geological

Surveys of Nigeria; the National Population CommisgNPC); Centre
for Satellite Technology Development, Abuja; NaabrCentre for

Remote Sensing, Jos; and so on.

3.2 Digitisers
These are the CAD/GIS operators whose work iseaterthe database;
they vectorise the map objects. In other wordsy thee basically

involved in data capturing, and conversion fromlagae to digital or
from binary to image and vector.

3.3 Programmersand Analysts

These are the GIS experts who use vectorised dapeerform query,
analysis or any other work. Their ultimate task ts generate
information useful for decision making.

3.4 Managers

The GIS managers undertake administrative functietessary for the
successful implementation of the GIS technologyam organisation.
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They also make useful decisions based on the &laieo-referenced
information.

4.0 CONCLUSION

A team of experts is usually required to succebsiuaktall and run a

GIS outfit. The quality of personnel involved iretimplementation of a
GIS project can make or mar the initiative. Hencencerted effort

should be made to ensure that the right calibrggecsonnel are used.
Personnel are the most valuable asset requirdteimiplementation of
any GIS programme.

50 SUMMARY

GIS personnel are those involved in the provisibthe hardware and
software, acquisition and handling of data, as wslldecision making
and implementation.

6.0 TUTOR-MARKED ASSIGNMENT

1. Identify and explain function of GIS personnel.
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1.0 INTRODUCTION

Every task follows some laid down procedure or méttand GIS tasks
are no exceptions. But the method of doing thingy wary from one
task to another and also from one organisatiomaaleer. In any case, it
Is always imperative to understand the peculiarhogetthat applies in
any given situation. Unless a good understandingthef working
procedure in an organisation is attained, implemgnGIS in that
organisation may as well be an exercise in futiltgnce, in this unit we
will examine the concept ahethod as an element of GIS.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

o underscore the need of understanding method oegure as a
major component of GIS

o highlight the need to link GIS procedure with thengral
business of the company.

3.0 MAINCONTENT

3.1 GISMethod/Procedure

Simply put, procedure or method has to do withwlags of getting a
job done in an organisation. But with particulaference to GIS,
method could be understood to include a well-designGIS

implementation plan in addition to business rulelsich are the models
and operating practices unique to each organisgButkley, URL).

Method may vary from one organisation to anothepemding on the
objectives as well asodus operandi of each individual organisation
(Uluocha, 2007). The way an estate surveyor/vamirld use the GIS
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facility, for instance, will differ from how a gemgist would use it —
since their goals and functions also differ.

The essence of adopting the GIS technology in aggrisation is to

assist the organisation to attain its goals. GlBosnally used to meet
the information need of an organisation, which istey crucial to

decision-making. But for GIS to successfully operatan organisation,
it has to be appropriately integrated into the hess strategy and
operations of that organisation. Thus, GIS shoeldfunctional part of
the entire method of data acquisition, input, sierasorting, indexing,
retrieval, analysis, output and updating, alonghwihe process of
decision-making.

GIS could be implemented to simply automate (fulypartially) the

methods of executing certain jobs, which hithererevmanually done.
This may not involve any major change in procedaxeept that the job
is now done digitally instead of manually. None#ssl, the adoption of
GIS in an organisation may necessitate a signifisaift in procedure,
which could see the organisation adopting someentnew methods of
executing some conventional jobs (Uluocha, 2009). iRstance, in a
GIS environment, there are various techniques dsednap creation
and further usage for any project. The map createom either be done
through automated raster-to-vector conversion otait be manually
vectorised on-screen using the scanned images.sbuee of these
digital maps can be either map prepared by anyesuagency or
satellite imagery. An organisation should be abledécide on which
suitable procedure of GIS operations to adopt.

Method or procedure is usually tied to the busireéshe company. This
means before recommending and implementing GISdanapany, the
various units of the establishment and the linkagesongst them
coupled with the operations/tasks that are camigdmust be properly
understood. In other words, the method of GIS dmeran a company
should be dependent on the components of the comtasks executed,
the type of data/information used, the patternnddrimation flow, the
information output (product) required, and the gahmodus operandi
of the company.

In discussing or determining the GIS procedureny arganisation the
following should be taken into consideration:

o the nature of the company’s business (what doesconepany
do?)

. spatial data requirements of the company; thathis,types of
geospatial data used by the company for its variactvity
modules
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o how the company collects, converts, stores, anadgsses its
spatial database

the pattern of information flow in the company

data accessibility policy of the company

geospatial data handling facilities available

the cartographic (map) and allied products (oudprgquired by
the company.

4.0 CONCLUSION

Before implementing a GIS in an organisation, thecpdure for the use
of the technology should be clearly defined in lingh the aim and
aspirations of the organisation. A successful Girates according to a
well-designed plan and business rules.

50 SUMMARY

Method or procedure is one of the five major congyas of GIS. It has

to do with the way data (i.e. geo-referenced dasapanaged and used
in an organisation, in a GIS environment. The psecaf data handling
varies from one organisation to another. It isyef@e, important that

before introducing GIS into the business of an piggtion, its general

modus operandi, spatial data needs, method of data processintgrpat
of information flow, and the use of geo-information the decision-

making process must all be properly understoodiacmrporated in the

GIS implementation programme.

6.0 TUTOR-MARKED ASSIGNMENT

1. Understanding method or procedure is a magmmponent of
GIS. Discuss.

7.0 REFERENCESFURTHER READING
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1.0 INTRODUCTION

Data input is a critical aspect of GIS operatiombe quality of the
output data is largely dependent on the qualitytied underlying
database. Creating a GIS database could be gquit@rdbng; careful
and rigorous planning and execution is usually ireglu In this unit, we
will focus on such data input operations as gedycapb referencing,
digital data conversion/data capture, data ched&tgng, and data
integration.

20 OBJECTIVES
At the end of this unit, you should be able to:

discuss the concept of geo-referencing

examine the processes of spatial and attributeidpte
analyse the issues of data checking and editing
discuss the issue of data integration.
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3.0 MAINCONTENT

3.1 Projection

Projection is a key component of map making. A gcbpn is a
mathematical means of transferring information frammodel of the
earth, which represents a three-dimensional custethce, to a two-
dimensional medium - paper or a computer screeffer®nt projections
are used for different types of maps because eagbgiion particularly
suits specific uses. For example, a projection ditaurately represents
the shapes of the continents will distort theiatigke sizes.

Since much of the information in a GIS comes fraxisteng maps, a
GIS uses the processing power of the computeraostorm digital
information, gathered from sources with differembjpctions and/or
different coordinate systems, to a common projacamd coordinate
system.

3.2 Geo-Referencing

The fundamental idea behind the creation of any @iltabase is the fact
that every object present on the earth can be gieoenced. Before
using any data in a GIS environment, the data shbelgeo-referenced
(Uluocha, 2007). Geo-referencing (also known as-rgetfication,
geolocating, geocoding or registering) is the pssaef assigning spatial
location identity to pieces of information. In othwords, it is the
process of giving a cartographic material such adigial satellite
imagery, aerial photograph, map, or statisticaladat a real world
coordinate system and map projection. Or, as Kabidnand Taggart
(2004) simply put it, “Geo-referencing is the presef establishing a
relation between the data displayed in your GlSwsok and its real-
world location.”

Geo-referencing enables us to know exactly whargshare positioned
on or in relation to the earth’s surface. The geferencing process is
normally used to relate or link cartographic datahte specific portions
on the earth’s surface that they represent or ipetta Besides, geo-
referencing enables one to accurately measurendesa directions,
sizes (areas) and shapes of features on cartogrbpkée material. In a
GIS environment, unless a piece of data is geaerted, it would be
impossible to undertake certain spatial analysisragons using the
data. Geo-referencing is commonly achieved by usngoordinate
system.

There are various spatial referencing systems an s@me of which are
rather crude and simple while some are sophisticated complex.
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Nevertheless, it has become somewhat customarylassify geo-
referencing systems into two broad groups namelgrdinate systems
and non-coordinate systems. Examples of coordiegs¢ems are the
spherical (geographic) coordinate system and tb&amgular coordinate
system. Non-coordinate systems include Postal Adeése and Postal
Codes (or ZIP codes in USA), telephone codes, plaeenes,
Enumeration Areas (EAs), House Numberings or StAeelresses, etc.
Some common geo-coding systems are shown in Tabldt3hould be
noted, though, that some of the non-coordinateegyst e.g. telephone
area codes and postal zip codes, exhibit only redtary metric
properties and do not give information about dicecbr size of objects
(Fabiyi, 2001, p. 62).

For large areas such as states, countries, reg@mnspntinents, the
spherical (or geographic) grid coordinate system latftude and
longitude is more useful for geo-referencing. Cosel, the plane
rectangular grid coordinate system, which makesaofisgy coordinates
(or Easting’s and Northing’s) is more suited to -geferencing small
areas like a school compound, census enumeratiea, alectoral
district, village, ward and township.

The spherical coordinate system is composed oftaank of infinite
number of latitudes and longitudes. The latituded &ongitudes are
usually numbered or identified with angular valueslegrees, minutes
and seconds, e.g.°2B'14’N, 15°07'25"E. The point of intersection
between the Greenwich Meridian and the Equator $aire origin (0) in
the spherical coordinate system. In the spherigdl gystem, the value
of latitude is usually given before that of longiéu

Table 3.1: Some Commonly Used Systems of Geo-Referencing

System Domain of | Metric? Example Spatial
uniqueness resolution
Place-name Varies No Abuja, Varies by
Ekenobizi, | feature type
Ghana
Postal Global No, but 21, Size of one
address ordered Abayomi mailbox
along Street,
streets  in Akoka,
most Lagos,
countries | Nigeria
Postal code| Country No 101017 | Area
(University | occupied by
of Lagos,a defined
Akoka, number  of]

49



ESM 407 GEOGRAPHIC INFORMATION SYSTEMS

Nigeria) mailboxes
Telephone | Country No 234 Varies
calling area (Nigeria)
Cadastral | Local Yes 10m x 30m Area
system authority (Dimensions occupied by
of a land a single
parcel) parcel  of
lanc
Public Western USA Yes Sec 5| Defined by
Land only, unique to Township | level of
Survey Prime 6E, Range subdivision
System Meridian 4N
Latitude/ | Global Yes 623'15"N, | Infinitely
longitude 10°18'42"E | fine
Universal | Zones six Yes 542500E, | Infinitely
Transverse | degrees of 327638N fine
Mercator | longitude
wide, and N of
S hemisphere
State Plane Unique to state Yes 55086.34E, | Infinitely
Coordinates and to zone 75210.76N | fine
within state

Source: Modified from Longley.et al (2001)
3.3 Spatial Data Capture

How can a GIS use the information in a map? If gpatial or
cartographic data to be used are not already imatliigrm, that is, in a
form the computer can recognise, various techniguaes capture the
information. Data capture or conversion is the mécdl process of
entering or putting information into the computgstem. Data capture
involves identifying the objects on the map, thasolute location on
the earth's surface, and their spatial relatiorsshiipis process consumes
much of the time of GIS practitioners. Neverthelesdgtware tools that
automatically extract features from satellite immge®r aerial
photographs are now gradually replacing what hadittonally been a
time-consuming capture process. There are a vasfetyethods used to
enter spatial data into a GIS where it is stored dhgital format.

Existing spatial data printed on paper or PET filiaps can be digitised
or scanned to produce digital data. As earlier chadedigitiser produces
vector data as an operator traces points, lined, @olygon (areal)
boundaries from a map. Maps can be digitised bydtecing with a
computer mouse on the screen or on a digitisinéeteb collect the
coordinates of features. Modern GIS technologie® uwigital
information, for which various digitised data clieatmethods are used.
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The most common method of data creation is digiisawhere a hard
copy map, survey plan or chart is transferred iatdigital medium
through the use of a computer-aided design (CADp@m, and geo-
referencing capabilities. With the wide availaliliof ortho-rectified
imagery (both from satellite and aerial sourcegpds-up digitising is
becoming the main avenue through which geographia & extracted.
Heads-up digitising involves the tracing of geodmapdata directly on
top of the aerial imagery instead of by the tradiél method of tracing
the geographic form on a separate digitising tal{le@ads-down
digitising).

Digitisation or conversion of existing paper basedords, plans, maps
and charts to digital using any of the three eshbtl and tested
methods:

o using the digitising tablet manually
o using the semi-automatic raster chasing method
o using the bundle (fully automatic) method.

Electronic scanners can also convert maps to di§itsinning a map
results in raster data, which could be further pssed to produce vector
data through a process known as vectorisation.er8t® shows the
comparative advantages and disadvantages of theiahalgitising
process to the automatic scanning technique.
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Table 3.2: Digitising and Scanning Techniques Compared

Manual Digitising Automatic Scanning

= A time-consuming procedure, = Less time-consuming
» The spatial (map) data | The spatial data is recorded |in
recorded in vector format. raster (grid cell) format.
= Can be used to selectively Automatically captures every
capture map data (the operator feature on the source document
digitises only the required (e.g. map, aerial photograph,
features). This reduces the orthophoto map,  satellite
amount of time spent on imagery). This creates
cleaning and editing the data additional editing problem.
» The procedure requires a lot|of Requires less human input.
human input (labourt
intensive). » Resolutions of line works are
» The captured line work often not often high, hence not quite
has a high resolution, hence suitable for map production.
suitable for map production. | = The process of geo-referencipng
» The source material to be source material is usually
digitised can easily be gep- extensive.
referenced. = Suitable for very large mapping
» Suitable for small mapping and geographical analysis
projects, which involve very projects requiring the digital

few map sheets. conversion of several map
sheets, aerial photos or satellite
imagery.

Source Uluocha (2007)

Survey data can also be directly entered into a f&8 digital data
collection systems on survey instruments using chrtigue called
Coordinate Geometry (COGO). Positions from a GloNaligation
Satellite System (GNSS) like Global Positioning t8ys (GPS), another
survey tool, can also be directly entered into &.GToordinates from
GPS receivers can be uploaded into a GIS. Currendtinvolves data
collection and field mapping being carried out die with field
computers (position from GPS and/or laser rangefind New
technologies allow for the creation of maps as veslldata analysis
directly in the field; this makes mapping projeetBcient and accurate.

Remotely sensed data also plays an important molepatial data
collection. This consists of sensors attached fa#form such as an
aircraft or spacecraft (satellite). Sensors incluckemeras, digital
scanners and LIDAR. Here, satellites use diffeisarisor packages to
passively measure the reflectance from parts of eleetromagnetic
spectrum or radio waves that were sent out froractive sensor such as
radar. Remote sensing collects raster data thabednrther processed
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using different bands to identify objects and aassf interest, such as
land cover.

The majority of digital spatial data currently candrom photo
interpretation of aerial photographs. Soft copy kegtations are used to
digitise features directly from stereo pairs ofidigphotographs. These
systems allow data to be captured in two and thkiieensions, with
elevations measured directly from a stereo paingugrinciples of
photogrammetric. Currently, analog aerial photos sctanned before
being entered into a soft copy system, but as guigility digital cameras
become cheaper this step will be skipped.

Data restructuring can be performed by a GIS tovedndata into

different formats. Since digital data is collecidd stored in various
ways, the data sources may not be entirely compamme of the data
may be in vector format while some may be in raBiemat. So a GIS
must be able to convert geographic data from ongtsire to another.
For example, a GIS may be used to convert a data@fiiage (raster)
map to a vector structure by generating lines atcalh cells with the

same classification, while determining the celltgpaelationships, such
as adjacency or inclusion; this process is knownraaser-to-vector

conversion.

3.4 Attribute Data Capture

In addition to collecting and entering spatial dattiribute data is also
entered into a GIS. For vector data, this inclugditional information
about the map objects represented in the systetypial attribute data
consists of statistical facts and figures which aseally presented in
tabular form. Hence, the keyboard is the devicenatly used to put
attribute data into the computer. If the data alyeaxists as an
electronic file, for example as a spreadsheet, ah de simply
downloaded into the GIS.

3.5 Checking and Editing

The data capture process is never error-free. Hafter capturing the
geographical data or keying in the statisticalrif@ite) data into a GIS,
the data usually requires checking and editingdémtify and remove
any errors, or further processing. For vector datanust be made
"topologically correct” before it can be used fone advanced analysis.
For example, in a road network, lines must conmatt nodes at an
intersection. Errors such as undershoots and ovetsimust also be
removed. For scanned maps, blemishes on the smapemay need to
be removed from the resulting raster. For exampliéeck of dirt might
connect two lines that should not be connected.
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The possible errors that could occur in a digitiseap include (Figure
3.1):

o Pseudo nodes (unwanted nodes)

o Overshoots and undershoots (unwanted danglingnaass)

o Sliver polygons (unwanted overlapping polygons).
o—fo—©

Pseudo node
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The possible attribute data entry errors includefthiowing:

o spelling errors

o entering of wrong digits (numerical figures)

. wrong field naming (e.g. designating a field as diccter”
instead of “numeric”, and vice versa)

o too long or too short field width (size)

o omission of some data items

o inclusion of unwanted data items.

3.6 Datalntegration

A GIS makes it possible to link, or integrate, imhation that is difficult
to associate through any other means. In other sy@tsS is effectively
used to relate information from different sources.

Thus, a GIS can use combinations of mapped vasgataebuild and
analyse new variables (Figure 3.2). For exampl|egusIS technology,
it is possible to combine agricultural records whtydrographic data to
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determine which streams will carry certain levefsfartilizer runoff.
Agricultural records can indicate how much pestciths been applied
to a parcel of land. By locating these parcels iatersecting them with
streams, the GIS can be used to predict the anafunitrient runoff in
each stream. Then as streams converge, the tati# [man be calculated
downstream where the stream enters a lake.

Satellite Data Olher Digital Data

Aerial Photographs
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Fig. 3.2: Data Integration: the linking of information in different
formsthrough a GIS
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The power of a GIS comes from the ability to relat#ferent
information in a spatial context and to reach actgsion about this
relationship. Most of the information we have about world contains
a location reference, placing that information@he point on the globe.
For instance, when rainfall information is collegttet is important to
know where the rainfall is located. This is done using a location
reference system, such as longitude and latituak parhaps elevation.
Comparing the rainfall information with other infoation, such as the
location of marshes across the landscape, may gradwertain marshes
receive little rainfall. This fact may indicate ttthese marshes are likely
to dry up, and this inference can help us makentlost appropriate
decisions about how humans should interact with rttegsh. A GIS,
therefore, can reveal important new informationt tleds to better
decision-making.

40 CONCLUSION
Data input is a major function of GIS; it is onetbhé most critical and

cumbersome aspects of the system. Creating a robelsble and
comprehensive database is crucial to the succeS$Sbperations. The
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quality of the outcome obtainable from GIS canmodifferent from the
quality of the underlying database — it is stilicase of “garbage in,
garbage out”. Thus, in any GIS project the dataitigperation should
be properly planned and meticulously executed.

50 SUMMARY

Data is the raw material that GIS processes toym@dhe much desired
information. But before this data can be processéas to be entered
into the system through a process known as datd.ifijpe spatial data,
which could be in form of a map, aerial photo aeBi#e image, has to
be captured into the system. If the data sourca ianalogue form
(hardcopy) it can be digitised directly into thes'gm or scanned before
digitising it on-screen. The relevant attribute ron-spatial data are
usually entered into the system via the computeybsard. After
inputting the data it has to be cleaned up by ocdlye€hecking for and
correcting any possible errors. The edited datthén stored in any
suitable electronic storage medium, for further. use

6.0 TUTOR-MARKED ASSIGNMENT

1. Critically examine the processes of spatiall attribute data
input.

2. Analyse the issue of data integration.

3. Discuss the concept of geo-referencing.
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1.0 INTRODUCTION

Perhaps data maintenance in a GIS environment staith having in
place a good data storage system. Once a datahadeehn created it
needs to be properly stored for safe-keeping asyl aecess. There are
various digital data storage devices available yotathis unit, we will
take a quick look not only at the available devibes also the peculiar
requirements and qualities of devices for the g@rand handling of
geospatial data.

20 OBJECTIVES
At the end of this unit, you should be able to:

o identify the various electronic data storage devigged in GIS
o discuss the qualities of good storage devices.

3.0 MAIN CONTENT
3.1 Data Storage

It is not just enough to digitally compile data;cencompiled, the digital

map files and the related attributes data filehenGIS should be stored
on magnetic or other digital media. In a GIS envinent, data storage
is based on &eneric Data Model that is used teonvert map data into

a digital form. As already identified, the two most common typés

spatial data models arRaster and Vector. Both types are used to
simplify the data shown on a map into a more b&wim that can be

easily and efficiently stored in the computer. Qe ther hand, the
tabularRelational data model is commonly used to store attributa.dat
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It is instructive to note that the particular modafaster or vector - used
to store spatial data matters a whole lot. As weshaready discussed,
comparatively speaking, each of the models haows merits and

demerits. Hence, in deciding on which model to dleofr data storage,
the intended application of the database and tipeat&d output (end
product) should be taken into consideration. Moegpit must be borne
in mind that certain operations are more efficiekecuted using one
type of data model than the other.

3.2 Storage Devices

Various data storage devices exist for GIS con&igans. These devices
are commercially available in varying physical dimi®ns and storage
densities. Conventionally, the magnetic tape aedoittical disk are the
two types of storage devices used in GIS. Howewet,too long ago
the Zip Drive, compact disk (CD) and flash drivéengd the family of
computer storage media. Diskettes, which were dnceogue, are
hardly in use nowadays.

Usually, large storage capacities are requiredsi®@ applications. This
should be so because GIS databases apart from toathgonally large

often include graphic data, which normally make hhidemand on
computer storage space (Uluocha, 2007). Preseamntigal disks with a
capacity of several terabytes exist. Such very lsggrage capacity
media can conveniently be used to handle largergpba databases. It
should also be noted that for efficient and efiextGIS operations, a
storage device with an efficient read/write mechami hence a fast
input/output (1/O) rate, is most desirable. Ordilyarowing to the large

volume of a typical geographic database coupledc wlite graphic

component, it took a while to retrieve and view adah a GIS

environment. However “with more efficient read/\grimechanisms,
higher capacity 1/0 channels, and intelligent desintrolling devices”

(Croswell and Stephen, 1988), it is now a lot fasteretrieve, view,

guery and manipulate geographical databases.

3.3 Qualitiesof a Good Storage Device

Owing to the fact that geospatial data are chanattzlly voluminous
coupled with the peculiar nature of some GIS opamai a storage
device that meets certain qualities is usually rdbse. Fast access rate
to data, which allows for real-time processing. &@torage device to be
considered good enough for data storage in a Gisogrment, it should
have the following qualities:

o Very high storage density, which can convenientipport the
often large volume of geographic databases.
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Efficient read/write mechanism
Fast input/output (1/O) rate
Cost effective

Durable

Less prone to virus attack.

4.0 CONCLUSION

Once the data have been digitally compiled, digmap files and the
associated attributes data files in the GIS anedton magnetic or other
digital media. For smooth operations and to obtgood results,
appropriate data model and robust devices musthiosen, for data
storage.

50 SUMMARY

Data storage is an important aspect of every Gl&atipn. Both the
spatial and non-spatial data captured must be dyop@red. In storing
the data files, an appropriate data storage mdualild be used; for
spatial data this could either be raster modelemtar model, while the
relational structure is mostly used for non-spadi@ta. There are many
electronic data storage devices. However, given dfievoluminous
nature of the data used in GIS, a storage devaeighrobust, efficient,
durable, resilient, and with very high storage dgris most preferable.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the qualities of good storage devices
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1.0 INTRODUCTION

Spatial analysis is one of the major functions & @érforms. There is a
vast range of spatial analysis techniques that baea developed over
the past half century. The subject of spatial asialyis a rapidly
changing field, and GIS packages are increasingiuding analytical
tools as standard built-in facilities or as optiot@olsets, add-ins or
‘analysts'. In many instances such facilities aovided by the original
software suppliers (commercial vendors or collabeea non
commercial development teams), whilst in other saseilities have
been developed and are provided by third partiesthBrmore, many
products offer software development kits (SDKSs),oggamming
languages and language support, scripting faalitgnd/or special
interfaces for developing one’s own analytical oot variants. In this
unit, we will look at some of the spatial analytiogerations that can be
carried out using GIS.

20 OBJECTIVES

At the end of this unit, you should be able to:

. identify some of the major data manipulation andlgsis
operations carried out in GIS
. discuss in detail some of the geographical anajysisedures.
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3.0 MAIN CONTENT

3.1 DataManipulation/Analysis Operation

Although the data input is, in general, the masieticonsuming part, it
is for data analysis that GIS is used. What distisiy the GIS system
from other information system are its spatial asalyfunctions. The

heart of GIS is the analytical capabilities of testem. The analysis
functions use the spatial and non-spatial attrutethe database to
answer questions about the real world. Geographatyais facilitates

the study of real-world processes by developing applying models.

Such models illuminate the underlying trends inggaphic data and
thus make new information available. The objectofegeographical

analysis is to transform data into useful informatito satisfy the

requirements or objectives of decision-makers lateakls in terms of

detail. Results of geographical analysis are mastipmmunicated with

the help of maps, and/or graphs (charts).

GIS offers the user several data manipulation aradyais options. The
facilities available in GIS for data processing dtions are known as
"Toolkits." A toolkit is a set of generic functions that GiSer can
utilise to manipulate and analyse geographic atrbate data. Toolkits
provide processing functions such as data retriayaéry, measuring
area and perimeter, overlaying maps, performing rakgbra, and
reclassifying map data. Data manipulation toolsuide:

o coordinate change (for changing from one geograbhic
coordinate system to another)

o projections (for changing from one map projectiomnother)

o rescaling (for changing map scale)

o edge matching (or rubber sheeting), which allowssi& to

reconcile irregularities between map layers or @ map
sheets called Tiles.

Similarly, GIS is usually equipped with a numberaofalytical tools for
conducting various kind of geographical analysisnohg the broad
range of major geographical analysis procedur€zl$are:

Database query

Map overlay

Proximity analysis

Network analysis

Digital Terrain Modeling (DTM)
Statistical and Tabular Analysis
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3.2 Some Geographical Analysis Procedures

This subsection looks briefly at some of the geplhi@l analysis
functions carried out using GIS.

3.2.1 Slopeand Aspect

Slope, aspect and surface curvature in terrainyaisabre all derived
from neighbourhood operations using elevation alwé a cell's
adjacent neighbours. There are various techniguesdiculating slope
and aspect. Slope is a function of resolution, #redspatial resolution
used to calculate slope and aspect should alwagpdigfied.

3.2.2 DataMode€ling

A GIS, however, can be used to depict two - aneéeidimensional
characteristics of the earth's surface, subsurfacé, atmosphere from
information points. For example, a GIS can quidgnerate a map with
isopleth or contour lines that indicate differinm@unts of rainfall. Such
a map can be thought of as a rainfall contour rvgmy sophisticated
methods can estimate the characteristics of swgfdicen a limited
number of point measurements. A two-dimensionatmanmap created
from the surface modelling of rainfall point meamuments may be
overlaid and analysed with any other map in a Gif¥edng the same
area. For example, with a GIS one can easily relettands maps to
rainfall amounts recorded at different points sashairports, television
stations, and high schools. Additionally, from arie® of three-
dimensional points, or digital elevation model, pkth lines
representing elevation contours can be generatedg awith slope
analysis, shaded relief, and other elevation prisdWatersheds can be
easily defined and delineated for any given redghcomputing all of
the areas contiguous and uphill from any given fpaoirinterest.

3.2.3 Topological Modelling

A GIS can recognise and analyse the spatial raelstips that exist
within digitally stored spatial data. These topatad relationships allow
complex spatial modelling and analysis to be peré. Topological
relationships between geometric entities tradifignaclude adjacency
(what adjoins what), containment (what enclosestyvlzand proximity
(how close something is to something else).

3.2.4 Network Analysis

The GIS can be used to undertake various netwoakyses. With the
GIS, for instance, one can study the network dgnsitetwork
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characteristics, network behaviour, and networkcfiom. The flow of
materials and energy in a network can be model#tuGIlS. Similarly,
the potential impacts of a given network can eguiadl examined using
GIS. For instance, if all the factories near a amdl were accidentally to
release chemicals into the river at the same titae, long would it take
for a damaging amount of pollutant to enter a rieaipwetland reserve?
A GIS can simulate the routing of materials alondin@ar network.
Values such as slope, speed limit, or pipe diamegarbe incorporated
into network modelling to represent the flow of thieenomenon more
accurately. Network modelling is commonly employedransportation
planning, hydrology modelling, and infrastructuudility) modelling.

3.2.5 Hydrological Modelling

GIS hydrological models can provide a spatial eletmthat other
hydrological models lack, with the analysis of ahies such as slope,
aspect and watershed or catchment area. Terralysenis fundamental
to hydrology, since water always flows down a slofse basic terrain
analysis of a Digital Elevation Model (DEM) involvecalculation of
slope and aspect, DEMs are very useful for hydio&gnalysis. Slope
and aspect can then be used to determine direatisurface runoff, and
hence flow accumulation for the formation of streamvers and lakes.
Areas of divergent flow can also give a clear iatlmn of the
boundaries of a catchment. Once a flow directiod ancumulation
matrix has been created, queries can be perforned $how
contributing or dispersal areas at a certain pdihdre detail can be
added to the model, such as terrain roughnesstateetypes and soil
types, which can influence infiltration and evapospiration rates, and
hence influencing surface flow. These extra laya@rgletail ensure a
more accurate model.

3.2.6 Cartographic Modelling

The term "cartographic modelling" refers to a psscaevhere several
thematic layers of the same area are producedegsed, and analysed
to obtain a composite map. The map overlay (or kiraperlay) method
is generally used to achieve this. Map overlay ({Feg3.3) involves the
combination of several vector spatial datasetsnfppiines or polygons)
to create a new output vector dataset, visuallylairto stacking several
maps of the same region. These overlays are situlanathematical
Venn diagram overlays. Aunion overlay combines the geographic
features and attribute tables of both inputs insingle new output. An
intersect overlay defines the area where both inputs oveatapretains a
set of attribute fields for each. gymmetric difference overlay defines an
output area that includes the total area of bofiuts except for the
overlapping area.

63



ESM 407 GEOGRAPHIC INFORMATION SYSTEMS

Census Tracts
Roads

Bus Routes
Shopping Centers

Industrial Sites
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3.2.7 Geo-Statistics

Geostatistics is a point-pattern analysis that pced field predictions
from sample data points. It is a way of looking the statistical
properties of those special data. It is differentrf general applications
of statistics because it employs the use of grd@ory and matrix
algebra to reduce the number of parameters indtee d

When phenomena are measured, the observation nsetliothte the

accuracy of any subsequent analysis. Due to theenaf the data (e.qg.
traffic patterns in an urban environment; weathettgyns across
Nigeria), a constant or dynamic degree of precisoaways lost in the

measurement. This loss of precision is determimeth fthe scale and
distribution of the data collection. Usually theger the sample size the
more accurate will the result of the analysis be. determine the

statistical relevance of the analysis, an averagdetermined so that
points (gradients) outside of any immediate measarg can be

included to determine their predicted behaviourisTis due to the

limitations of the applied statistics and data extion methods, and
interpolation is required to predict the behaviotiparticles, points, and
locations that are not directly measurable.
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Fig. 3.4: Hillshade Model derived from a Digital Elevation Model
(DEM)

Interpolation is the process by which a surfacereated (Figure 3.4),
usually a raster dataset, through the input of datiected at a number
of sample points. There are several forms of imtitpon, each of which
treats the data differently, depending on the piigseof the data set. In
comparing interpolation methods, the first consatien should be
whether or not the source data will change (exaeipproximate). Next
is whether the method is subjective, a human inééagion, or objective.
Then there is the nature of transitions betweentpoare they abrupt or
gradual? Finally, there is whether a method is all¢h uses the entire
data set to form the model), or local where anrélgm is repeated for a
small section of terrain.

Digital Elevation Models (DEM), Triangulated Irrdgu Networks
(TIN), edge finding algorithms, Thiessen polygoR®urier analysis,
(weighted) moving averages, inverse distance wigighkriging, spline,
and trend surface analysis are all mathematicahoakst to produce
interpolative data.

3.2.8 Address Geo-Coding

Geo-coding is interpolating spatial locations (X¢6ordinates) from
street addresses (i.e. street names and house nog)per any other
spatially referenced data such as Postcodes o€a@tfes, parcel lots and
address locations. A reference theme is requiregetecode individual
addresses, such as a road centerline file with esddranges. The
individual address locations have historically beeterpolated, or
estimated, by examining address ranges along aaoatieet segment.
These are usually provided in the form of a tablelatabase. The GIS
will then place a dot approximately where that addrbelongs along the
segment of centerline. For example, an address pbb0 will be at the
midpoint of a line segment that starts with addrésand ends with
address 100. Geo-coding can also be applied agaohsal parcel data,
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typically from municipal tax maps (cadastral mags).this case, the
result of the geo-coding will be an actually pasied space as opposed
to an interpolated point. This approach is beingreasingly used to
provide more precise location information.

There are several potentially dangerous caveatd #ra often

overlooked when using interpolation. Various altjoris are used to
help with address matching when the spellings daresses differ.

Address information that a particular entity or amgation has data on,
such as the post office, may not entirely match riéference theme.
There could be variations in street name spellogymunity name, etc.
Consequently, the user generally has the abilitymake matching
criteria more stringent, or to relax those paramseteo that more
addresses will be mapped. Care must be taken i@wehe results so as
not to map addresses incorrectly due to overzealmeaching

parameters.

4.0 CONCLUSION

What distinguish the GIS system from other inforioratsystem are its
spatial analysis functions. As a matter of facg tteart of GIS is the
analytical capabilities of the system; it is fortalanalysis that GIS is
used.

50 SUMMARY

Once data are stored in a GIS, many manipulatidiorp are available
to users. The analysis functions use the spat@inam-spatial attributes
in the database to answer questions about thevadd. The objective
of geographic analysis is to transform data intefuisinformation to

satisfy the requirements or objectives of decisitakers at all levels in
terms of detail.

6.0 TUTOR-MARKED ASSIGNMENT

1. Identify and discuss some of the major data maatpr and
analysis operations carried out in GIS.

7.0 REFERENCESFURTHER READING

GIS Primer, http://gis.nic.in/gisprimer/analysis3.ntml (Retrieved on
27/7/11).

http://en.wikipedia.org/wiki/File:Dem.jpg

66



ESM 407 MODULE 3

UNIT 4 DATA OUTPUT
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Data Display
3.2 Document Formatting
3.3 Data Output
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

A critical component of a GIS is its ability to phace graphics on the
screen or on paper to convey the results of arsatgsthe people who
make decisions about resources. Wall maps, Inteeaely maps,

interactive maps, and other graphics can be geteratlowing the

decision-makers to visualise and thereby understidued results of

analysis or simulations of potential events.

20 OBJECTIVES

At the end of this unit, you should be able to:

o examine the issue of data display in a GIS enviemm
o discuss document and printing formatting
o analyse final data output.

3.0 MAINCONTENT

3.1 DataDisplay

Data display is a form of data output — softcopytpatt To work

interactively with the computer system the datatbase displayed. The
VDU (visual display unit) also known as monitor soreen, is usually
the medium of data display. Both the graphic (map a&hart) and
textual (attribute) data can be displayed. Thebaiie data is usually
displayed in tabular format. The spatial data iswsnly displayed in
map form. Most GIS operations involve a lot of dras; consequently,
a high-resolution VDU with a powerful GUI (graphiagser interface) is
often desirable.
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There are various graphic display techniques. TBb&J\¢an be used to
present spatial (map) data as a planimetric (2-Dalwimetric (3-D)
displayed, depending on the nature of the datadifi’aal maps are
abstractions of the real world, a sampling of int@otr elements
portrayed on a sheet of paper with symbols to ssrephysical objects.
People who use maps must interpret these symbofgographic maps
show the shape of land surface with contour linewith shaded relief.
Today, graphic display techniques such as shadisgdon altitude in a
GIS can make relationships among map elementslejditeightening
one's ability to extract and analyse informatioor Example, two types
of data could be combined in a GIS to produce apgestive view of a
portion of an area. This can be done by using tiggadl elevation
model, consisting of surface elevations and a lgateiage for the
same coordinate points, pixel by pixel, as theaiewn information.

3.2 Document Formatting

Before the hardcopy of a document is printed (ottptl) some form of
formatting may be required. Formatting involves gareng and
presenting the document in the desired final outpuh. This is a form
of customising the document. Thus, document foin@tinay involve
defining certain specifications or settings relgtio the document to be
produced. Formatting applies to both the graphros t@xts. It equally
involves defining printing or plotting options. Thyaphics, texts and
printing formatting exercises are discussed below.

Graphics (map) formatting: This relates to the modifications made on
the map to enhance its aesthetics and communicafitiency. The
formatting exercise may include:

modifying feature colour (gray tone (black & whitey coloured)

modifying symbols

inserting neatlines (borderlines) around the map

choosing North arrow symbol

adding/modifying graticules (lines of latitude atahgitude),

legend and scale bar

adding inset map

. adding/editing labels (map lettering)

o proper positioning of map elements (e.g. map aseale bar,
legend box, north arrow, title, source, disclaineapyright, etc.),
to achieve balance

o map embellishment.

Text formatting: This has to do with certain modifications that Icoloe
applied to the text and font. This may involve sfy@ag font:
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type (e.g. Arial, Times New Roman, Tahoma, etc.)
colour

size (e.g. 8, 12, 36, 72 point size)

style (e.g. normal, italics, bold)

underlining

effects (e.g. shadow, panels, balloons)

orientation (horizontal, vertical, diagonal) etc.

Paper/Printing For matting:

o selection of paper size (Letter, A4, A3, A2, A1,)A0

o indicating paper orientation (portrait, landscape)

o setting page margins

o inserting page number

o inserting date and other special remarks, symiogied,
watermarks

o defining printing options (e.g. gray scale, coloaymber of
copies, etc.)

o print quality (usually specified as number of dp&s inch (dpi)
e.g. 300dpi, 600dpi, 1200dpi)

o specifying page range to print (e.g. all, curreanjgy pages — to -)

o selection of printer or plotter type.

3.3 Data Output

Cartographic data output is quite crucial in Gl&mpions. Visualisation
or cartographic display of spatial data in a Glyimmment is a key
component of GIS analytical operations. Cartograishthe design and
production of maps, or visual representation anchroanication of
spatial data. The vast majority of modern cartolgyaig done with the
help of computers, usually using a GIS. Most Gl8vsre gives the
user substantial control over the appearance ofd#ia. Cartographic
work serves two major functions: First, it produagsphics on the
screen or on paper that convey the results of aisaly the people who
make decisions about resources. Web Map Servalsatecdistribution
of generated maps through Web browsers using \ariou
implementations of Web-based application prograngminterfaces
(AJAX, Java, Flash, etc.). Second, other databaf&ennation can be
generated for further analysis or use. An exampalevbe a list of all
building addresses within one mile (1.6 km) raditia toxic spill.

The hardcopy (paper) data output can be obtaingdy @s printer or a

plotter. Printers are used for producing relativelyall size papers.
Currently, the largest paper size a wide carriag@gy can print on is
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A3. To obtain hardcopy outputs on paper sizes taigen A3 a plotter is
commonly used.

4.0 CONCLUSION

Data manipulation and analysis operations ofteldysgeme output. This

output could be in soft or hard copy version. Thédutput subsystem
of GIS offers tools that can be used to format package an output as
may be desired.

50 SUMMARY

The data output function of GIS involves displaythg result(s) of data
processing and obtaining an analogue version &fsually, to obtain a
softcopy the data is visualised on the screen @f wWorkstation.

Permanent or hardcopies are produced on papeoifoe sther printing

media) using a printer or a plotter. The output tbe softcopy or
hardcopy could be a draft or final version. Butdrefobtaining the
output, the document should be properly formatted.

6.0 TUTOR-MARKED ASSIGNMENT
Discuss document and printing formatting.

1.
2. Critically examine the issues of data display a GIS
environment.

7.0 REFERENCESFURTHER READING

Clarke, K. C. (1995).Getting Started with Geographic Information
Systems. (3rd ed.). New Jersey: Prentice Hall.

Jones, C. (1997)Geographical Information Systems and Computer
Cartography. Essex:Addison Wesley Longman Limited.

Kraak, M. & Ormeling, F. (1996)Cartographic Visualisation of Spatial
Data. Essex: Addison Wesley Longman Limited.

Longley et al (2001). Geographic Information Systems and Science.
New York: John Wiley & Sons Inc.
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1.0 INTRODUCTION

There is always the need to keep the data itenes G1S database as
current as possible. Both the spatial and attrildatabases should be
periodically updated, as the need arises. Hendleisrunit, our focus is
on issues relating to the update of data entries 1S environment. It
should be noted that in GIS there are two broadgoaies of data we
deal with namelgraphics (point, line, polygon) antext (alphanumeric
and numeric). In other words, GIS data updatinglves revising both
spatial and non-spatial (attribute) data.

20 OBJECTIVES
At the end of this unit, you should be able to:

o define the concept of data updating
o discuss the process of spatial data updating
o explain the process of attribute (non-spatial) dgdating.

3.0 MAINCONTENT
3.1 Concept of Data Updating

Basically, data updating is the process of bringangalready existing
piece of data up to date. This process may demaladiny an obsolete
data item and replacing it with a more recent dhenay also involve
simply adding a freshly acquired data to an exgsbady of related data,
without necessarily deleting any existing data.

It should be noted that the decision to updatetabdase as well as the
format and extent of the update depends on thadet® application. For
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instance, if a database is to be used for somertual studies or time-
series analysis, both the old and contemporary itketias alike will be

very much needed. If, for example, a land-use/leoner study of a

place is to be carried out for, say, between 1960 2010, then maps,
aerial photographs, and/or satellite images ofedifit time periods in-
between the two time segments will be needed. Tdfigourse, is in

spite of the fact that, for instance, a 1960 topphic map of an area
will be considered obsolete when compared to a 2&difion of the

same area.

Whatever the reason or nature of any data updatiegcise, it requires
undertaking some form of data upgrade or modifocatirhe whole idea
is to keep the database as timely, relevant, usaidl accessible as
possible.

The general procedure for updating data in a dawmbean be
summarised thus:

o locate and retrieve file containing database topmated

o open and display the database

. make required modifications to data (e.g. adding data items,
deleting obsolete data items, etc.) using the ap@@ software
tools

o validate data (attempting to update a databaseesait in some

errors, hence after modifying the database, ey ithecking for
possible any errors; correct any identified errors)
o save the updated database.

Reasons for data updating:

to make the data up-to-date

to improve on the accuracy of the data

to enhance the use value and hence of the data
to increase data accessibility (for authoriseds)ser

3.2 Spatial Data Updating

Spatial data updating largely involves updatingueetor map database;
the essence is to improve on the quality of thalukge. In other words,
a major goal of a map updating program is to enshe¢ revised
graphics meet the accuracy specifications for tkended use. Updating
becomes necessary if certain errors are noticéleeinlata. The updating
process can also be used to capture and reflemttrebanges that have
taken place in the area covered by the map. Ovanpe dynamics of
land-use/land-cover change, it often becomes nape$s update maps
held in a GIS in order to better fit the curremdacape.
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Updating spatial or cartographic data involves iowprg the geometric
and horizontal (positional) accuracy of featurgsresented on the old
map. Usually, current data are more accurate thder onap bases and
can therefore be used to improve the accuracyeoffrthp data.

Map or spatial data updating is mostly done uskig drom primary and
secondary data sources, including the following:

Existing maps and atlases

Aerial photographs

Satellite imagery

Orthophotos

Stereophotographs

Gazetteer of place-names

GPS data

Direct field measurements

In-situ personal field observations (ground trugin
Geographically-referenced databases from feddedk and local
government agencies.

In updating a digital map (vectorised or scannedp)maaerial
photograph, orthophoto (orthorectified), or satelimage could be used
as a back-drop raster image. The vector map tgpdated is displayed
as an overlay on the raster image. GIS image-warpiathods can be
used to adjust an old map base to newer, more aecoontrol. This is
done to ensure that the map to be updated aligmegisters perfectly
well with the scanned image. For proper registratibe digital image
and the map to be updated should be consistenteath other; this can
be achieved by making them to be of the same projeand scale. The
image rubber sheeting facility available in mostmaoeercial GIS has
greatly improved the accuracy of some maps and duga the
consistency of clusters of maps. Once the vectop arad the raster
image are properly aligned, new objects can besttgon-screen) from
the image and added to existing objects on the @apthe other hand,
obsolete, unwanted, or no-longer-existing objectshee map could be
deleted. Similarly, in updating/editing a GIS mayet can, for example,
be moved, rotated, intersected, or joined. Morgpsmts of lines can be
added, deleted, or moved. GPS readings can alstownloaded and
used in updating map data in a GIS environment.

It should be noted that in using remote sensinggemna (aerial
photographs, orthophotos and satellite images)paate cartographic
data some sort of quality control should be coretiicThe quality of the
imagery can be checked visually on a workstationdding this, the
radiometry, geometry, histogram, brightness andrash properties of
the image should be properly checked.
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3.3 Attribute Data Updating

As noted earlier, the spatial data in a GIS workseanjunction with the
associated attribute data. Hence, just as it ditscomes necessary to
update the spatial data, it is equally imperatwveaupdate the attribute
database. As a matter of fact, certain data itenaniattribute database
are automatically updated as certain propertiesnap features in a
spatial database are modified. This is so becauseality attribute data
updating involves adding, changing or deletinglaites of map objects.

The attribute database is commonly held in tabiglan. One important
operation in maintaining tables is the ability fsdate the data contained
in the table. Most commercial GIS have featurescemmands that
allow one to perform various data updating funciormhe rows
(records) as well as the columns (fields) of taldas be updated. You
can update all the rows in a table or a selectioows. Also, you can
update a single column or a group of columns. Sofitke commands
used in modifying an attribute table are INSERT, DAHE, or
DELETE.

Some of the attribute table modifications that barcarried out in a GIS
environment include:

. Add a temporary column or update an existing columth data
from another table

Update a table

Place graphic information into visible columns

Add a new column

Modify data in a cell (entering new values thatlwéplace the
current ones)

Edit/Update data in an existing column

Delete column

Change column name

Delete data in a column

Change column type (e.g. from alphanumeric to nigper
Increase/Reduce column size.

The process of updating an attribute data may wevdiringing data
from one table into another. In doing this, you ocaither add a
temporary column or you can update an existingraludepending on
the flexibility and requirements of the GIS softean use. Depending
on the magnitude of the modification to be made, dtiribute data may
be updated directly in the GIS environment, ortdide could be created
in another GIS-compatible database management nsystiech as

Access, Oracle or Microsoft Excel and later impdrieto GIS. Many
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contemporary GIS software offer tremendous flekipilwith how
information is imported and what information isrtséerred. However,
in using other software to create a new tabulaa tlzt will be used to
update an existing GIS attribute database, care¢ bmusaken to ensure
that the format of the new database is consistéht tve format of the
already existing.

4.0 CONCLUSION

The credibility of GIS hinges so much on the qyadihd currency of the
database. The need for constant updating of GI& tlatrefore, cannot
be overemphasised. Having current and useable ida&ssential to
maximising the potential of GIS. Hence, a well thbuout plan for

periodic data upgrading should form a key comporanevery GIS

implementation programme.

50 SUMMARY

The ultimate goal of adopting and operating the @&é&hnology is to
provide reliable, useful and timely information fdecision making. The
success or otherwise of any GIS scheme hingeslyaagethe quality

and dependability of its database. To keep the ‘Giatmr-use’ at any

time there is need to regularly update the datda Dpdating involves
upgrading the quality of an existing piece of datarder to bring it up
to date. Doing this may take the form of addingsliratems to the
database and/or deleting certain obsolete ones.

6.0 TUTOR-MARKED ASSIGNMENT

1. Define the concept “Data Updating”.
2. Analyse the process of attribute data updating

7.0 REFERENCESFURTHER READING
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1.0 INTRODUCTION

The data used in GIS operations are usually orgdnia form of
databases. A database, in turn, is typically osgahiaccording to
generaldata model®r structures. Understanding the nature of datsbas
and database management systems is, thereforeldougnderstanding
the creation and handling of data in a GIS envirenimin this unit, we
will be looking at both spatial and non-spatialatetses.

20 OBJECTIVES

At the end of this unit, you should be able to:

o explain the concept of database (DB) and databaseagement
system (DBMS)

o examine the nature, content, and functions of spakatabase
systems

o identify non-spatial database structures.
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3.0 MAINCONTENT

3.1 The Concept of Database

In a GIS environment, the data used for operatisnsually organised
in database form. Generally speaking, the termaldete’ refers to a
collection of information about things and theidat®nship to one
another. A database model is a theory of how abdatis supposed to
look like. Put differently, alatabasas an integrated collection of data
records, files, and other databasgectsneeded by an application. A
database could be in analogue or digital format.eHeur concern is
with digital database. Hence, a database is amn@g collection of
datafor one or more purposes, usually in digital foAdatabase (often
abbreviatedDB), is normally organised in such a way thatcamputer
programcan quickly selectdesired pieces oflata We can therefore
think of a database as an electronic filaygtem

Traditional databases are organisediblds, records, andfiles. A field
is a single piece of information; a record is ooenplete set of fields;
and a file is a collection of records. For exampldgelephone book is
similar to a file. It contains a list of recordsch of which consists of
three fields: name, address, and telephone number.

Data are typically organised relevant aspects aftye(for example, the
number of flats in a residential apartment buildjnop a way that
supports processes requiring this information @gmgample, finding a
building with a vacant flat for rental). The teralatabase" refers both to
the way its users view it, and to the logical ahgiqical materialisation
of its data, content, in files, computer memoryd asomputer data
storage. Moreover, the term database implies beatlata is managed to
some level of quality (measured in terms of accyraavailability,
usability, and resilience) and this in turn oftenplies the use of a
general-purpose Database management system (DBMS).

To access information from a database, you needatabase
Management System (DBMS). A DBMS is a software package with a
collection of computer programs that controls theaton, organisation,
maintenance, selection and the use of data in abdsé¢. The term
database is correctly applied to the data and statatures themselves,
and is different from the DBMS which is a softwanestem that allows
one to store and change the database (i.e., thg @datwell as retrieve
information from it.

A few examples of commercially available DBMSs ud# Gemstone,
O,, Versant, Mattise, Codasyl, Sybase, Oracle, DB@ceAs, dBase,
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SQL Server from Microsoft, DB2 from IBM and the Opeource
DBMS MySQL..

The database concept has evolved since the 19668asw increasing
difficulties in designing, building, and maintaigitomplex information

systems (typically with many concurrent end-usenrsg with a large
amount of data). It has evolved together with th@hement of

Database management systems (DBMSs) which enableeftactive

handling of databases. Though the terms databaszeD&MS define

different entities, they are inseparable: A datelsagproperties are
determined by its supporting DBMS and vice-verdae Tajor purpose
of a database is to provide the information sydi@nits broadest sense)
that utilises it with the information the systeneds.

3.2 Spatial Database

The GIS technology operates on spatial databagestiab databases
store information related to objects in space. Atigp database is a
collection of spatially referenced data that astaanodel of reality. In
other words, a spatial database is a databasestlogtimised to store
and query data that is related to objects in spac&jding points, lines
and polygons. Furthermore, a spatial database mys&ea database
system that offers spatial data types in its datadeh and query
language, and supports spatial data types in itplemmentation,
providing at least spatial indexing and spatiah jonethods. Spatial
database systems offer the underlying databasendkdy for
geographic information systems and other applioati@uting, 1994).

As noted by Guting (1994):

(1) A spatial database system is a database system

(2) It offers spatial data types (SDTs) in itsadatodel and query
language.

(3) It supports spatial data types in its impletagan, providing at
least spatial indexing and efficient algorithms $patial join.

While typical databases can understand various rnaraed character
types of data, additional functionality needs tcaldded for databases to
process spatial data types. These are typicallleccajeometry or
feature. Generally, database systems use indexes to guickk up
values. However, the way that most databases idd&xis not optimal
for spatial queries. Indexes used by non-spatighbdses cannot
effectively handle features such as how far twaisodiffer and whether
points fall within a spatial area of interest. Cemsently, spatial
databases use a spatial index to speed up datbasgions.
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3.3 Content of Spatial Database

The content of a spatial database depend on éadetd purpose, which
in turn is dependent on the organisation usingWe can briefly
illustrate this with two simple examples namelyangportation and
wetland.

Example 1. Transportation

Consider the use of highway data from the diffeqgoints of view of
two agencies namely a natural resources orgamsatil a highway
transportation organisation. The natural resourcgamsation might
only need information on logging routes and thensmting access to
secondary or state highways. On the other hand,trdmesportation
organisation's main interest is in characterisimghWways used by the
public. The database might also be used to stotaile® highway
condition and maintenance information. We woul@réfore, expect the
transportation organisation's need for highway dathe more detailed
than would the natural resource organisation's.need

Example 2. Wetlands

Let us also consider the need for wetlands data tree different points
of view of two agencies namely an ecological orgation and a taxing
authority. The ecological organisation might definetlands as a natural
resource to be preserved and restricted from dpeedat. Thus, that
perspective might require considerable detail farsadibing the
wetland's biology and physical resources. On therohand, the taxing
authority might define a wetland to be a "wastetaand of very little
value to society. Thus, that description might regjonly the boundary
of the "wasteland" to be included in the database.

3.4 Basic Characteristics of Spatial Database

A typical spatial database should possess certaracteristics. Such a
database should be:

o Contemporaneous - should contain information ofshme time
period for all its measured variables.

o As detailed as necessary for the intended appicsti

o Accurate in terms of the geographical location osifppons of
features.

o Exactly compatible with other information that mbg overlain
with it.

o Internally accurate, portraying the nature of pheapa without

error - requires clear definitions of phenomena #na included.
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o Easily updated on a regular schedule.
. Accessible to whoever needs it and is authoriseds¢oit.

3.5 Functions of Spatial Databases

Spatial databases can perform a wide variety ofisdpaperations. To
perform its functions spatial databases make usespattial query
languages. A spatial query is a special type cdlukzde query supported
by geodatabases and spatial databases. The spatiaés differ from
SQL queries in that they allow for the use of getmyndata types such
as points, lines and polygons and that they consitie spatial
relationship between these geometries.

The following query types and many more are supgbtty many
spatial databases especially tlipen Geospatial Consortiur(see
Wikipedia URL):

o Spatial Measurements: Find the distance betweeartgqolygon
area, etc.

o Spatial Functions: Modify existing features to ¢eeaew ones,
for example by providing a buffer around them, iséeting
features, etc.

o Spatial Predicates: Allows true/false queries sasH'is there a
residence located within a mile of the area we @amning to
build the landfill?”

o Constructor Functions: Creates new features witls@h query
specifying the vertices (points of nodes) which oake up lines.
If the first and last vertexes of a line are idealtithe feature can
also be of the type polygon (a closed line).

. Observer Functions: Queries which return spectiformation
about a feature such as the location of the certarcircle.

3.6 Non-Spatial Database

As noted earlier, GIS uses raster or vector reptaiens to model
location. It is equally important to consider hoWwSGnust also record
information about the real-world phenomena posé@at each location
and the attributes of these phenomena. That isGtBemust provide a
linkage between spatial and non-spatial data. Thkadge between
symbol (map feature) and meaning is establishedgimng every
geographic feature at least one unique means ofifidation, a name or
number usually just called its ID. Non-spatial iatites of the feature
are then stored, usually in one or more separés, funder this 1D
number. In other words, graphic lmcational information is linkedo
specific non-graphic or attribute information idaabase.
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Non-spatial data (also calleattribute or characteristic data) is that
information which is independent of all geometransiderations. It is
the set of data that tells more about what geogedphtures are like. In
other words, whereas spatial data gives us infoomadboutwhere
(location) things are, non-spatial data gives @igrmation onwhat they
are like irrespective of their location. For exam tree is a geographic
feature, but the type, height, and age of the #&meenon-spatial data
because they are independent of the tree’s location

The non-spatial data associated with spatial feataan be filed away in
several different forms depending on how it needlsbé used and
accessed. There are numerous types of databasdsntoday. These
models not only represent how a database looksblitealso what kind
of operations that can be used to manipulate ttewdghin. Some of the
commonly used attribute database models include:

Hierarchical model

Network model

Relational model

Entity-relationship model

Object model

Object/relational database management systems (QFI3}B
Object-oriented database (OODB) model.

In this unit, we will briefly describe the three mmonest database
models namely hierarchical, network and relatiof&@c more detailed
discussion on each of the data models, the inetastader can consult
the sources listed in the references section.

Hierarchical Database M odel

The hierarchical data model organises data in @ steucture (Figure
4.1). There is a hierarchy of parent and child dagments. In other
words, to create links between record types, teeahthical model uses
Parent-Child Relationships. For example, an orgdios might store
information about an employee, such as name, eraplayumber,
department, salary. The organisation might alspestiformation about
an employee's children, such as name and datetbf Bhe employee
and children data forms a hierarchy, where the eyga data represents
the parent segment and the children data repreenthild segment. If
an employee has three children, then there wouldthoee child
segments associated with one employee segment. hrerarchical
database the parent-child relationship is one-tayma

In a hierarchical database model data is storedare than one type of
record. One field is usually recognised as keylltoegords, but data in
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one record does not have to be repeated in andther.system allows

records with similar attributes to be associatepbtioer. The records are
linked to each other by a key field in a hierardiyfiles. Each record,

except for the master record, has a higher levarcefile linked by a

key field "pointer”. In other words, one record magd to another and
so on in a relatively descending pattern.

University
[ |
Faculty Faculty Faculty
I |
Department Department Department
| | | |

Student Student Studen Studen Studen

Fig. 4.1: Hierarchical Data Structure

Network M odedl

The network model uses records and sets, whichitaréwvo basic
structures, when organising data. Record contdiaesfields, while the
set is the one defining the relationship existiregween the records.
Unlike what obtains in the hierarchical data stwoet data in network
structure are modeled with more than one parentipda (Figure 4.2).
So, the network model permits the modeling of mamyaany
relationships in data. The basic data modeling tcocisin the network
model is the set construct. A set consists of aneswecord type, a set
name, and a member record type. A member recoel ¢gp have that
role in more than one set; hence the multi-parentept is supported.
An owner record type can also be a member or own@nother set. The
data model is a simple network, and link and irgetisn record types
(called junction records by IDMS) may exist, as Iwad sets between

them. University

N

Faculty Faculty

e N

Department Department Department

S N

Student| | Studen Studen Studen Studen

Fig. 4.2: Network Data Structure
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Relational Database M odel

A relational database allows the definition of dstraictures, storage and
retrieval operations and integrity constraintssilich a database, the data
and relations between them are organised in tgbisle 4.1). A table
is a collection of records and each record in #etabntains the same
fields. A common link of data is used to join or associ&eords. The
link is not hierarchical. A "matrices of tables" ised to store the
information. As long as the tables have a commok they may be
combined by the user to form new inquires and dataut. This is the
most flexible system and is particularly suitedS{QL (structured query
language). Queries are not limited by a hierardhyles, but instead are
based on relationships from one type of recordntaiteer that the user
establishes.

Perhaps, this is the simplest method, where eaofrgphic feature is
matched to one row of data. All records in thisdkof database have the
same number of "fields". Individual records hav#edent data in each
field with one field serving as a key to locate atular record. For
example, as a person your national ID card numlzsr e the key field
in a record of your name, address, phone numbxergefienicity, place of
birth, date of birth, religion, and so on. Similarfor a plot of land there
could be hundreds of fields associated with thengdplot), such as
owner, address, size, usage, etc. Because oéxibifity this system is
the most popular database model for GIS (Foote &hebner,
2000). The relational database structure is furthesussed in Unit 3 of
this module.

Table4.1: Relational Data Structure

Bld_I | Owne | City | Str_N | Str_Nam | Type No_Floor]| ..

D r 0 € S

1 Ben |Yab |6 Ayodele | Duplex 2
Ike a

2 Segun| Yab |13 Ekanem | Bungalo
Ajayi | a w

3 Ayo |Yab |2 Okoro Bungalo
Oni a w

4 Idris |Yab |7 Lawanso | Duplex 3
Musa | a n

5 Uche | Yab |21 Obayan Bungalo
Ojeh |a w

83



ESM 407 GEOGRAPHIC INFORMATION SYSTEMS

4.0 CONCLUSION

Every GIS has a database management system (DB&&)h is used
to create and handle the datasets used for vasjperations.

50 SUMMARY

Data items used in GIS operations are usually gedrand stored in
database format. A database, which is normally heldigital form, is
an organised collection of data records, files, atler database objects
needed by an application, for one or more purpos&shave the spatial
database as well as the attribute (non-spatialpbdse. A spatial
database is a collection of geographically-refeeendata that acts as a
model of reality. On the other hand, an attribia&gatlase is used to hold
descriptive information about the geographicaldest represented in a
spatial database.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the concept:

a. Database (DB)

b. Database management system (DBMS)
2. Identify non-spatial database structure.
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1.0 INTRODUCTION

Real world features are represented in GIS usisgatial data model.
Simply put, a data model is an abstract structuaé pprovides the means
to effectively describe specific data structuregdssl to model an
application. GIS data represents real objects (@schoads, land use,
elevation, trees, waterways, etc.). Real objectslmadivided into two
abstractions: discrete objects (e.g., a houseyrdabout, or a borehole)
and continuous fields (such as rainfall amount, etagpn, or
elevations). Traditionally, there are two broad moeels or models used
to store spatial data in a Gl&aster images andvector. In this unit, we
will closely look at each of the models.

20 OBJECTIVES

At the end of this unit, you should be able to:

o identify and discuss the two spatial data modefaraonly used
in GIS: vector and raster

o compare and contrast the models

o examine the conversion from one model format talaero

3.0 MAIN CONTENT
3.1 Vector Structure
In a GIS, geographical features are often expressedectors, by

considering those features as geometrical shap#srdht geographical
features are expressed by different types of gagmet
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Vector digital data have been captured as poimiss I(a series of point
coordinates), or areas (shapes bounded by linéglirés 4.4a and b).
An example of data typically held in a vector fil®uld be the property
boundaries for a particular housing subdivision.

Points

Zero-dimensional points are used for geographeatures that can best
be expressed by a single point reference — in otfeeds, by simple
location. Examples include wells, peaks, featurésinterest, and
trailheads. Points convey the least amount of médron of these file
types. Points can also be used to represent arkas displayed at a
small scale. For example, cities on a map of theldvanight be
represented by points rather than polygons. No umeasents are
possible with point features.

Linesor Polylines

One-dimensional lines or polylines are used foedinfeatures such as
rivers, roads, railroads, trails, and topograpimed. Again, as with point
features, linear features displayed at a smalkesadl be represented as
linear features rather than as a polygon. Lineufeat can measure
distance.

Polygons

Two-dimensional polygons are used for geographeatures that cover
a particular area of the earth's surface. Suchufesitmay include lakes,
park boundaries, buildings, city boundaries, ordlarses. Polygons
convey the most amount of information of the filgpds. Polygon

features can measure perimeter and area.

Each of the above geometries is linked to a rowaidatabase that
describes their attributes. For example, a datatizedescribes lakes
may contain a lake's depth, water quality, pollutitevel. This
information can be used to make a map to descrimatecular attribute
of the dataset. For example, lakes could be cotbdepending on level
of pollution. Different geometries can also be canggl. For example,
the GIS could be used to identify all wells (poggometry) that are
within one kilometer of a lake (polygon geometryait has a high level
of pollution.

86



ESM 407 MODULE 4
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Fig. 4.4a: A Seriesof Point Coordinates
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Fig. 4.4b: Shapes Bounded by Lines

3.2 Raster Structure

A raster data type is, in essence, any type ofalighage represented by
reducible and enlargeable grids (also known as @#llpixels). Figure
4.5 illustrates the representation of point, linaad areal geographical
features in a raster format. Anyone who is familiaith digital
photography will recognise the raster graphics Ipe® the smallest
individual grid unit building block of an image, ugly not readily
identified as an artifact shape until an imager@pced on a very large
scale. A combination of the pixels making up angmaolour formation
scheme will compose details of an image, as isindistrom the
commonly used points, lines, and polygon area iogasymbols of
scalable vector graphics as the basis of the veotaolel of area attribute
rendering. While a digital image is concerned withoutput blending
together its grid based details as an identifiabpresentation of reality,
in a photograph or art image transferred into apaer, the raster data
type will reflect a digitised abstraction of reglidealt with by grid
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populating tones or objects, quantities, co-joimedopen boundaries,
and map relief schemas. Aerial photos are commasdyl form of raster
data, with one primary purpose in mind: to dispdagetailed image on a
map area, or for the purposes of rendering itstifigble objects by
digitisation. Additional raster data sets used byGEsS will contain
information regarding elevation, a digital elevatimodel, or reflectance
of a particular wavelength of light, Landsat, ohet electromagnetic
spectrum indicators.

Raster data type consists of rows and columns Itd, ecgith each cell
storing a single value (Figure 4.6). Raster data loa images (raster
images) with each pixel (or cell) containing a eslealue. Additional
values recorded for each cell may be a discretgeyauch as land use, a
continuous value, such as temperature, or a nullevéd no data is
available. While a raster cell stores a single @aitican be extended by
using raster bands to represent RGB (red, greeue) btolours,
colourmaps (a mapping between a thematic code &l WVlue), or an
extended attribute table with one row for each ueigell value. The
resolution of the raster data set is its cell widtlyround units.

- i

(a)Point feature  (b) Linear feature  (c) Polygon or areal
feature

10=g Og0h Marr00a-0a00m0000 G- (a-
OOBD>-05xB0 (>BO0PH>® OO

Ve 2@ A@ O @D e
Raster data is stored in various formats; from anddrd file-based
structure of TIF, JPEG, etc. to binary large obj@itOB) data stored
directly in a relational database management sy$RIDBMS) similar
to other vector-based feature classes. Databassgstowhen properly
indexed, typically allows for quicker retrieval thfe raster data but can
require storage of millions of significantly sizeztords.

Typically, raster data files consist of rows of fonmn cells coded
according to data values. An example is land colassification (Figure
4.6). Raster files can be manipulated quickly by ¢omputer, but they
are often less detailed and may be less visualpeamg than vector
data files, which can approximate the appearancemartke traditional
hand-drafted maps.
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Fig. 4.6: Raster Data Type (Land cover
classification)

3.3 Comparison of Raster to Vector Moddl

There are some important advantages and disadesntagising a raster
or vector data model to represent reality:

. Raster datasets record a value for all points enafea covered
which may require more storage space than repiagetéta in a
vector format that can store data only where needed

. Raster data allows easy implementation of overlpgrations,
which are more difficult with vector data.
. Vector data can be displayed as vector graphicd use

traditional maps, whereas raster data will appsaraimage that
may have a blocky appearance for object boundéiesending
on the resolution of the raster file).

. Vector data can be easier to register, scale, aqmiaject, which
can simplify combining vector layers from differestturces.
. Vector data is more compatible with relational take

environments, where they can be part of a relatitadale as a
normal column and processed using a multitude efaiprs.

. Vector file sizes are usually smaller than rastadwhich can
be 10 to 100 times larger than vector data (dependin
resolution).

. Vector data is simpler to update and maintain, wagra raster

image will have to be completely reproduced. (Exi@mp new
road is added).

. Vector data allows much more analysis capabilispeeially for
"networks" such as roads, power, rail, telecommatioos, etc.
(Examples: Best route, largest port, airfields @med to two-
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lane highways). Raster data will not have all tharacteristics of
the features it displays.

o Raster files can be manipulated quickly by the cat@ip but they
are often less detailed and may be less visualpeamg than
vector data files, which can approximate the apgeae of more
traditional hand-drafted maps.

34 Data Model Conversion

From the foregoing it is obvious that digital sphtilata are collected
and stored in different ways; vector or raster. The data models are
not entirely compatible. Therefore, a GIS must bk @ convert data
from one structure to another. Data restructuringanversion can be
performed by a GIS to convert data between diffefermats. For
example, a GIS can be used to convert a satetfidge map (raster data)
to a vector structure by generating lines arouhdells with the same
classification, while determining the spatial relaships of the cell,
such as adjacency or inclusion (Figure 4.7a and b).

Fig. 4.7a: Views of the Satellite  Fig. 4.7b: Magnified Views of
Image Map the Same GIS Data File
Converted into Vector Format.

Vector to Raster Conversion

Converting vector data to raster involves usingl grells to define or
represent the location of a point, line or polydarea) feature held in
vector format. To rasterise a vector map an amifimatrix of cells is
first imposed on the map. With the fine mesh ofl dines now covering
the map features it becomes easy to identify whigkls (cells) lie on
or within the boundaries of the features. With #id of a suitable
rasterisation algorithm the cells accommodating plaeticular spatial
object(s) of interest can be identified and assigme&alue or shaded in a
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chosen pattern to represent that object type. Egur.8a, b and c
illustrate the rasterisation of point, linear amelad features respectively.
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4.0 CONCLUSION

There are two main spatial data models used inngt@eographically-

referenced data in GIS. These are the vector naukthe raster model.
The selection of a particular data model, vectoraster, is dependent
on the source and type of data, as well as thadet use of the data.
Whereas certain analytical procedures require masdéta others are
better suited to vector data.

50 SUMMARY

Traditionally, geospatial data has been storedpadented in the form
of a map. However, various types of spatial datadet® have been
developed for storing geographic data digitallyeTtvo models mostly
used are raster and vector. The raster model mae®f a matrix of
cells to represent and store data while vector dsesmore familiar
cartographic symbols (points, lines, and polygoisich of the spatial
data models has its own merits and demerits. jossible to convert
from one data model to the other.
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6.0 TUTOR-MARKED ASSIGNMENT

1. Indentify and discuss the two spatial data @e®dommonly used
in GIS.
2. Compare and contrast the two models.

7.0 REFERENCESFURTHER READING
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1.0 INTRODUCTION

Additional non-spatial (also known as aspatiahtbribute) data can also
be stored along with the spatial data represengatid coordinates of a
vector geometry or the position of a raster cetift®are is currently
being developed to support spatial and non-spaialision-making,

with the solutions to spatial problems being inéégd with solutions to
non-spatial problems. The end result with thesexiBle Spatial

Decision-Making Support Systems (FSDSS) is expetddue that non-
experts will be able to use GIS, along with spatigtieria, and simply
integrate their non-spatial criteria to view sabag to multi-criteria

problems. This system is intended to assist decisiaking.

In Unit 1, we identified and briefly discussed sonfieche major attribute
(non-spatial) database models used in GIS. Inuthis we aim at taking
a further look at the Relational Database Modeljctvhs the most
commonly used attribute database model in GIS. ddtere, qualities
and errors commonly associated with the use ofélagional structure
will be discussed.

20 OBJECTIVES

At the end of this unit, you should be able to:

o discuss the major attribute data model used in GIS
o identify the errors commonly made during attributatabase
creation.
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3.0 MAIN CONTENT
3.1 Relational Database M od€l

In a GIS environment, attribute data are commondyesl in a tabular

form. As earlier mentioned in Unit 1, there arei@as data structures or
models that could be used for attribute data filesluding hierarchical

structure, network structure and relational striestuHowever, the

relational model is the most commonly used type.

A relational database structure is simply a two-dimensional table made
up of rows (also known dsiples or records) and columns (also known
as domains, fields, or attributes). Each row contains a &ngecord
representing an entity or object, while a columntams an attribute or
characteristic of the entity. In vector data, tligliaonal data contains
attributes of the feature. For example, as illusttain Figure 4.9, a
building polygon may also have an identifier (IDalwe and other
information about it such as the name of the owter type of building,
street address, number of floors (if storey buddimnumber of flats,
colour, age (year built), etc. In raster data tled galue can store
attribute information, but it can also be used asidentifier that can
relate to records in another table.

In a GIS-based relational attribute table, thedBetould be of different
types. The field type affects the way GIS will rgnse and process the
data contained in the field. For instance, if théues (statistical figures)
in a field are meant for some arithmetic or mathteah calculations,
GIS will not be able to use the figures for sucleragpions if the field
was not created as a ‘numeric’ field. Hence, itdmees quite imperative
to accurately define the type of each field in #nkaute database during
the creation of the database.

The fields in an attribute database can be defased

Alphanumeric
Numeric

Date

Logic
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Table 4.9: Sample of a Relational Table
ID | Addres | Owne | Type | No Floo | No Fla | Occupie| ....
S r rs ts r
00 |5, Ulo| Chief |Duple |2 4 Owner
1 |Close, | B.C |Xx
Eluigw | Dede
e

Presently, the Relational Database Management i8y&&8MS) is the
most widely used commercial data management tool GiS
implementation and application. The relational DBNMSattractive to
GIS users for a number of reasons, including its:

Smplicity in organisation and data modeling
Flexibility - data can be manipulated in an ad hoc manner by

joining tables

. Efficiency of storage — proper design of data tables cancesdu
redundancy

. Queries do not need to take into account the internal msgdion
of data.

3.2 DataEditing

The accuracy and precision of the attribute datdbaoused for GIS
operations should be ensured. Hence, after crettimglatabase effort
should be made to check through the data for plessiibors. Any errors
detected should be promptly rectified. The commoors which one
can possibly make during the creation of an attelalata file include:

o Wrong spelling

o Improper definition of a field

o Omission of some vital details

o Wrong entry (e.g. keying in 17,018 instead of 18)10
40 CONCLUSION

In GIS a separate data model is used to store amtam attribute data.
This data model may exist internally within the G&tware, or may be
reflected in external commercial Database Managér8eftware such
as the DBMS. A variety of different data modelsséxor the storage
and management of attribute data. However, the modely used

attribute data model in GIS is theational database model.
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50 SUMMARY

Like the spatial data, the non-spatial or attribddéasets used in GIS are
usually designed, created and maintained using rtaicedatabase
model. There are different data structures or nwtielt can be used for
attribute data files, such as hierarchical strugtmetwork structure and
relational structure. However, the relational dasgbmodel is the most
widely accepted for managing the attributes of geplic data. The
relational database organises dattabtes. Each table, is identified by a
unique table name, and is organisedrbws (records) andcolumns
(fields). Each column within a table also has a unique naaodumns
store the values for a specific attribute, e.ge tage, tree height, etc.
Rows represent one record in the table. In a GaSh eow is usually
linked to a separate spatial feature, e.g. a mgldAccordingly, each
row would be comprised of several columns, eachmal containing a
specific value for that geographic feature. Gooacpce demands that
after creating a database and keying in the danasiit should be edited,
to identify and correct any existing errors.

6.0 TUTOR-MARKED ASSIGNMENT

1. Identify the errors commonly made during attributatabase
creation.

7.0 REFERENCESFURTHER READING

Uluocha, N. O. (2007)Elements of Geographic Information Systems.
Lagos: Sam Iroanusi Publications.

GIS Primer. http://gis.nic.in/gisprimer/analysis3.html (Retrieved on
2717/11).

96



ESM 407 MODULE 4

UNIT4  DATA QUALITY
CONTENTS

1.0  Introduction
2.0  Objectives
3.0 Main Content
3.1 Data Quality
3.1.1 Lineage
3.1.2 Logical Consistency
3.1.3 Completeness
3.1.4 Positional Accuracyl&recision
3.1.5 Attribute Accuracy anrkcision
3.1.6 Currency
3.1.7 Scale and Partial Regm
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
7.0  References/Further Reading

1.0 INTRODUCTION

Data quality has to do with usefulness of a setlata vis-a-vis the
intended use. It is a measure of the level of &ar-use of the data. It
is often necessary to ascertain the quality of tafare using it for a
GIS operation. One should always bear in mind tbputar slogan:
garbage in, garbage out. The quality of the data used in a GIS project
goes a long way to determining the success or wikey of the project.

In this unit, we will focus on examining the fadofor evaluating or
measuring the quality of geospatial as well asoatiie data.

20 OBJECTIVES
At the end of this unit, you should able to:

. discuss the parameters for assessing spatial data
. highlight the qualities of attribute data.

3.0 MAIN CONTENT

3.1 DataQuality

The quality of data is usually determined usingtasar criteria. The
criteria used to conduct quality assessment on §oditial and attribute
data are basically the same. Such criteria incllideage, logical
consistency, completeness, accuracy/precision, currency/timeliness, and
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scale (resolution). Each of the data quality assessment parameters is
briefly discussed as follows.

3.1.1 Lineage

This gives account of the origin or source of thead the date of
collecting the data, and the methods adopted ia daltection/database
creation. Knowing the source of data helps oneeiterinining whether
or not the data is reliable.

3.1.2 Logical Consistency

This is a measure of the degree of conformity térimal data structures
to specified data modeling rules. This measure ath chccuracy and
quality is normally applied to spatial data; itused to establish the
authenticity (or otherwise) of the data structureated for a data set.
Hence, the logical consistency search is carried touidentify any
spatial or topological errors in a spatial dataigtre such as incorrect
line intersections, duplication of lines or boundsy gaps in lines
(discontinuity), and so on.

3.1.3 Completeness

Measures the extent to which the data cover thellpopn of items of
interest. For instance, if there are 15,000 progeritn a Local
Government Area (LGA) and the database holds recirdonly 9,000,
the database is obviously incomplete.

3.1.4 Positional Accuracy and Precision

This index is used to determine the difference betwmeasured (or
observed or computed) location values (coordinates altitude) and
their true values. In other words, positional aacyrand precision is an
index that gives one an idea of how close a recbpisitional value is
to its true or generally accepted value.

3.1.5 Attribute Accuracy and Precision

This is the extent to which recorded attribute ealgorrespond to their
true or real world or generally accepted values.

3.1.6 Currency
This is a measure of the obsoleteness or up-taldess of data. By
considering or assessing data currency, one woeldlide to know

whether or not the data are recent and timely ¢upatte) in relation to
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the intended application. (It should be noted tht#t a piece of data is
out of date does not mean it is no longer usefaich data are often
essential to time-series or temporal analysis).

3.1.7 Scaleand Spatial Resolution

This deals with the degree of graphic represemtaifadetails about real
world features. Various GIS applications requirepped data at various
scales and hence spatial resolutions. Thus eftostuld be made to
ascertain if the available maps, air-photos, oelki imagery (paper or
digital) are at a scale suitable for the task atdhaFor instance, a
1:50,000 topographical map may not be ideal foremating detailed
site analysis and landscaping for the purpose obtcocting a petrol
station; a larger scale map, say 1:500, would beded for such a
purpose.

4.0 CONCLUSION

Data quality refers to the appropriateness of @tdata for an intended
use. Data that is appropriate for use with oneiegfpbn may not be fit

for use with another. The quality of any data sashibe ensured before
using it in GIS.

50 SUMMARY

Data quality is an important aspect of any piecalatf to be used in

GIS. Quality here can simply be defined as theefmfor use for a

specific data set. It is fully dependant on cerfa@nameters such as the
source, scale, accuracy, currency, completenessexedt of the data

set.

6.0 TUTOR-MARKED ASSIGNMENT

1. Highlight the qualities of attribute data.

7.0 REFERENCESFURTHER READING

Faiz, S. & Boursier, P. (1996). Geographic Data lQuafrom
Assessment to Exploitation.

Cartographica, Vol. 33, No.1, pp. 33-40.

Uluocha, N. O. (2007)Elements of Geographic Information Systems.
Lagos: Sam Iroanusi Publications.
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1.0 INTRODUCTION

Data is critical to the successful execution of &i% project. The data
must not only be available, but also accessibleteldeer, the available
data must be relevant, reliable and usable. Sayamal obtaining useful
data is often a major task. Various sources of daist. However, one
must be careful to properly assess the reliabdityany source before
making use of it. In this unit, we will try to idefy the various sources
and techniques of spatial and attribute data attguns for GIS
operations.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

o identify sources of spatial data
o identify sources of attribute data.

3.0 MAINCONTENT

3.1 Sourcesof Data

Generally, the data for GIS projects can be obthifrem primary

and/or secondary sources. Primary data are basittadl set of data
collected originally by the user. On other hand;oselary data is an
already existing data.

In Nigeria, there are a number of government agsnas well as private

enterprises that collect or retail spatial andidiaal data that could be
used for GIS projects. Some of such sources ofidatade:
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3.2

Federal Surveys Department (now Office of the Syowe
General of the Federation (OSGF)).

Various State Survey Departments.

National Population Commission (NPC).

Nigerian Meteorological Agency (NIMET).

Abuja Geographical Information System (AGIS).

Nigerian Geological Surveys.

National Space Research and Development Agency BNDXS.
Statistical Department of various Ministries.

Various Private Geoinformation Service Providers.
Research Institutes.

Sour ces of Spatial Data

Geospatial data can be generated from the followmgces/techniques:

Land or terrestrial surveys

Photogrammetric surveys

Satellite imagery

Aerial photographs (see Figure 4.10)

Global Positioning System (GPS) Reading
Existing maps (analogue or digital)

Existing digital boundary files, which usually camt geometric
description of administrative units

Geophysical data files

Digital environmental data files

Digital Elevation Model (DEM)

Gazetteer of Geographical Names (Place-names)
Postcode Directory

Google Earth

Fig. 4.10: A Gray-Tone Aerial Photograph
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3.3 Sourcesof Non-Spatial (Attribute) Data

Socio-economic statistical records
Questionnaire surveys

Census (demographic and housing) surveys
Market (customer) survey.

40 CONCLUSION

To a large extent, the source of data determineg)tiality of that data.
Given that there are several possible sourcestbfsuatial and attribute
data for GIS operations, effort should be madectpuae data only from
authentic and reliable sources.

50 SUMMARY

The spatial and non-spatial data used in GIS anallysacquired from
different sources and using different techniqueke Tata could be
obtained first-hand as primary data by the usert can be obtained as
secondary data from already existing sources. Magsal photographs,
satellite imagery, surveys, and official statidticecords are some of the
major sources of GIS data.

6.0 TUTOR-MARKED ASSIGNMENT
In a tabular form, identify sources of both spagiatl attribute data.
7.0 REFERENCE/FURTHER READING

Uluocha, N. O. (2007)Elements of Geographic Information Systems.
Lagos: Sam IroanusiPublications.
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1.0 INTRODUCTION

The field of cartography (map making) was the fosstrarea that GIS
readily found application. In fact, the earliestSG$oftware packages
were mostly used for map visualisation and analysiany consider

GIS to be an advanced form of digital cartographyday, the use of
GIS in undertaking various cartographic activities increasingly

becoming quite fashionable. Some of the cartogafumctions of GIS

are discussed in this unit.

20 OBJECTIVES
At the end of this unit, you should be able to:
o discuss the concept of visualisation

. identify the major cartographic uses of GIS
o highlight the advantages of GIS over paper maps.
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3.0 MAINCONTENT

3.1 The Concept of Visualisation

Maps have traditionally been used to explore théhe&IS technology
has enhanced the efficiency and analytical power traflitional

cartography. GIS have advanced tools for map layplacement of
labels, large symbol and font libraries, and irgees for high quality
output devices. As the scientific community recsgsi the
environmental consequences of human activity, d€hriology is
becoming an essential tool in the effort to underdtthe process of
global change. Map and satellite information sosircen be combined
in models that simulate the interactions of complatural systems.

Through a process known asualisation, a GIS can be used to produce
images - not just maps, but drawings, animationd,aher cartographic
products. These hot-linked images allow researdioedssplay and view
their subjects in ways that they never could befdree visualised
images often are helpful in conveying the technomadcepts of a GIS to
nonscientists.

3.2 Map Production

Researchers are working to fully incorporate thg+meaking processes
of traditional cartographers into GIS technology the automated
production of maps. One of the most common prodatta GIS is a
map. Maps are generally easy to make using a GiiStteay are often
the most effective means of communicating the tesaf the GIS
process. Therefore, the GIS is usually a prolifieducer of maps. The
users of a GIS must be concerned with the quafithe maps produced
because the GIS normally do not regulate commoriog@phic
principles. One of these principles is the conceptgeneralisation,
which deals with the content and detail of infornimiatat various scales.
The GIS user can change scale at the push of anhuiut controlling
content and detail is often not so easy. Mapmahkave long recognised
that content and detail need to change as the stdie map changes.

Another important aspect of GIS application in nmagking is seen in
the ability of GIS to combine maps with some otheeans of
communication. This is known as multimedia cartphsa and by
extension, multisensory cartography. In multimedatography, the
map is hot-linked with some relevant pictures, wugle text and
soundtracks relating to some of the mapped features hot-linked
items are usually not permanently visible on thepma other words,
one can hide and unhide them. Usually, by pointinglicking the move
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the mouse on a feature shown on the map, the miaedi items will
automatically pop up and then perceived.

3.3 3-D Cartographic Modelling

To realistically analyse the effect of the earte'main, we use three-
dimensional models within a GIS. A GIS can displing earth in

realistic, three-dimensional perspective views amdmations that
convey information more effectively and to widerdances than
traditional, two-dimensional, static maps. For epéemn if a mining

company seeks development rights to a mineral deppoa place, GIS
can be used to cartographically model the postigilandscape impact
by creating perspective views of the area to depeterrain as it would
appear after mining. The resulting model can gulde regulatory or
approving agency in deciding on whether or notramgthe approval.

3.4 Web Mapping

GIS is equally powering Web mapping. This involvesng GIS and
Web-enabled facilities to create and distributehbstitic and editable
(smart) maps via the Internet. Web Map Serverditate distribution of
generated maps through Web browsers using varmoptementations
of web-based application programming interfacesApdJJava, Flash,
etc.).

3.5 Advantagesof GISMap over Paper Map

Electronic map display in a GIS environment offesgnificant
advantages over the paper map, such as:

o ability to browse across an area without interrauptdy map sheet
boundaries
. ability to zoom and change scale freely

o ability to apply a filter to isolate a particulaype of data and
refresh to display only the selected data

o large amounts of cartographic data can be procegsielly and
displayed in different ways

o potential for the animation of time dependent data

o display in "3-dimensions" (perspective views), witeal-time"
rotation of viewing angle

o potential for continuous scales of intensity ane tise of color

and shading independent of the constraints of thatimg
process, ability to change colors as requiredrftarpretation.
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4.0 CONCLUSION

Traditionally, map-making is a cumbersome, techHhicdemanding
task. The application of GIS in cartography hasyéwmer, now makes
map production a much easier enterprise while at shme time
introducing unprecedented flexibility and econon®he advent of
digital mapping, powered by the GIS technology Wadened the scope
of map making and map use.

50 SUMMARY

Cartography is the art, science and technology ap-making, map
analysis and map use. The GIS technology now mékessier to
produce more accurate maps at a cheaper and fester The
compilation and creation of maps are greatly faddid by GIS.
Moreover, GIS also provides a robust means for alising and
exploring cartographic data. Web-enabled GIS egua#kes it possible
to create and distribute maps via the InternethWie aid of GIS, maps
can be hot-linked with pictures, videos and sowuls; this has given
rise to what is contemporarily known as multimedrad multisensory
cartography.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the concept of visualisation.
2. Identify the major cartographic uses of GIS.
3 Highlight the advantages of GIS over paper maps
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1.0 INTRODUCTION

All socio-economic activities of man take place owgeographical
space. In other words, every socio-economic agtofitman requires the
use of some form of geographical data. This explawy GIS easily
finds application in every conceivable socio-ecoimemndeavour. Some
examples are used in this unit to illustrate thétytof GIS in socio-
economic activities.

20 OBJECTIVES

At the end of this unit, you should be able to:

o highlight some areas of GIS application in managsuagial
amenities
. identify some application of GIS economic acti\gtie
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3.0 MAINCONTENT

3.1 Trangportation

A list of application areas of GIS to transport mgement may include
the following items:

Naming streets

House numbering

Street network analysis

Managing mailing lists

Vehicle routing and scheduling

Traffic congestion analysis and control
Development of evacuation plans

Address matching

Highway and other routes planning and design
Monitoring highway condition

Road maintenance

Road mapping

Accident analysis

Transport facilities inventory and management
Assessment of environmental impact of transpontatio
Air traffic control

Airport facilities mapping, monitoring and mainteca
Production of navigational and bathymetric charts
Planning and management of inland waterways
Monitoring rail systems

Siting of terminals (e.g. bus stops, motor parkfyay stations,
etc.).

3.2 Agriculture

The following are some of the specific agricultupabjects for which
the powerful GIS technology could be efficientlydaeconomically
used.

o Inventory, mapping and management of agricultuaatiparcels
(field units) and records.

o Mapping and management of agricultural biodiversity

o Provision of field-specific condition informatioroif precision
agriculture (farming).

o Mapping of crop patterns.

o Crop area identification and delineating crop-seliation.

o Estimating crop yield.
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Provision of accurate, relevant and timely inforioat for
effective agro extension services.

Monitoring of crop health and growth conditions.

Identifying the presence of pests and diseases.

Monitoring effects of pesticides and herbicides.

Agro-risk assessment and management (for Insureoropanies,
agro managers and agribusiness entrepreneurs).

Planning and implementation of mitigation measures.
Inventory of crops and livestock.

Agricultural land evaluation and classification.

Management of grazing fields.

Assessment of environmental impacts of existing ggojects,
or the likely impacts of proposed ones.

Monitoring crop and livestock production.

Measuring crop hectare age.

Determining harvesting system options.

Mapping soil characteristics.

Site selection for locating agricultural projectelanfrastructural
facilities.

Assessment of the impacts of changes in crop arebtbck
management practices.

Delineation of agro-climatic/ecological zones.

Valuation of agricultural land.

Soil suitability analysis.

Effective and efficient maintenance of crop calenda
Assessment of the environmental impact of variotspming
techniques and other agricultural activities.

3.3 Health

Some of the areas of GIS application in health ganeent are:

110

Mapping of disease locations and spread.
Location of health facilities.

Public health planning.

Health services delivery.
Planning/monitoring sanitary inspection.
Street cleaning.

Hazardous (toxic) facility siting.

Solid waste management and preparation of wastposhs
routes.

Selection of solid waste disposal sites.
Monitoring atmospheric pollution.
Mapping water pollution.
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Air pollution monitoring/control.

Wastewater management and disposal.

Water quality monitoring and management.

Sewage network design and tracking.

Analysis of access to health care providers anitities.

Spatial analysis of environmental, economic, pmditiand socio-
cultural causes of health problems.

Assessment of spatial and temporal distributioapdflemiology.
Mapping and management of healthcare facilities.

3.4 Mining and Minerals Production

Some of the key roles GIS plays in mineral producare:

3.5

Geological mapping.

Geological survey and analysis.

Mine planning and development.

Planning for mineral resources exploration.

Map integration of geophysical and geochemical esysy
Analysis of seismic data.

Locating oil wells (identifying suitable sites fadrilling oil
wells).

Inventory/Monitor oil wells/facilities.

Simulation and analysis of exploitation scenariasview of
environmental acceptability and economic viability.
Interpretation of subsurface data from boreholes.

Designing cost-effective and stable routes for afnd gas
pipelines.

Siting a refinery.

Siting fuel/gas stations.

Managing leases, wells, pipelines, facilities, itedatlets, etc.
Mapping and management of health, safety and emviemtal
concerns.

Mapping the distribution of oil, gas and solid nmaleresources.

Business M anagement

The GIS technology can be used to accomplish thewfimg activities
in business management:

investment analysis

locating businesses (e.g. shops and supermarkéisg do
customers

siting of industries
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selection of shortest path (i.e. the best rout¢Herquick delivery
of goods and services)

o travelling salesman scheduling/routing

o inventory/monitoring business outlets

. market survey and business investment analysis

o spatial analysis/simulation of consumer behaviour

o analysis of customer population and distribution

. customer services

o managing mailing lists (addresses of customers)

o defining service boundary or sales territory

J advertising.

3.6 Education

The application areas of GIS in education inclumg,not limited to, the
following:

o research and training

. teaching and learning

o career outlet for graduates

o geographical analysis and simulation modelling

o mapping and management of school facilities

o library management

o mapping and analysis of the distribution of theegaties and

3.7

population of teachers and students
illustrating/reporting results of research works
consultancy services.

Population and Housing Census

Some of the possible areas of GIS application & pnd post-census
activities and census data handling include:
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assessment of total workload

estimation of the amount of human and materialuess needed
for a survey

Delineation of Enumeration Areas (EAS)

distribution of enumerators’ and supervisors’ woed

census database management

spatial and aspatial census data querying anevatri

spatial aggregation and cross-area referencingresus data
integration or spatial overlay of census data vatime other
relevant geo-referenced data layers

geostatistical analysis of demographic variables
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three-dimensional modeling of census results
production of thematic maps of census variables
publication of population atlas

updating of census data

inter-censal population estimation.

3.8 Electoral Administration

Some of the more specific tasks that could be aptished using the
GIS technology before, during and after an electianlude the
following:

3.9

locating polling places

tracking voter turnout, voting methods, as well asalysing
election results

assigning polling staff to polling places

thematic mapping of real-time election results

voter education (GIS allows registered voters toceas
information such as their assigned district, pgllincation, and
election results from a computer linked to thernmés).

delimiting boundaries of electoral districts as veal redistricting
and re-zoning

maintaining voter registration files

mapping voters' locations

relaying of information on the collection, distritan and
verification of ballot boxes and other voting médés.
post-election creation of an electoral atlas

updating voter registration files.

Tourism

The GIS can be very useful in the following broaematic areas of
tourism development and management. These ardadenc

conservation of endangered species

wild and scenic rivers preservation

park and recreation planning/management

wildlife habitat and migration route management
monitoring and forecasting natural disasters
assessment of tourism-induced environmental prablem
management of tourist site records

production of tourist Guide maps

mapping tourism facilities

tourism land allocation/zoning
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o modelling the capacity of individual tourism sités attract
tourists.

4.0 CONCLUSION

There is geography in every human cultural, soaltipal and
economic activity. Consequently, the GIS technologgs found
usefulness in the conduct and management of datlyitees of man
taking place within any given geographical spacéS @rovides the
much needed geospatial information for sound datisnaking in the
planning, execution and monitoring and evaluatiérsacio-economic
activities.

5.0 SUMMARY

GIS is a powerful tool for managing human sociorepuic activities
such as tourism, agriculture, mining, mineral exgifion and extraction,
population census, electioneering, provision of imoamenities,
education, transportation, business administratiangd so on. The
mapping, modelling, allocation, development and ag@ment of every
space-based activity of man require up-to-dateyrate and relevant
geo-referenced information. GIS makes it possibleobtain and use
such information as quickly as possible.

6.0 TUTOR-MARKED ASSIGNMENT

1. Identify some application of GIS economia\aties.
2. Highlight some areas of GIS application in ngng social
amenities.

7.0 REFERENCESFURTHER READING

Martin, D. (1996). Geographic Information Systems. Socioeconomic
Applications. (2nd ed.). London: Routledge.

Peters, A. & MacDonald, H. (2005)nlocking the Census with GIS
Redlands: ESRI Press.

Uluocha, N. O. (2007)Elements of Geographic Information Systems.
Lagos: Sam Iroanusi Publications.
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UNIT 3 ENVIRONMENTAL AND NATURAL
RESOURCES MANAGEMENT

CONTENTS

4.0 Introduction

5.0 Objectives

6.0 Main Content
3.1 Emergency Response Planning
3.2 Natural Resource Based Application
3.3 Environmental Management

4.0 Conclusion

5.0 Summary

6.0  Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

Issues relating to environmental challenges andurahtresources
analysis and management are increasingly beingrmptite front burner.
The power of GIS as a veritable tool for environtaérand natural
resources management has long been recognisede Heany agencies
involved with environmental management, emergenoyg aisaster
management as well as those engaged in naturaliroesoplanning,
development and management are turning to GlSskisi@nce.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o discuss the application of GIS in the management of
environmental challenges

o highlight the usefulness of GIS in natural resosntenagement

o identify the role of GIS in disaster management.

3.0 MAIN CONTENT

3.1 Emergency Response Planning

In particular, GIS can assist emergency handlers in
o planning emergency evacuation routes

o determining possible areas of influence of an grdied
imminent natural disaster

115



ESM 407 GEOGRAPHIC INFORMATION SYSTEMS

o provision of Early Warning information about an iemaling
disaster

selecting suitable site for relocating evacuees

search and rescue operations

design and development of emergency and safetg plan
prompt and effective allocation and distribution @&sources
(relief materials)

estimating emergency response times

fire prevention systems

natural hazard monitoring

estimation of damages.

3.2 Natural Resource Based Application

One of the major areas of application of GIS isurdlt resources
management and environmental impact analysis atioal to:

wildlife habitat

wild and scenic rivers

recreation resources

floodplains

aquifers

wetlands preservation

natural resources inventory/monitoring
desert encroachment control

erosion and flood control

conservation of endangered species.

Today, biologists use collar transmitters and tgeleceivers to track

the migration routes of caribou and polar bearsaip design programs
to protect the animals. In a GIS, the migrationtesuvere indicated by
different colors for each month for 21 months. Reskers then used the
GIS to superimpose the migration routes on mapsilofievelopment

plans to determine the potential for interferendt the animals.

3.3 Environmental Management

Some of the areas of GIS application in environmlentanagement
include:

o mapping ecological disasters (e.g. soil erosiomoding,
desertification, landslide, bush fire, etc.)

. hazardous (toxic) facility siting

o solid waste management and preparation of waspeshs routes

o selection of solid waste disposal sites
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monitoring atmospheric pollution

mapping water pollution

air pollution monitoring/control
wastewater management and disposal
water quality monitoring and management
sewage network design and tracking
identifying deforestation and its effects
mapping the distribution of Greenhouse gases
assessment of environmental quality
environmental modelling

environmental impact assessment (EIA)
formulation of environmental regulations
environmental auditing.

40 CONCLUSION

The management of the physical environment andralatasources is
crucial to the survival of man. The timely availdi of useful geo-

referenced information makes it possible to ingeltitly manage our
environment and resources. The GIS, coupled whbrageoinformation

technologies such as digital cartography, remotsieg, and GPS, can
be used to equip management with valuable infoonathus acting as a
decision support system in handling environmentall aesource

management issues.

50 SUMMARY

There is a wide range of GIS application in hargllenvironmental
issues including environmental resource analydemrpng, allocation,
development and management. Also GIS is a verynpdiaol for
environmental impact study. GIS can be used to fs®hsitive
environment that need protection strategies reggrgollution or any
other form of degradation. In another developmé&itS may allow
emergency planners and managers to easily handlehsand rescue
operation. For instance GIS can be used to quicklgulate emergency
response times and the movement of response resofioc logistics) in
the case of a natural disaster.

6.0 TUTOR-MARKED ASSIGNMENT
1. Identify the role of GIS in disaster managetmen

2. Discuss the application of GIS in the managemef
environmental challenges.
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7.0 REFERENCESFURTHER READING
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UNIT 4 FACILITIESAND LAND MANAGEMENT
APPLICATION

CONTENTS

1.0  Introduction
2.0  Objectives
3.0 Main Content
3.1 Facilities Mapping and Management
3.2 Street Network Based Application
3.3 Land-Use Planning and Management
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Arguably, one of the most popular uses of the @&hnology is the
management of land and physical infrastructurailifiés. Many land
administrators as well as facility managers hawébin GIS a worthy
tool for the effective and efficient discharge bkir responsibilities.
With some examples, we will highlight in this umiite role of GIS in
facilities and land management.

20 OBJECTIVES

At the end of this unit, you should be able to:

o discuss the role of GIS in physical facilities meygp and
management

o highlight the application of GIS in handling streeetwork
information

o identify possible land use management applicatidals.

3.0 MAINCONTENT
3.1 FacilitiesMapping and Management

One of the largest areas of GIS application hasn beefacilities
mapping and management. Uses for GIS in this aaea imcluded:

. mapping the locations and distribution of faciktie
o locating underground pipes and cables for mainteman
o balancing loads in electrical networks
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o planning facility maintenance
o tracking energy use.

3.2 Street Network Based Application

GIS has been found to be particularly useful indtag information
based on street-networks for different purposeh ssc

address matching

vehicle routing and scheduling
location analysis or site selection
development of evacuation plans
disaster management.

3.3 Land-Use Planning and M anagement

Local, state, and federal governments have fourgigarticularly useful
in land management. GIS has been commonly applieccasdike:

zoning

subdivision planning and review

land acquisition

create and update land-use maps

display vacant or marginal lands

analyse land accessibility

identify areas of land dereliction

inventory present land uses

monitor and analyse changing patterns of land-use
assess suitability of land for different forms sku
manage records of land ownership

facilitate land-use analysis, planning and allarati
identify areas suitable for further physical deysh@nt.

4.0 CONCLUSION

Proper management of land and infrastructural ifessl requires the
availability of timely, accurate and specific infeation. The GIS, more
than any other technology, helps land and facitignagers to promptly
obtain useful information for quick decision makirend project
execution.
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50 SUMMARY

Land administrators and facilities management congsarely heavily

on geographically-referenced data to effectivelyrycaut their duties.

Hence, they are increasingly turning to GIS to nmbeir informational

needs. With the GIS various operations relatinglaond resources
mapping, analysis, planning, allocation and devalept can easily be
carried out. Similarly, the GIS greatly facilitathe mapping and
management of various physical infrastructurallitzes.

6.0 TUTOR-MARKED ASSIGNMENT

1. Briefly discuss the role of GIS in physicatifdies mapping and
management.
2. Identify possible land use management apjdicaif GIS.

7.0 REFERENCESFURTHER READING

Dale, P. F. & McLaughlin, J. D. (199@)and Information Management:
An Introduction with Special Reference to Cadastral Problemsin
Third World Countries. Oxford: Oxford
University Press.

Nappi, M. F. (1990). Growth of Geographical Infotina System
Applications in Developing Countries. In: H. J.h8tten & J. C.
H. Stillwell (Eds), Geographical Information Systems
for Urban and Regional Planning. Dordrecht: Kluwer Academic
Publishers, pp. 69-76.

Uluocha, N. O. (1998Mapping for Utility Management in Nigeria. In:
O. Y. Balogun & N. O. Uluocha (Edsfartography and the
Challenges of the 21st Century in Nigeria. A
Special Publication of the Nigerian Cartographisdéd@ation.

Uluocha, N. O. (2007)Elements of Geographic Information Systems.
Lagos: Sam Iroanusi Publications.
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UNITS GISIMPLEMENTATION ISSUES
CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1 Requirements for GIS Implementatio
3.2 GIS Implementation Problems
3.3 Challenges of GIS ImplementatiomNigeria
3.4 Strategies for Enhancing Succé$3f8 Implementation
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

As already noted, GIS is a multi-faceted system mising hardware,
software, data, people, and methods. For GIS taskd it has to be first
implemented. Implementation has been described hes dct of
combining the technology with people and methods
(http://lagic.lsu.edu/gisprimer/phased_implemeptatasp).

The key to developing an effective Geographic Imfation System

(GIS) solution is taking the time to develop a pthat fully meets the
business needs of the prospective user. Full Gt&bedae development
should follow a proven, formal design process tnidy the end-user’s
requirements. This among other things, requirescutating and

comparing the value of alternative options, defittee detailed

specifications of the database, and set up ther@gsgmeasurement
tools, quality control procedures and delivery atigs to meet the
user’s needs.

There are often challenges associated with buildinguccessful GIS.
This makes it quite imperative engaging the sesvioé experts who
have sufficient experience in GIS design and dataversion and who
can also provide assistance throughout the impl&atien process.
Moreover, expert assistance will be required invygiog all the
necessary training and technology transfer to hbk organisation
maximise their investment in GIS.

This unit provides an overview that explains thepstand activities
involved in developing, building, and managing aSGThe issues
discussed include: planning a GIS program or ptpjeequirements
analysis, system and database design, determinmly specifying
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system components, determining resource requirandeieloping an
implementation plan, managing GIS implementatiomcpring GIS
products and services, data development, systetallaion, and GIS
operations management. GIS implementation succas®r§, trends,
and challenges are also discussed.

20 OBJECTIVES
At the end of this unit, you should be able to:

o highlight the requirements for effective GIS implemation

J identify the potential general problems of GIS iempkntation

o discuss some specific challenges of GIS implemematn
Nigeria

J examine strategies for improving GIS implementation

3.0 MAIN CONTENT
3.1 Requirementsfor GISImplementation
In a nutshell, the GIS implementation process imeslthe following:

Functional Requirements Analysis
Feasibility Studies

Database Modeling

Implementation Planning

Data Migration Planning

Application Design and Development
Systems Integration Design

Project Management

Implementation and User Training.

The implementation of GIS in an organisation iselanphases. On the
basis of the above listed activities, the techniapproach to GIS

implementation could be divided into three broadagg@s namely,

Planning, Design, andOperational (Installation and Execution). Putting
the implementation process in phases allows ak@spof the project to

be thoroughly accounted for. The overall technaggdroach is shown in
Figure 5.1.
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Gl S Implementation Planning

The Planning phase is a feasibility study and daeisnaking stage.
Activities that could be undertaking at this phaszude:

development of a strategic plan

identification of goals and objectives

appraisal of current situation: tasks, users, datd,data flow
review of the experience of others

identification of user requirements

assessments, e.g. cost-benefit analyses and pletcp
choice of implementation strategy.

Awareness - this involves:

o Introducing/sensitising/selling the GIS to the angation

o Reasons for considering a GIS?
- Data management issues
- Data retrieval & manipulation issues

. Obtaining the support of management and staff fouryGIS
proposal.
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System Requirements

o Identify components of your organisation
- Data Input and Output
- Procedures and Policies
- Applications
- Users
o Functional Requirements
- Identify Current Technology
- Identify Current Users
- Identify Current Tasks
o Current System Analysis
- Data quality and completeness
- Hardware scalable?
- Recommendations

Perform User Requirements and Needs Analysis:

o Study — written survey, interviews, document reviemap
utilisation cross-reference chart, review of exigtinformation
system

o recording organisational goals, objectives, andtions

o identifying facilities and entities

o Data Source

o Primary Applications

o Identify Users

o Deadlines

Situational analysis:

o This involves a study of organisational internaatienships and
atmosphere, positions and attitudes of potentiatrsusand
influential stakeholders

Strategic Planning:

Method of introduction

What is to be automated and when
Level of investment, budget, financing
Data flow and policies

Project organisation

Personnel and training
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Establishing Long-range Planning Objectives:

Potential applications -prioritised for implemeiat
Max organisation-wide benefits
Resources

Cost-Benefit Analysis:

Purpose: Improve the basis for decision, increasétpincrease

economy consciousness, improve planning

Impact on: ranking of projects, further consideras/planning,

adaptations for increased benefits, ranking oftemig internally,

final decision

Costs: planning, establishment, operations and teramce

Benefits:  resources, products and services, effect

(communication, less work); intangible benefits

System Cost / Expense Analysis

- What to Purchase? (Hardware, Software, Data, aaff St
Training)

- When to Purchase?

- What are the costs?

- Hardware Conversion

- Software Conversion & Training

- Data Conversion

- Where is the funding source?

Design and Development Phase
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Database design

Selection of hardware and software
Application Design and Development
Data conversion and

Technology upgrades

Systems Integration Design

Application Development

- Purpose

- Goals

- Methods

- Procedures

- Instructions

Data Conversion/Development

- Quality Assurance/Quality Control (QA/QC)

- Accuracy Issues

- Metadata (information about database and data Jtems



ESM 407 MODULE 5

o Specify System Maintenance
- Technical Support
- Product Upgrades
- Application trouble-shooting

Operational Phase

Implementation Approach: Define & Implement Procedutaking into
consideration the following:

o Updates/Upgrades
- Hardware Upgrades
- Software Updates
- Training
- Data Management
o Actively Promote GIS to remind all of benefits. $@nsures that
organisation is constantly aware of budgetary needs
o Establish Security & Accountability
- Develop information distribution and accessibility
policies, taking into consideration the technickdgal,
economic, and political implications of distributio
o Decide on Method of Introduction/Implementationsgétem
- Pilot project followed by main project
- Massive introduction in one main project
- Gradual introduction in defined phases

It should be noted that before finally installimgtegrating and operating
the GIS in the organisation it is usually advisableéest-run the system
through a pilot project application. To run a piwbject:

Develop complete dataset for small study area

Test feasibility of applications

Refine cost/benefit estimates

Demonstrate system capabilities

Determine user acceptance

Select implementation methods

Spark users’ imagination

Evaluate the system

Report Results (Here details of failures and cdiwas are
necessary).
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3.2 GISImplementation Problems

Certain problems can actually challenge the subdessloption and
implementation of the GIS technology in an orgatosa Such
problems must, therefore, be identified and thonbpgddressed before
attempting to fully introduce GIS into the businedsan organisation.
Some of such problems are presented below; additissues can be
sourced at Uluocha (2007) ahtdp://dusk.geo.or st.edu/buffgis/imp.html.
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Resistance to Change

many organisations are conservative

resistance to change has always been a problem in
technological innovation

change requires leadership

initial followers of the proposed system are reedir
within an existing department

commitment of top management and individuals within
departments is also required

despite economic, operational, even political athges
of GIS, the technology is new awdtside the experience

of many senior managers

leaders take great personal risk

ample evidence of past failure of GIS projects

initial missionary is an obvious scapegoat foruial

Over-Emphasis on Technology

planning teams made up of technical staff will eagbe
technical issues in planning

perhaps they will ignore managerial issues

planning teams often forced to deal with short-tessues

perhaps no time to address longer-term manageis&rgs

Rigid Work Patterns

it may be difficult for the planning team to foees
necessary changes in work patterns

a formerly stable workforce may be disrupted., some
jobs may disappear!

or some jobs may be redefined, e.qg., drattadf
reassigned to digitizing

some staff may find their new jobs too dediag e.g.,
former keyboard operators may now need to dobdst
guery operations.

drafting staff may need computing skills pegpl
comfortable in their roles will not seek changg.,epeople
must be persuaded of benefits of change through
education/training.
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o Organisational Inflexibility
- planning team must foresee necessary changes in
organisation hierarchy, organisations wiring diagra
- departments that are expected to interact and ageha
data must be willing to do so!

o Decision-Making Procedures

- many GIS projects are initiated by an advisory grou
drawn from different depts.

- adequate for early phases of acquisition but mwest b
replacedby a group with a more well-defined decision-
making responsibility

- usually painful to give a single department autiyori
(funds must be reassigned to that department),thist
usually assures a higher rate of success.

o Decision-Making Procedures
- e.g., many states have assigned responsibility Gt
operation to a department of natural resources
- consulting is then mandated from related user dejesuts
through committees
- project may be derailed if any important or infltiah
individuals are left out of the planning process!

J Assignment of Responsibilities
- subtle mixture of technical, political, and orgaatisnal
issues
- typically made on technical grounds
- then modified to meet pressing political, organcsal
issues

o System Support Staffing: at a minimum, a multi-userS

requires:

- a system manager responsible for day-to-day operati
staffing, financing, meeting of user requests

- a database manager responsible for database design,
planning data input, data security, database iityegr

- staff for data input, report production, applicaso
programming staff for initial development, althoutjiese
may be supplied by the GIS vendor. Management neay b
tempted to fill these positions from existing staithout
adequate attention to qualifications. However, the
personnel department might be unfamiliar with tla¢ure
of positions, qualifications, and salaries of tleguired
GIS personnel.
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3.3 Challengesof GISImplementation in Nigeria

Within the Nigerian context, there are particulaakkenges that often
affect the smooth implementation of GIS. Issuetha implementation
of GIS in Nigeria have received some measure ehttin (Balogun &
Uluocha, 1998; Uluocha, 1999, etc.).
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Low awareness. Despite the fact that GIS has been in use in
Nigeria for more than three decades, the generzl l®f
awareness of the technology in the country is sgitively low
when compared to what obtains in some other Afrimaumtries.
Many government officials, politicians, captains ioflustries,
and other top-notch decision-makers are eithellyagmnorant of
the existence of this technology or not sufficigrativare of what
the technology is all about and what it can acyualb. This
general low level of awareness of the GIS technoleghin the
Nigerian society has equally meant low degree @p#dn and
implementation of the technology throughout the ntou
Currently, only a handful of government ministrgemiastatals
could be said to be GIS compliant. The use of GI8re in the
private domain where we have a sizeable numbend¥iduals,
educational and research institutes, as well aspocate
organisations using the technology in their varibusinesses.
Data issues. The country is lacking in geo-referenced datasiMo
of the existing analogue National map series agaifscantly
outdated. For instance, most of the existing copfate Nigeria
1:50,000 topographic map series, which is the ncoshtmonly
used map in the country, were produced more thae thecades
ago. One attempting to use available mapped datasrcountry
for GIS operations would soon be disappointed maol out that
much of the data fall short of the positional, iatite and
temporal accuracy, just as a significant portiorthef data items
lack completeness (Uluocha, 1997 and 2000). For, mow can
only hope that with the country embracing the sgacénology,
following the launch of the country’s first rematensing satellite
Nigeria-Satl in 2003 and the proposed launch ofeNegSat2
and Nigeria-SatX sometime in 2011, that the probtérshortage
of geospatial data for GIS operations in the countill be
significantly addressed.

Lack of a functional National Geospatial Data Infrastructure
(NGDI). This problem is further worsened by the non-existe
of an operational Freedom of Information (Fol) lawrobust Fol
will greatly enhance access to relevant, timely aseful data for
executing GIS projects.
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o Economic consideration: The implementation and maintenance
of a GIS is usually an expensive venture. Thusemithe
economic realities of a developing country suchiNageria, cost
consideration becomes a critical factor when coptatimg large-
scale implementation of GIS (Balogun and Uluoch898).
Presently, the cost of spatial data acquisition angbmation in
the country is rather prohibitively high.

3.4 Strategiesfor Enhancing Successful GIS Implementation

To ensure the success of any GIS implementatiojegiroertain factors
or conditions are required. Foley (1988), Forresil€1990), as well as
Croswell (1991) have all identified certain crifickactors that can
facilitate GIS implementation success. The succésstors are
summarised below.

o Involve the management

- management must take a more active role than just
providing money and resources

- support implementation of multi-disciplinary GlStes

- help to develop organisational strategies for ¢ngss
internal political boundaries

- support interagency agreements to assist in daengh
and data acquisition

o Training and education
- staff and management must be kept current in the
technology and applications short-term courses,
conferences trade and academic journals

o Continued promotion
- project staff must continue to promote the ben@it&IS,
even after it has been adopted
- ensures continued financial and political support
- projects should be of high quality and value
- high profile projects often gain public support

. Responsiveness
- project must be seen to be responsive to user@snee
continue to explore ways to make GIS quick anccigffit
to use user interfaces task automation

o Implementation and follow-up plans
- carefully developed implementation plans
- plans for checking on progress

131



ESM 407 GEOGRAPHIC INFORMATION SYSTEMS

- both necessary to ensure controlled management and
continued support

- follow-up plans must assess progress

- need check points for assessing this. . .

- audits of productivity

- perhaps study of costs and benefits

40 CONCLUSION

Successful implementation of GIS requires planrilmg project before
its actual implementation. Planning leads to a epefitructure and
organised system. More so, the system should hgréskto meet the
informational needs of the user. Once in place, fyem should be
regularly maintained.

50 SUMMARY

The life cycle of a typical GIS is composed of fenain phases namely
planning, design, installation/implementation andaimtenance. A

planning process is the first stage in the lifeley@his phase involves a
systematic review of users, their data, and thdormation needs. The
design phase matches user needs to GIS functypnBlsign includes

not only selection of hardware and software, bab dhe design of the
GIS spatial and attribute database. During the emgintation phase,
attention to all user needs must be provided throtrgining and

education. Finally, a GIS application must be nmmgd and kept
current in terms of data and user support. In Négarge-scale adoption
and implementation of the GIS technology is oftéraracterised by
certain challenges. Such challenges include lowremess, shortage of
data, and shortage of funds.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss some challenges of GIS implementatidvigeria
2. Examine strategies for improving GIS implemantat
3. Highlight the requirements for effective GIS impentation.
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