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SOME CONSIDERATIONS IN THE
DEVELOPMENT OF GIS DATABASES

INTRODUCTION
G eographic Information Systems have
evolved and developed in the major
industrial countries. Socio-economic condi-
tions, political and administrative frameworks
support thedevelopmentof spatial databases
and the successful implementation of Geo-
graphic Information Systems. While the in-
formation revolution that lead to the devel-
opment of this new trend is emerging in
developing countries, in transplanting the
technology, there are several factors that
need to be considercd. In North America and
Europe where the technology was originally
developed, it took about 30 years 1o evolve to
the current growth' of GIS. Introducing GIS
or database concepts into developing coun-
tries which are culturally, socially, economi-
cally and politically different from devel-
oped countries, needs to be done with care,
otherwise itcan be an expensive or a frustating
process.

Socio-economicrealilies and priorities in
developing countries are different from those
of industrialized countries. As Taylor (1991)
indicates, GIS and database development
should respond to those realities and priori-

“ties. Implementation of a GIS and database
development is very expensive and mainte-
nance of software and hardwaré may be
obstacles in the full realization of GIS
potentials. Therefore, after the initial intro-
duction, GIS and database development
should continue within a sustainable frame-
work. While international agencies can play
amajor role in transferring the technology to
developing countries, local experts should
address the issues of data compatibility, user
interface development, and make the
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Design.and development of a spatial

. database requires several factors such
as data needs, data compatibility, and
‘supportive technical and administra-
tive framework. While the applicabil-
ity of these techniques to resource
management is being realized in devel-
oping countries, are in adisudvantaged
position in relation to the most of the
factors. The technology can be trans-
ferred butthe framework thatsupports
the existence of that technology should
be developed within the society. This
paper examines these issues facing
developing countries in the design and
implementation of GIS data bases and
suggests possible solutions.

knowledge available to the general user.

Adopting GIS technology by a planning
agency or research organization cannot be
considered as the solution to problems. The
GIS should be viewed as a tool required to
solve the problems which are spatial in na-
ture. As the relevance of GIS to developing
countries have been addressed elsewhere
(Batty, 1990; Yapa, 1988; Yapa, 1991; Yeh,
1991), this paper limits its scope to the issues
related to database development.

DEVELOPMENT OF SPATIAL
DATABASES

Geographic Information Systems are
computer systems that can input, hold, and
manipulate data describing locations on the
earth’s surface. It can assist in solving
complex planning and management prob-
lems and can be an integral part of manage-

ment and conservation of resources in de-
veloping countries. Development of a GIS
database is one of the key elements that
determines the success of any GIS. Spatial
database concepis are central to GIS and
differentiate GIS from other computer map
drawing packages (Rhind, 1989).

Whether it is in developed or in develop-
ing countries, designing a spatial databasc
involves several steps. Once the goals of a
particular GIS system arc determined, spa-
tial data and attribute information of the
objects are acquired and converted intodigital
format, and the relationship between spatial
and attribute data established. The database
should be manageable in terms of technical
and institutional cost considcrations, should
consist of data that satisfy common nceds of
many users, and should be structured to
maximize its utility (Johnson, 1989). When
designing the databasc, Johnson identifies
eight-step process which is outlined below:-

1. Evaluate current and future needs of the
user community

2. Inventory current digital data holdings

3. Performquality assessmentof digital data
holdings.

4. Consider future application demands.

5. Identify the most critical data to be stored
and prioritize the remaining data for stor-
age consideration.

6. Develop data organization strategy.
7. Implementation plan.

8. Perform implementation of the database.
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Proper organization is an essential part of
the successful implementation of a database.
Databases should not be developed to per-
formaparticular application and should have
long range objectives with the ability to
integrate withotherdatabases and other GISs.
Asitis very expensive and difficult to main-
tain huge amounts of spatial data, only the
required data need to be computerized. Fur-
ther, Chambers (1989) lists some of the major
factors that influence a GIS database design,
such as data needs of the applications that
will be developed, availability and format of
existing datarequired to support the applica-
tions, update and maintain procedures, size
of the database, hardware platform/con-
figuration, organizational structure of the
users and facility, budget, and management
support. This indicates that database design
alone is an integral part of a successful im-
plementation of a GIS.

SPATIAL DATABASE
- DEVELOPMENT ISSUES IN
DEVELOPING COUNTRIES

GIS database development has been a
problem at developing countries, and in the
1989 International Conference on Geo-
graphic Information Systems Applications
for Urban and Regional Planning, concem
was expressed about the way GIS were being
implemented in developing countries and
Edralin (1991) indicates that it was perhaps
a reflection of the current situation. The
issues related to database development can
be due to problems with the data to be used,
ortotechnical, economic, administrative and
management jssues.

In a spatial database, both attribute and
spatial information on certain objects are
encoded according to some database struc-
ture and the relationship between different
themes are established. Todothis, datashould
be collected and encoded objectively. In
general, as much as 80% of all information
held by government agencies are spatially
referenced (Franklin, 1992) but most of these
data are still in paper map form (Evans,
1989) and in most cases, they were not col-
lected objectively. In addition, they do not
have socio-economic and other attribute data
associated with spatial data. Therefore, it is
difficult to maintain or update, and because
of the incompatibility of the maps produced
by differcnt agencies, data can rarely be
coordinated or integrated. In most cases,
maps are not complete or have outdated
information with poor accuracy. Referring
to the African situation, Hastings and Clark

(1991) say that database development needs
to start from nothing.

Most of the GIS programmes include
relational database management (RDBM)
capabilities. They are used to manipulate
both spatial and non-spatial (attribute) data.
However, GIS software generally do not
come with RDBM software such as Dbase,
Oracle, Rbase, Paradox, and Fox base
(Pittman and Thrall, 91). In many cases, data
need to be transfered back and forth between
GIS software and RDBM software. When
selecting a particular dbase system for data-
base development, it is important to explore
the compatibilities with existing software as
well as interface capabilities with other
popular existing software such as Quattro
Pro or any spreadsheect formats.

Standardized spatial information helps
data transfer, minimizing the cost incurred in
duplicate data encoding, improves the qual-
ity, reliability and accuracy of both spatial
and non spatial data. However, data stand-
ardization and integration are still mojor
issues even in industrialized countries. Dif-
ferent agencies or states use different classi-
fication schemes so that the same object may
be classified differently. The impact of in-
compatibility of data is severe in developing
countries where funds to develop diverse
databases for specific applications are limited.
Another factor that limits the data transfer is
the data security and the authority. Some
agencies are reluctant to share data they
possess and do not want to take the burden of
updating information. This may be because
some data need to be protected because of
their confidentiality, but there arc no clear
guidelines on which data should be kept
confidential or how data disiribution can be
managed.

There are also some technical problems
associated with database development in
developing countries. When Geographic In-
formation Systems were introduced to de-
veloping countries, it was done within a
technical environment and initial expecta-
tions were too high (Hastings and Clark,
1991). In most cases the goals were not
achieved due to technological problems. A
Geographic Information System integrates
data, computers, software programs, database
structures, the skill of the users and technical
problems can be incurred at any of these
levels. These may be related to the software
interface, data format incompatibility, or to
hardware problems. In a developing country
such a problem can hinder the database de-

velopment and GIS implementation for
several months.

Lack of basic guidelines in database de-
sign and base map production have caused
problems when GIS are being introduced
into adeveloping country. Base mapproduc-
tion is also hindered by lack of standardized
geo-coding system. Suitable case studies and
literature are generally difficult to obtain and
software manuals do not help the user in
applying the software to aparticular problem.
Much software is not user friendly (Scholten
and Padding, 1990) and often manuals are
difficult to comprehend without a sufficient
technical knowledge.

The problems associated with GIS de-
velopment are compounded by management
issues. Yeh(1991)identifies lack of staff and
management support and staff training as
some management issues. Without the sup-
portof alllevels of management, the database
development, and often, theentire GIS project
can be threatened.

GIS AND DATABASE
DEVELOPMENT WITHIN A
SUSTAINABLE STRATEGY

GeographicInformation Systems willnot
be the answer to all questions in developing
countries. But, if properly used, it can be an
efficient tool in assisting decision making.
The decreasing cost of computers makes
GIS more affordable indeveloping countries.
International agencies such as UNCRD,
UNESCO, UNCHS, IDRC, World Bank,
ADB provide funds and technical expertise

in transferring technology but GIS and data-
base development needs to be achieved
without external dependency. Intenational
agencies and expertise play a major role in
troducing the technology butthe environment
that supports the technology should be de-
veloped within the society. Local technical
expertise, training, research, user interface
development, user education, a data man-
agement strategy, and the realization of GIS
application potentials within their socio-
economic priorities are required for the GIS
project to be successful.

In the first instance, when adopting the
technology, Geographic Information Sys-
tems and database development should not
be viewed as a technological introduction.
As a problem solving tool, GIS is highly .
appropriate to developing countries and it
can drastically reduce the cost of data gath-
ering, providing accurate information, and
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guide decision making. Before designing the
database, it is important to have a clear idea
about the application areas where GIS can be
used, aims of the application, type of output
expected once the project is completed, and
who will be using the information. For cx-
ample, GIS may be applied within regional
andlocal planning framework tostudy ground
water potential, open grazing, decreasing
vegetalion cover, erosion modelling,
salination studies, urban expansion, habitat
monitoring, and suitability analysis for ag-
ricultural crops. Accordingly, database de-
velopment should be undertaken and the

expectations should be achievable. Once the .

database is installed, itis reasonable to allow
approximately 9-12 months before the full
realization of potentials. It is advisable to use
the GIS and database to produce some the-
matic maps before undertaking any projects
which require spatial analysis.

Expert assistance may be required at the
initial stages of database development and
base map production. However, this will be
of limited use if the nature of spatial data, and
associated attributes are not relevant to the
socio-cconomic framework of the commu-
nity.

Base mapdevelopment canbecarried out
using existing maps (lower accuracy), ex-
tracting information from aerial photographs
(a low cost scanner can be used), or using
some existing digital (remote sensing) or
survey data (high accuracy). However, it is
very important to develop some standardized
guidelines in base map production and da-
tabase development.

Database design is a continuous process.
Updating existing information and adding
new information or attributes are essential
for future expansion of the database. Software
and hardware need to be changed in the
expansion process and accordingly some
adjustments to data need to be done. Even
though most of the software can process data
in different formats, it can be a frusiating
process when a new GIS is being installed. It
is not necessary to have expensive sophisti-
cated software or hardware to implement a
reasonable GIS project. Availability of user
friendly software can be obtained from con-
ference displays, software review articles,
examining some demonstration programs
provided by software manufacturers or by
consulting the GIS academic/user community
or by linking to some spatial data related
clectronic mailing systems.

Initial database design should not start
with a scale that is not compatible with
existing resources. It is better to start with a
pilot project and through experience itcan be
extended to applications of concern. Both
database development and GIS implemen-
tation should be undertaken within a sus-
tainable strategy. Unlike in major industrial-
ized countries, facilities such as journal ar-
ticles, conference, educational videos,
seminars, and workshops are limited in de-
veloping countries and constrain GIS staff’s
ability to improve their skills required in
efficient database design and GIS project
implementation and educate novice users.
Therefore, it is very important international
agencies or countries that support develop-
ing nations by introducing GIS should pro-
vide material which will allow user to
improve their skills and intellectual knowl-
edge. Unfortunately, journal subscriptions,
conference registration and travels are ex-
pensive items and difficult to afford when
limited foreign exchange is required to sup-
port socio-economic priorities.

Automationof existing management tasks
and implementation of a GIS can change the
administrative and management structure of
an organization. Data security, authority,
maintenance responsibilities should be de-
termined initially when acquiring GIS and
implementing the database. Potentials of GIS
and database development to the institution
need to be realized and educating the man-
agement is very important for a healthy and
a long life of a GIS system. Therefore, it is
important to have a central authority to
monitor GIS work and data distribution/
management. GIS can change the organiza-
tional structure of an institution by improv-
ing the efficiency of existing tasks. Database
development and GIS introduction should
be thought of as an aid in decision making, It
is important to understand how the GIS can
be used in improving the welfare of the
whole community.

Universities and research institutions can
play a major role in developing an environ-
ment that supports GIS within a sustainable
framework through educating management
and users, It is vital that all levels of man-
agement understand what a GIS is and its
limitations. Workshops and training pro-
grammes should focus on topological prop-
erties, basic introduction to hardware and
software components, guidelines todatabase
developments, and also how to put aproblem
with spatial context into a GIS perspective.
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Some, more experienced users, may benefit
from training programmes concentrating on
computer programming and database design
and development. These skills, although not
essential, would accelerate progress in 4 GIS
project. Other important topics such as uscr
interfaces, scale and projection -changes,
georeferencing, and raster and vector systems
should be addressed when the GIS project is
in progress.

Digital data are encoded as points, lines,
and areas/polygons. When a land coverfuse
attribute is converted to a digital form in a
GIS, an attribute becomes a layer of infor-
mation integrating both spatial and non-
spatial information about the attribute, To
use spatial data to produce thematic maps
and spatial analysis, it is often necessary to
changescale, format data differently, change
projections, correc topological errors, and
maintain data integrity as new information
becomes available. Solutions to these prob-
lems which are technical in nature, should be
available within the society.

Generally, when a problem in technical
or application nature arises, institutionsneed
to depend on international experts, and, in
most cases, different experts are approached
which may not solve the problem (Hastings
and Clark, 1989). The most viable method is
to develop a network outside the GIS com-
munity who ere exposed o wider GIS/da-
tabase development expericnee and knowl-
edge. For a user in a developing country,
electronic mailing system (E-MAIL) is the
best, low costmediato develop contacts with
the other users. There are a number of user
groups where one can seck solutions to some
technical and application problems. For in-
stance, electronic user groups such as GIS-L,
COMP.INFOSYSTEMS. GIS, SCI.MAGE.
PROCESSING, AAGMSG, and
GEOGRAPH concentrate on spatial data ap-
plications while there are some other elec-
tronic mailing systems ¢oordinated by soft-
ware manufacturers. By connecting to these
systems a usercan getsuggestions in rclation
to questions, information about suijtable
software, hardware or can involve in discus-
sions.

CONCLUSION

There is no doubt that the G1S technology
can be a valuable tool or a resource (o de-
veloping nations, specifically to the man-
agement of natural resources and to the cco-
nomic development. However, full utiliza-
tion of this technology can be realized only if

(Cont, on page 63) mmem————
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" asustainable development of the technology
can be achieved. This may be done through
» the continuous support of the agencies intro-
. ducing the system and the GIS community
both in developing and developed countries.
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