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A geographic information
system {GIS) is com-
prised of several ele-
ments, including hard-
ware, software, users,
procedures,and data. GIS
organizations select the
hardware and software
that meet their needs, the
staff membersaretrained,
procedures are devel-

,oped, and the organiza-

tion evolves so that the
new technology is incor-
porated in day-to-day
activities. However, af-
ter procurement and tran-
sition into the technology
occurs, the ultimate suc-
cess and ability of the
system to provide deci-
sion makers with quality
information depends in
part on the quality and
usability of the data that
reside in the system.
Many users are be-
ginning automation of

" commonly used data sets,

eitherin houseor through
a vendor, immediately
afterinstallation, or some-
times even before a spe-
cific system is chosen,
Thisoften occursbecause
users are pressured by
management (o demon-
strate results that have
been obtained with the
newly acquired system.
The consequence of this
pressuré is often hasty

. actionthatcan potentially

lead to a séries of ill-con-
ceived data files rather

‘than a well-integrated
comprehensive GIS

database designed tomect
user requirements.

A more systematic
approach to GIS imple-
mentation is recom-

mended. This approach.

involves assessing user
needs and requirements,
developinga database de-
sign based on these needs,
and testing the designina
pilot study before produc-
tion automation begins.
This article is an in-
troduction to these vari-
ous components, '

What Influences a GIS
Database Design?

Some of the major fac-
tors that influence a GIS
database design include
the data needs of the ap-
plications that will be de-
veloped, availability and
format of existing data
required to suppoit the
applications, update and
maintenance procedures,
sizeof thedatabase, hard-

‘ware platform/configura-

tion, number and sophis-
tication of users, organ-
izational structure of the
users and facility, sched-

ule, budget, and manage-.

ment Support.

It is important to
understand these factors
before automation be-
gins. For small organiza-
tions, or for specific proj-
ects, an informal series of
brainstorming  sessions
and review of what has

worked elsewherg can of-
ten clarify what the GIS
will be used for and what
products it is expected to
produce, It will also be
necessary 1o review data

tions, or those in which
the GIS must support a
large diversity of users, a
more formal approach is
desirable. Itisimportant
‘in this type of setting for

This may take from two
days to two weeks, de-
pending on the size of the

‘organization and sophis-

tication of intended GIS
applications,  Simple
documentation of agree-

-ments, responsibilities,

and action items may be-
all that is required.
For large organiza-

sourcesand identifyhow a single individual or
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the data will be main- small group to be desig-
tained, as wellasdevelop nated as responsible for
schedules and budgets. the design, It is their

responsibility to ensore
that users are identified
and involved, appropri-
ate information is col-
lected, and sufficient
documentation is devel-
oped that will allow the
database design to be
conducted. This task
usually requires a more
formal and structured
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process than the one re-
guired for the small or-
ganization or project.
Interviews with manage-
ment, users, and existing
system support staff are
necessary. This process
may take fromtwo weeks
to several months to
complete. Documenta-
tion needs to be compre-

" hensive so that the large
number of potential users
can sign-off on the pro-
posed usage and direc-
tionof the system, as well
as understand their roles
and responsibilities dur-
ing implementation.

Whether you are

from a small or large or-
ganization, this initial
identification of require-
ments and- constraints
must be done. It can be
simple or complex, infor-
mal or formal, butit must
be done. The database
design that results from
this step will be based on
real needs and the final
database will more effi-
ciently and accurately
support the organization
in the future.

What Needs To Be
Designed?

Fiveprimary components
need to be designed for
an ARC/INFQ database:
“the cartographic layers,
feature attribute tables,
lookup tables, annotation
(not discussed in this ar-



5

RS

R A e e b S R R sy R

ticle), and the map library,
While designing these
components to meat user
requirements, the under-
Iying goals are to main-
tain data consistency/
integrity, reduce data re-
dundancy, and increase
system performance
while maintaining maxi-
mum vser flexibility.

Layei‘ Design

There are three basiclayer
(coverage) types in
ARC/INFO and two vari-
ations. Basic layer types
are polygons (soils, par-

cels), lines (streams, street -

centerlines), and points
(eagle nests, - manhole
covers). Variations on

these layers include net-
work coverages that con-
fain polygons and lines
(suchasroads and blocks)
and link coverages con-
taining lines and points
{such as roads and street
intersections). In future
releases, theselayer (cov-
crage) types will support
more complex combina-
tions of spatial features
that can be constructed
from basic primitives. Se-
lectionofthe correctlayer
type for a database de-
pendson anticipated uses
of the data and often
depends on the scale and
resolution of source data,
A strcam may be aline at
1:250,000 scale, but a
polygonat 1:24,000scale.
An archaeological site

«BarviceMnintenanca Al
Hfor wach depanimant)

may be a point at
1:100,000, but a polygon
at 1:24,000.

Many factors infla-
ence which data scts
should be combined into
ARC/INFQ layers. Two
of the most important are
data to datarelationships
and data to function rela-
tionships,

Data to data rela-
tionships: Many manu-
ally drawn maps have
common or coincident
lines between them.
Examples include land-
water interface, survey
section lines and roads,
streams and political
boundaries, parcels, and
zoning. Inaddition, many
data sets share common
boundaries through hier-

archical relationships. An
example is a boundary
shared by a county, state,
and country. Itisimpor-
tanttorecognize thesere-
lationships - during the
design process and toen-
sure that these relation-
ships are organized for
consistency, minimum
data capuure, and ongo-
ing data management.
There are four prin-
cipal methods for captur-
ing these relationships:
pre—automation data
preparation, where data
isintegratedintoone layer
before digitizing (c.g.,
census geography); crea-
tion and use of templates,
where data from oneauto-
mated layer (e.g., land-
water interface) are used

as a spatial template for
use in other layers; auto-
matic snapping one fea-
ture to another in
ARCEDIT; and copying
and moving features from
one coverage to another,
Each method has its own
use,depending onthe size
of the database, number
of coincident features,
and where in the automa-
tion processthe technique
is used. The establish-
ment of procedures that
manage and update these
relationships automati-
cally is both important
and possible and should
be considered at the de-
sign stage.

Data to function re-

lationships: Some types

of geoprocessing appli-
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lationships.

cations in an organization
may dominate others. The

database design should

reflect these priorities, A
database that must sup-
porta wide variety of user
views and applications
should have a more basic
and primitive organiza-
tion. Datathatare notco-
incident, but tend to- be
used together, should be
considered for inclusion
in the same feature layer.,
Data that are maintained
by different departments,
have security restrictions,
or are frequently updated
should be isolated into
separate layers.

Feature Atiribute Table
and Lookup Table
Design

Just as important as the
cartographic database

designisthe tabulfar data-

base design, The way
tabular dataare organized
in a relational database
management Ssystem
(RDBMS) has a tremen-
dous impact on system
performance. In design-
ing the feature altribute
tables and noncoverage
related files, or Iookup
tables, it is necessary to
anticipate uses as well as
update procedures.
Similar to layer de-
sign, the goal of tabular
database design is to cre-
ate files that are easy to
maintain, update, modify,
and protect. For an
RDBMS, this is accom-
plished through a process
called datanormalization,
which provides guidelines
and rules for organizing
datainto a series of tables

that are related to each

other by commion keys,
Noermalization re-
quires thorough knowl-
edgeofthe dataanditsre-
Using

RDBMS operators, nor-
malized tables can then
be cut and pasted to form
new relationships. This
is accomplished in part
by assigning asimple key
or geocode to all carto-
graphic feamres in the
coverage, and having all
descriptive attributes
about the feature in sepa-
rate lookup or “related”
tables.

For example, in a
parcel coverage, each
parcel can be identified
with its unique parcel
number, thecommonkey.,
Descriptive attributes
abouteach parcelare then
maintained in aRDBMS
such as ORACLE,
INGRES, or SQL/DS.
Another table may pro-
vide detailed information
about the owner of each
parcel, such as address
and telephone number.

The new RDBMS

packages that can be
linked through RDBI to
ARC/INFO are powerful
and flexible. As an or-

ganization’sdatabaseand

applications grow, new
records can be easily
added. Using RDBMS

operators, these tablescan -

then be cut and pasted to
form and define new re-
lationships. The separa-
tion of the geographic da-
tabase (ARC) from the
RDBMS increases per-
formance and allows us-
ersto separate the simple
daily transaction updat-
ing of the tabular data
from the more complex
and less frequent updat-
ing of cartographic data.

Map Library Design
ARC/INFO map librar-

ies are a uscful mecha-
nism for organizing cov-

erages under the follow-
ing conditions: large
amounts of standardized

. datamustbe handled; the

database will be used for
along period of time; and
general systemwide ac-
cess by many users is
desired. ‘

Map library design
must be considered be-
cause the selected struc-
ture will affect database
maintenance, data query,
and systerm performance.
Differentdesignsused for
storing the same data can
have highly variable re-
quirements for disk stor-
age. The two primary
elements that influence
these factors are the tile

structure and map projec- .

ton.

Although tiles may
be any shape, there are
several general guidelines
that should be considered
when choosing a struc-

Alternative Tile Structuring Schemes

1: Tax Zones/Sections

2+ Rectangular Grid
based on USGS Quads

Free-Form
based on Major Roads

ture.

First, tile boundaries
should be stable because
the tile structure is the
map library component
that is most difficult to

.change. Physicalobjects,

such as watersheds, are a
better choice for the
boundaries than political
units, which may change
over the life span of the
library. Abstract grids,
such as U.8. Geological
Survey quadrangle
boundaries, are stable and
used in many databases
astile boundaries. Regu-
lar grids have the added
advantage of increasing
performance during cer-
tain operations, such as
searches. Ifthere are geo-
graphic units on which
analysis or updates are
commonly conducted,
that unit would make a
logical tile structure.
Second, the tile
structure shouid enhance
dataaccess performance.
Tiles should contain ap-

_proximately the same

amount of data, and
shouldnothave more data
than can be readily
manipulated in an
ARCEDIT session. Not
all data need to be stored
in the map library struc-

' _ture. If data are found to

be sparse during automa-
tion, or if project specific
data are developed for a
small arca, that data may
be beitter left in a single
coverage.

Most large users of
ARC/INFO make use of
the librarian function for
managing their database
collections. Reasons for
this arc many, but are
largely associated with
performance and share-
ability of data. The prin-
ciples of the LIBRAR-
IAN function involve
physically managing the
cartographic data in a
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series of layers and tiles
withrelational indexesin-
tegrating the maps to a
scamless tabular database
(e.g., SQL DBMS),

This approach pro-
vides high performance,
particularly for opera-
tions dealing with updat-
ing and spatial clipping.
The LIBRARIAN tech-
nology (particularly with
version 5.0 of ARC/
INFQ) allows users o
view the database as if it
were physically continu-
ous. To obtain the best
performance, however,
we must still congider the
optimum tiling size and

“configuration.

ARC/INFO is ca-
pable of stering all data
and their relationships in
acontinuouscartographic
coverage. Recentproject

-work at ESRI involved

organization and use of
this type of coverage of
the United States with
nearty one million spatial
features and fast queryac-
cess. This application is
designed for network
analysis and query only.,
Therefore, ARC/INFO's
spatial indexing tools
have been implemented
for providing the users
with very fast gpatial
query and analysis func-
tionality. e
Givenamore diverse
application setting, par-
ticularly where updating
and spatial clip/map to-
pology reorganization is
necessary ordesirable, the

spatial tiling approach -

provides far better per-
formance and flexibility.
In any case, it is
important to design any
tiling structure inthe carly
stages of the database
design, and consider very
carefully the applications
that will be served to
ensure performance and
functionality.

Database Desigh
Documentation

Itisdifficultto overstress
the importance of ade-
quately documenting the
database design and sub-
sequent implementation
efforts. Documentation
isnecessary ifusersare to
have confidence in the
data, and if the database
is expected to remain
functional beyond the
tenure of those who origi-
nally conceived and built
it. Ataminimum, docu-
mentation shouldinclude
acomprehensive datadic-
tionary with descriptions
of all items and codes for
each layer, Ideally, the
data dicticnary is imple-
mented on line and linked
directly to the database.

- An on-line data diction-

ary supportsdevelopment
of legends for plot series

and enhances quality.

control operations by
providing input into rou-
tines used during auto-
mated attribute checking
{using CODEFIND and
CONSIST).
Beyond the data dic-
ticnary, documentation
may also include dia-
gramsand discussionsex-

plaining the concept and

content of each layer and
map library; data sources
for all layers and attri-
butes; and implementa-
tion procedures, includ-
ingprocessing tolerances.
If this supporting proce-
dural and data source
information is also on

line, users can moreread-.

ily assess the appropri-
ateness of particular lay-

‘ers for a given applica-

fion.

Pilot Study

Database designsand im-
plementation plans more

often than not require
modification when tested
under production condi-
tions. As aresult, a piiot

smdy thatincorporatesall

layersis strongly encour-
aged before usersembark
onlarge-scaledata devel-
opment work. Pilotstud-
ies are the implementa-
tion of database designs
over limited geographic
areas. They yield several
benefits, including the
following: (1) testing of
physical database design
performance, (2) devel-
opmentof procedures for
performing {asks under

production conditions, (3) .

identification of obstacles
to system implementa-
tion, (4} development of
specifications for con-
tracting data loading ef-
forts, and (5) yielding
timely results or products
for management presen-
tations and gaining con-
tinued management sup-
port.

Several guidelines
should be followed in a
pilot study. Tobegin, the
sample site must be rep-
resentative of the entire
study area and exhibit a
full range of complexity,
This will help ensure that
Iessonslearned during the
pilot can be extended to
theremainderof the data-
base. If a single, repre-
sentative area cannot be
identified, it may be nec-
essary tosclectmorethan
one. Another considera-
tion is the scope of the
study. To be effective,
theapplications and proc-
esses being tested must
be well-defined and
shouldbecompletedover
a three- to six-month
period. This will help to
ensure that results of the
pilot provide feedback
and are readily interpret-
able and meaningful. A
“peer review” of results

should be conducted with
major users of each layer
and application type.
Finally, it is important to
document peer review
commentsand ensure that
they are incorporated into
the final database design,
Unless they are docu-
mented, pilot results will
become increasingly
vague and meaningless
over time.

‘Who Should Do the
Database Design?

Databasedesignisa proc-
ess; it is done by a team
with strong leadership,
The process can be done
in house, if there are
people with experience,
or with consultants. Most
people prefer o do it

-themselves and learn as

they go, butthere arerisks
in doing this. There are
few people with the aca-
demic background and
practical experiencein the
wide variety of disci-
plines necessary for com-
prehensive design. Gen-
eralists, suchasplanners,
geographers, and land-
scape architects with a

-background in GIS, make

good design team lead-
ers. They have the neces-
sary tools to synthesize
the variety of information
required for a design.
Depending on design re-
quirements, it is impor-
tant that they also be
supported by topical spe-

-cialists in fields such as

cartography, surveying,
planning, forestry, geol-
ogy, biology, botany,
€conomics, emergency
preparedness, and facili-
ties management.

The users must be
fundamentally involved.

. They know the applica-

tions and data and have a
lot of common sense

about what they want to
do. If your design seems

- too complicated, it proba-

bly is. Make it simple
andclear. Remember, the
next step isto implement
the design. It must be
kept simple to manage it
effectively. Vendors or
in-house staff must also
be able to understand the
design to implement it.
It is necessary to

‘review data source docu-

ments and consider the
intended applicationsand
structure of the organiza-
tion in which the GIS will
reside. Successfuldesign
requires acquisition of
these corponents and im-
mersion of oneseif in the
information. Close ex-
aminationof source maps
and overlaying of the
various thematic maps,
basemaps, and aerial
photographs on a light
table help the designer
know the data. The data-
base designer must be-
comear expertin the data
and its intended uses.
Only after this can good
design begin. H

The following pages
show database layer dia-
grams created aspartofa
database design project
performed for the city
and county of Honolulu.
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