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Abstract: Washington State Department of Natural Resources’ GIS was
developed to help manage a wide array of land-based resources and support
activities. Other iraditional information system environments exist concurrently
within the department. The GIS and other systems often share similar data
requirements. A methodology is developed to logically model the agency’s data
resource without the imposition of artificial administrative or application
boundaries. Entity-relationship formalism is used as the construct for this
schema. This paper describes the “reverse-engineered” application of this
methodology to GIS attribute data sets, and the advantages of doing so. Specific
benefits derived from using a logical data schema in database development
include: 1) better physical design; 2) establishment of common terminology
throughout the department; and 3) increased data transfer opporturnities.

T he geographic information
system (GIS) developed at
the Washington State Depart-
ment of Natural Resources has
expanded considerably since its
installation in the early 1980s.
Its data component, measured
by volume and complexity, has
also increased dramatically. In
January 1987, 150 data items
were supported by GIS staff in
Olympia. Currently there are
approximately 400. Within the
next few years this figure is ex-
pected to double with the de-
velopment of several large ap-
plications. Ties with existing,
non-GIS, multi-user computer
systems are also being estab-
lished to help provide answers
to increasingly complex resource
management issues.

Increasing data complexity
and issues of system-to-system
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data sharing calls for effective
data documentation that can

readily be used by a wide range-

of users from application devel-
opment staff to casual non-de-
partmental personnel. With the
help of our GIS software ven-
dor, a menu-driven data diction-
ary system was set up during
initial GIS development. Infor-
mation about data (metadata)
has subsequently been entered
into the dictionary. Metadata
are now retrieved through three
physical data structure themes:
data layer, data file and data
item. The data dictionary has
proved to be an invaluable in-
formation resource tool for users
wishing to access metadata
based on current system archi-
tecture.

Concurrently with early GIS
development, the department

formally recognized data as an
actual resource through policy
and guidelines. In effect, this
meant that data was to be man-
aged as any other more tangible
resource such as timber and real
estate. Guidelines also stated
that new system development
would be driven by data, as an
agency resource, rather than on
an application by application
basis.

This strategic direction was
accompanied by a relatively
new concept being explored
within Washington state govern-
ment at that time; that of mod-
eling data based on business
subject (data entity) and associa-
tions, rather than on applica-
tion-driven file structures. The
entity-relationship (E-R) model,
put forth by Chen as “a unified
view of data” (1976, p. 10), has



been the foundation for this ap-
proach. The methodology has
been used successfully in many
traditional (non-spatial) infor-
mation processing settings (for
example, see Margaronis 1990
and Plotkin 1991). Nyerges
(1980, 1989), Calkins and Mar-
ble (1987), and Bedard and Pa-
quette (1989), among others,
have also referred to the applic-
ability of the E-R modeling ap-
proach in geographic databases.
Starting with contents of the es-
tablished data dictionary, the
new approach has been tested
against the department’s GIS at-
tribute data environment in a
“reverse-engineering’”’ fashion.
A Computer-Aided Systems En-
gineering (CASE)! tool was
found to be very useful in creat-
ing the logical data model and
accompanying documentation.

Benefits resulting from the
use of a documented logical
data schema include better data-
base design, establishment of
common data terminology used
throughout the whole organiza-
tion, and increased data sharing
capability. This paper describes
the steps involved in developing
a logical data schema and the
benefits of its application. The
relationship between the GIS
data schema and the agency-
wide data schema will also be
discussed. Definitions of key
concepts used in the paper are
provided in Table 1.

Defining a Logical Data
Schema

This section describes how a
logical data schema was derived
from the existing GIS opera-
tional environment. A series of

TABLE 1.
Definition of data modeling terminology.

DATA ENTITY

Person, place, thing, concept or event about
which there is enough interest in the
organization to collect and store data. Often
referred to as data subject or business
subject. Example: An organization may
collect varied information about watercourses
(length, depth, flow rate, etc.).
"Watercourse” is the data entity.

A business connection or logical association
that exists between data entities. Example:
watercourses flow across geologic formations.
“Flow across” is the relationship between
the data entities, “watercourse” and
"geologic formation.”

The upper and lower bounds on the number
of possible instances of one entity in
relationship to another entity. Example: one
watercourse flows across one to mamny
geologic formations.

Data conceptually organized by data entity
with the imposition of no application or

RELATIONSHIP

CARDINALITY

LOGICAL DATA
SCHEMA

physical system constraints.

PHYSICAL DATA
SCHEMA

METADATA

Data structures as carried in the database.

Information about data.

steps describe how data entities,
and then data relationships,
were discovered and defined.
This “reverse-engineering” or
“bottom-up’* approach began by
analyzing the data item compo-
nent of the database.

Establish Tentative Entity List

Entity types are implicit within
any information representation.,
In discovering the department’s
GIS data entities, the inventory
of supported data items was ex-
amined, one item definition at a
time. A sample output from the
GIS data dictionary showing
data item names, their defini-
tions, and files of occurrence is
provided in Table 2.

Even though file {(and spatial
layer) names often provided
clues as to which entities were

described in the structures, they
were ignored to ensure objective
entity analysis based on actual
information content of data
items. The key question asked
about each data item was,
“What is this data describing?”
The first data item in Table 2,
STAND.NO, describes an entity
called (FOREST) STAND. It is
the unique identifier for each in-
stance of a STAND. The second
data item, LAND.USE, at first
appearance seems to describe
STAND. However, land use
does not solely describe forest
stands. Land use may describe
any type of resource unit,
whether it is forested, agricul-
tural, urban or water. In this
case, defining an entity called
RESOURCE UNIT would seem
appropriate. In Table 2, another
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TABLE 2.

GIS data dictionary sample output.

FILE ITEM
NAME NAME ITEM DESCRIPTION
LULC.COM STAND.NO Unique statewide stand number
LAND.USE Code describing activity on DNR-managed
land
LAND.COV Natural or artificial land surface cover code

INSPEC.DATE

EXAM.TYPE
PRI.SPEC
SEC.SPEC
TER.SPEC
TREAT.DECADE
DAMACGE
INTENSITY
INPUT.FORM

DATE
TWP.CODE

LULC.EVEN STAND.NO
PRLDBH
PRL.BA
PRIL.7.5TEM
PRI.ORIG
SEC.DBH
S5EC.BA
SEC.7.5TEM
SEC.ORIG
TER.DBH
TER.BA
TER.7.5TEM
TER,ORIG
CON.BA
HWD BA
CON.7.5TEM
HWD.7.STEM
TWP.CODE

Date ALL detailed forest inventory was
updated

The method of inventory data gathering

Primary tree or agricultural species code

Secondary tree or agricultural species code

Tertiary tree or argicultural species code

Future decade of stand conversion or treat.

Type of damage seen in a forest stand

Level of forest stand damage

Form type used to record stand mgmt.
activities

See detailed item description

Township code

Unique statewide stand number
Average DBH of primary species
Basal area/acre of primary species
Stems/acre of primary species < 7"
Year of origin of primary species
Average DBH of secondary species
Basal area/acre of secondary species
Stems/acre of secondary species << 7"
Year of origin of the secondary species
Average DBH of tertiary species

Basal area/acre of tertiary species
Stems /acre of tertiary species < 7"
Year of origin of tertiary species
Stand’s conifer basal area/acre
Stand’s hardwood basal area/acre
Total conifer stems/acre << 7"

Total hardwood stems/acre << 7"
Township code

entity represented within the
files LULC.COM (Land Use/
Land Cover COMmon forest
stand data) and LULC.EVEN
(Land Use/Land Cover EVEN-
aged forest stand data) is PUB-
LIC LAND SURVEY TOWN-
SHIP. TWP.CODE (township
code) uniquely identifies in-
stances of each one.
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Verify Entities

After data entities were tenta-
tively identified, they were
tested against a series of ques-
tions developed to validate their
usefulness as entities (Table 3).
These questions were synthe-
sized from various writings on
data entity analysis (see, for ex-

ample, Fleming and Von Halle,
p- 88). The analysis of approxi-
mately 400 data items led to the
identification of 34 major data
entities within the database (Ta-
ble 4).

Define Entities

Rigorous, business-oriented, def-
initions were then developed for
each data entity. Definitions in-
cluded:

* Description of the reasons, rules,
agreements, and conventions that
justified existence of the entity
within the department;

= Estimated volume of entity in-
stances and potential growth rate
within the department’s area of
interest;

= Party(ies) responsible for entity
instance creation, update and
deletion;

* Retention time of each entity in-
stance in the database; and

» Formal entity name and short
identifier to be used throughout
the department.

Determine Relationships

Data relationships are the
“glue” that hold the schema to-
gether, They are found by ask-
ing the question, “What is the
business, or logical, association
between entity A and entity B?”
For example, an obvious rela-
tionship between the entities
TIMBER CRUISER and TIMBER
SALE CRUISE would be a “per-
forming” relationship. That is,
“a TIMBER CRUISER performs a
TIMBER SALE CRUISE.” Entity-
relationship modeling requires
the ability to read the relation-
ship in both directions—and be
understandable to the user.
Therefore the converse would
read, a “TIMBER SALE CRUISE



TABLE 3,

Data entity verification test.

1) Is it a person, place, or thing, concept or event about which there is
enough interest to collect and store data?

2) Does an identifier exist which uniquely identifies each instance of the
data entity? If not, can one be developed which will meet the needs of

the organization?

3) Does the entity definition apply to all instances of the entity?
4) Is it stable, non-controversial business concept?

5) Is it relatively equal in importance, or at the same level of detail, to other

organizational entities?

6) Does the entity have a unique set of data items?

7} Is it more appropriately described as a relationship or data item of an-

other entity?

8) Is the entity definition devoid of conditional language (e.g., if, or, ex-

cept)?

9) Can it be named with a singular noun or noun phrase, which describes

one instance of the entity?

TABLE 4.

Major data entities identified in the agency’s geographic information system.

AGRICULTURAL UNIT
BLOCK PLANNING UNIT
COORDINATE POINT
COUNTY

CROSSING STRUCTURE
FOREST STAND
HYDROLOGIC UNIT
LAND EXCHANGE
LAND PARCEL

LAND SURVEY CORNER
LAND SURVEY UNIT
REGIONAL FIELD UNIT
RESOURCE UNIT

ROAD SEGMENT

SEED DRUM

SILVICULTURAL ACTIVITY
SOIL MAPPING UNIT
SOIL TYPE

SURVEY LINE

TIMBER CRUISER

TIMBER HARVEST ACTIVITY

TIMBER PURCHASER

TIMBER SALE

TIMBER SALE AGREEMENT

TIMBER SALE CRUISE

TIMBER SALE EVENT

TIMBER SALE UNIT

TRANSPORTATION ROUTE

TREE SEED LOT

TREE SPECIES

TRUST PARCEL

WATER BODY

WATERCOURSE

WATER RESQURCE INVENTORY
AREA

is performed by a TIMBER
CRUISER” (Figure 1).

Define Relationships

Note the symbols at each end of
the relationship lines, These
graphically represent an impor-
tant part of the relationship def-
inition called cardinality. Three
symbols are used: 1) a circle
represents zero entity instances,
2) a line represents one entity
instance, and 3) a “crow’s-foot”’
represents many entity in-
stances. The symbol pair repre-
sents the smallest and largest
number of possible instances.
The cardinality constraint is al-
ways expressed after the rela-
tionship word(s) for that partic-
ular relationship direction,
Taking the example of TIMBER
SALE to TIMBER PURCHASER
relationship, the full relation-
ship phrase set would read, “a
TIMBER SALE is purchased by
zero to one TIMBER PUR-
CHASERS” and “a TIMBER
PURCHASER purchases one to
many TIMBER SALES.” In this
example, analysis pertains to
entities in the GIS timber sale
data domain. Note that data en-
tities are represented as rectan-
gular boxes and relationships
are read from box to box in a
clockwise fashion.

A good data relationship defi-
nition should also include as-
pects of time dependency (past,
present, and future variations in
the relationship role) and what
conditional situations exist for
the relationship (the business
procedures that precede the re-
lationship event to make it pos-
sible and /or valid).

Good relationship documen-
tation is critical during database
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FIGURE 1.

Portion of GIS data schema showing the TIMBER SALE subject area.

is purchased by TIMEER
purchases PURCHASER
is offered at .| TMBER SALE
( ofters 1 event
comprises is harvested b TIMBER
TIMBER SALE || P ope] TMeER | ¥ Ry
UNIT Is comprised of SALE harvests ACTIVITY
s appralsed by | TMBERSALE| is performed by TIMBER
appraises " CRUISE ' performs CRUISER

design. It determines how data
files are optimally associated
and individually structured
based on solid business rules
(such as those based around the
TIMBER SALE to TIMBER PUR-
CHASER relationship). Note
that “optimally” here refers to
the optimal logical data configu-
ration, Conversion from the log-
ical to physical data schema
may include optimization based
on physical system or access
constraints. This process is be-
~yond the scope of this paper.

Create Data Schema

When the preceding steps were
accomplished, the complete doc-
umentation was incorporated
into a Computer-Aided Systems
Engineering (CASE) package.
This was in the form of logi-
cally connected text and graphic
objects representing the perti-
nent data entities and relation-
ships. Creation and formaliza-
tion of the data schema within
the CASE tool facilitated the ex-
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amination of the information in
a complete business—or enter-
prise—context.

Incorporation Into
Enterprise Schema

A geographic information sys-
tem logical data schema by it-
self is very useful as a docu-
mentation and applications
development tool. The real
power of this approach, how-
ever, is that it can be combined
with a complete organizational
data schema so that enterprise
information management can be
accomplished (Ezigbalike, Cole-
man, Cooper and McLaughlin
1988). Concurrent data model-
ing representing other func-
tional areas within the agency
have been, and are continuing
to be, completed. The logical
data schema for a part of the
agency’s Contract Management
System is shown in Figure 2.
For the most part, there is lit-
tle subject content in common

with the GIS logical data
schema. However, there are
some notable data areas in com-
mon. The entities TIMBER
SALE and TIMBER PUR-
CHASER occur in both. This in-
dicates the existence of an infor-
mation interface that could be
taken advantage of between two
different functional areas within
the agency—that of natural re-
sources management and con-
tract management. Detection of
this data overlap without the
use of an enterprise data model
would be difficult. Additionally,
the fact that there are common
entities emphasizes the need,
and provides a basis, for com-
mon enterprise data definition.
At a high level, these data sche-
mata, along with others, will be
combined to provide a complete
view of the department’s data
resource.

Benefits in Using a
Logical Data Schema

Better Physical Design

A logical database model is de-
scribed as being useful if it
meets the practical considera-
tions of being usable, imple-
mentable, modifiable and gen-
eral enough to accommodate
geographic concepts (Feucht-
wanger 1989, p. 607). Specifi-
cally in the area of model im-
plementation, it is our
contention that database physi-
cal design is enhanced by the
use of a logical data schema.
The following describes some of
the benefits from the use of the
entity-relationship modeling
technique in developing the
schema.



FIGURE 2.

Portion of contract management system data schema showing the AGREEMENT

subject area.

Z-COORDINATE data item, Add-
ing new data items to the data-
base every time new require-
ments surface is expensive and

ACCOUNT |, negotlates
MANAGER [ is negotiated by
Is speclfied by
COMMODITY |+
specifies A—]
|s purchased by o TIMBER
purchases PURCHASER
TIMBER , s described by TIMBER SALE Is
sale [ describes | acreemenT |7 may be | ACREEMENT
Is
+O

AGREEMENT may be

* Data integrity is promoted with
the establishment of an architec-
ture for data. As an example,
data “mutation” can be con-
trolled. That is, one data item
should always have only one dis-
crete definition. Data content
should exactly match that defini-
tion. As applications mature and
business requirements dictate
change, the understandable ten-
dency of the system maintainer is
to add new meaning to pre-exist-
ing data items, e.g., adding age
categories to tree species codes.
It's easier and quicker to do this
rather than incorporating a new
data item (tree age category) to
the physical file structure, The
schema, and accompanying docu-
mentation, provides a clear re-
cord showing which data should,
and should not, be present for a
particular information object.

Database flexibility is ensured by
design based on sound logical
data modeling techniques as de-

scribed in detail by Chen (1976)
and Van Roessel (1987). This
frees the user to address the
database using any number of
query combinations. Structural
independence from original re-
quirements definition is important
in allowing this.

Database stability is enhanced
when the logical data schema is
carried through to physical im-
plementation. In general, data or-
ganized by entity will be longer
lived than those data structures
based only on the original “time-
frozen” application requirement.
For example, where data are rep-
resenting coordinate values, the
initial application requirement
may show the need for the data
itemng, X-COORDINATE and Y-
COORDINATE. “Value” would
describe each of these. This
works fine until a change in busi-
ness requirements dictate the
need for elevation values to be
tied to the same coordinate
points on the ground. There is no

can prove disruptive to the user
community. A more stable way
of structuring the database is to
identify the correct entity in the
first place. In this case COORDI-
NATE POINT would be a likely
candidate. “Value” and “axis”
would describe the entity. The
data items in this scenario would
be COORDINATE.POINT.VALUE
and COORDINATE.POINT.AXIS.
Adding “Z" coordinates in re-
sponse to a change in business
requiremnents merely entails an
additional code in the axis code
table.

+ Data redundancy is not always
undesirable, In a relational data-
base environment, redundant
data exist in the form of rela-
tional keys. However, unneces-
sary redundancy can be con-
trolled with the help of an
established logical data schema.
With a logical schema in place, it
is clear where each data item
should reside in a complex, sub-
ject-oriented, database. For exam-
ple, customer information such as
name, mailing address and phone
number may be stored in several
functional areas of an organiza-
tion. The schema, however, will
express this information once un-
der the CUSTOMER entity.

Establishment of Common
Terminology

Data naming has been tradition-
ally ad hoc, names often con-
veying no meaning, or worse,
false meaning. The logical data
schema provides a beginning
point for a standard naming
structure. That is, an entity ab-
breviation can serve as the first
component of every data item
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name. This ensures that confu-
sion is avoided over such data
names as NAME, especially
where the name occurs several
times with different meanings
(homonyms). For example,
NAME could be describing a
wide range of entities including
CUSTOMER, TIMBER SALE,
COUNTY, STREAM, and so on,
Conversely, with one data en-
tity represented by one formal-
ized entity name in the enter-
prise logical data schema,
multiple data names for the
same data (synonyms) can be
avoided.

Data Transfer

Compared to traditional com-
puter program-based applica-
tions, the database environment
has made data sharing relatively
easy. Data naming and structur-
ing based on a logical data
schema make the transfer of
data not only possible, but prac-
tical and desirable. The schema
provides a common frame of
reference for parties involved on
both ends of the transfer, Data-
bases constructed from the logi-
cal, entity-oriented, data schema
will be more open to receiving
and providing data since the
data will have been designed
according to what it is—not how
it is used in a specific applica-
tion.

Usefulness of the entity con-
cept in data sharing is explained
in detail in the proposed Spatial
Data Transfer Standard (SDTS).
It is considered a key compo-
nent in facilitating data inter-
change. This standard will con-
tribute to the task of exchanging
data throughout federal (and
hopefully other) organizations.
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The SDTS, at the time of this
writing, has been submitted to
the National Institute of Stan-
dards and Technology for ap-
proval as a Federal Information
Processing Standard (Spatial
Data Transfer Standard Techni-
cal Review Board 1990).

Conclusion

The development of a logical
data schema from an existing
database environment entailed
the following steps.

1) Establish a tentative entity list
by examining data items and
determining what they are de-
scribing;

2} Scrutinize the list of tentative
data entities and apply the en-
tity verification test;

3) Define the entities;

4) Determine the business relation-
ships between entities;

5) Define the relationships and
connect the appropriate entities;

6) Create the data schema and for-
malize.

Adhering to these data analy-
sis steps will provide a data ar-
chitecture from which future ap-
plication enhancement or
system development can take
place. When expanded, it can
also serve as a data documenta-
tion tool which can be used to
identify critical data connections
throughout the organization,
The results of this applied struc-
ture and associated documenta-
tion will greatly increase infor-
mation connectivity within the
organization, user and analyst
comprehension of the data re-
source, database stability, and
application/system development
efficiency.

In reference to the entity-rela-
tionship construct, Calkins and

Marble (1987, p. 119) have
stated that “. .. the risks in-
volved in the development of a
large, expensive database can be
substantially reduced . . ., the
useful life of the cartographic
database should be extended,
again contributing to the eco-
nomic viability of the .. . sys-
tem.” In recent months, this
view has been substantiated at
the Washington State Depart-
ment of Natural Resources,
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Note

1. The definition for the acronym “CASE” is
seen in some literature as “Computer-Aided
Software Engineering.” This author believes
the use of "Systems” {rather than “Soft-
ware”) to be more descriptive of the tool’s
capabilities.
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