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Upgrading Real Property Boundary Information

in a GIS

Raymond J. Hintz and Harlan J. Onsrud

Raymond Hintz is an assistant
professor in the Department of
Surveying Engineering at the
University of Maine. His research
interests include automated data
collection, photogrammetry, and the
reduction and analysis of surveying
measurements.

Harlan Onsrud is an assistant
professor in the Department of
Surveying Engineering at the
University of Maine and a research
scientist with the National Center
for Geographic Information and
Analysis. His research interests
include the diffusion of geographic
information innovations, and legal
and liability issues impacting digital
data environments.

Abstract: One difficult issue facing geographic information system (GIS)
developers in the United States today is the current inability to create spatially
accurate, legally supportive and operationally efficient land ownership data-
bases. Solutions providing strong legal foundations for GIS are not simple.
Often repeated attempts at digitizing inconclusive cadastral data and cross-
referencing title information are stopgaps at best. Methods for supplying
comprehensive and officially sanctioned cadastral data are currently being

investigated.

This paper describes technology for establishing a measurement-based
management system at the local government level, The audience will gain an
understanding of how sophisticated surveying computations, least squares
analysis, statistical techniques, and blunder detection methods have now been
packaged in an automated black box. Tools which were available previously
to only highly specialized surveying experts are now potentially useable by
surveying technicians, Through use of these powerful tools, maintenance over
time is readily achievable for cadastral measurements in a GIS database.

M any current and potential
users of automated geo-
graphic information systems are
ultimately interested in use, con-
trol, or management of real
estate or the resources associated
with it. Thus, almost all current
and future users of GIS even-
tually ask: Who owns the land
and what are the limits of that
ownership?

In practice, methods for
providing a reliable link between

Note: This work is based upon work partially
supported by the National Science Founda-
tion under Grant No. SES-88-10917. Any
opinicns, findings, and conclusions or recom-
mendations expressed in this material are
those of the authors and do not necessarily
reflect the views of the National Science
Foundation.
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legal ownership interests in land
and the physical location of
those interests are largely non-
existent in the United States. The
availability of tax assessor maps
has made them the convenient
choice as the cadastral base for
most local geographic informa-
tion systems now being assem-
bled in the United States. How-
ever, tax assessor maps were
never intended to provide highly
accurate, legally defensible
descriptions of individual parcels
in a jurisdiction. The danger in
using conventional tax maps as
the basis for the cadastral layer
in an automated land informa-

tion system is that data derived
from or dependent upon this
layer will give a false impression
of high accuracy, and that de-
rived data appearing on the com-
puter screen could be sanctioned
by the local government. De-
rived data are likely to be relied
upon in situations where they
should not be used and as a
result cause damages.
Ownership rights in real
property under the U.S. legal
system are defined by the
owner’s deed and the chain of
instruments that precede that
deed. Therefore, it is desirable to
utilize the boundary description
in the cadastral layer, if possible.



A problem arises in that many
deed descriptions, although clear
on their face, are unclear when
attempts are made to precisely
locate the described parcel on the
physical earth. Land surveyors
professionally interpret the evi-
dence called for in individual
conveyance instruments in carry-
ing out property surveys. As a
result, the best available evidence
for precisely locating the deed-
described bounds of a parcel
typically consists of the measure-
ments made by land surveyors
(Dansby and Onsrud 1989).

Figure 1 provides a model
for a useful multipurpose cadas-
tral system. Surveying measure-
ments tied to ownership parcels
provide the crucial link between
those land attributes determined
primarily through physical obser-
vations and those attributes
determined primarily through
resort to legal system considera-
tions and definitions.

Providing Strong Legal
Foundations

Solutions in providing
strong legal foundations for GIS
are not simple. In developing an
ideal land ownership database,
several major needs become
immediately evident.

¢ The land ownership database
must be spatially accurate—down
to the precision that surveying
measurements allow. If a future
user of the GIS wants to overlay
the cadastral layer with a build-
ing layer which has been mapped
photogrammetrically, the GIS
should be able to indicate allow-
able setback distances to the
property lines. In other words, if
a firm tie to legal rights in land is
desired, the spatial accuracy of
the cadastral parcels should be as

good or better than that required
by any other layer.

¢ The ideal cadastral database
should be operationally efficient.
An example input system is
shown in Figure 2. A secretary
should be able to enter data into
the system and a surveying tech-
nician should be able to operate
it. The system should identify
any blunders that the secretary
might make, as well as identify
blunders in measuring that land
surveyors feeding data into the
system might make. While vari-
ous types of numerical blunders
must be identified, it is also very
important to identify various
types of station labeling prob-
lems. Two examples of the latter
include different points having
the same name and a single point
having more than one name.

e The database should be legally
supportive. In other words, the
land ownership database should
be based upon the documents the
legal profession will resort to in
the event conflicts between ad-
joining parcels arise.

Objectives for an Automated
Measurement Management
System

In the authors’ view, such
a database is supportable most
efficiently through an automated
measurement management sys-
tem. The ideal automated mea-
surement management system
should carry out a great deal of
sophisticated measurement analy-
sis. However, that sophistication
should remain invisible to the
typical user. The system should
provide valid answers but ask
very few questions of the user.

The ideal cadastral data-
base contains measurements.

There should be no derived data,
adjusted data, or massaged data
in the system. Only directly
observed data should be con-
tained in the database. The man-
agement system should handle all
computations leaving little for
the surveyor to do beyond iden-
tifying property corners on the
ground and reporting measure-
ments.

A well-designed measure-
ment management system should
identify any blunders in measur-
ing or labeling that the surveyor
may have made in the field. For
instance, if a measurement is
reported as 44.35 when it should
have been 44.53, the system will
indicate a probable blunder in
that measurement.

Without human interven-
tion, the system should auto-
matically compute the coordinate
values of all parcel corners in the
system. The system should indi-
cate graphically and numerically
the reliability of each derived
corner location.

The system should be
established such that each time
additional measurements are fed
into the system, it must be veri-
fied that the new data are con-
sistent with the existing data. If
new measurements appear to be
less accurate than previous mea-
surements to the same monu-
ments, warnings should be out-
put to the operator. If old mea-
surements in the system are
found to be blunders or substan-
tially less accurate than new
measurements, similar indicators
must clearly identify the situation
to a user.

Land records are housed
and administered primarily at the

Hintz/Onsrud/URISA Journal 3



FIGURE 1.
Model of a Multipurpose Cadastre
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FIGURE 2.

Measurement Input
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county or local government level
in the United States. Therefore,
the centralized automated mea-
surement management system
should be operated by the GIS
cadastral layer manager at this
facility. Private sector users
would access information via
modem. They should have the
ability to add data for subse-
quent verification and input, and
also retrieve data in a localized
area of concern. The accessibility
of the information is required for
success of the measurement man-
agement system.

An Operational Automated
Measurement Management
System

A prototype system meet-
ing many objectives just de-
scribed has been developed
(Hintz, et al. 1988). The system
is currently being used and tested
by the U.S. Bureau of Land
Management and several private

surveying firms. The system has
also been used to establish
cadastral survey control net-
works for the city of Altamonte
Springs, Florida and Orange
County, Florida. The system has
recently been updated to input
and analyze survey measure-
ments collected on a hand-held
PC equipped with data collector
software. This collector can be
interfaced to any commercially
available total station. Use of the
system in practice is explained
through a series of simplified
figures.

Presume that a measurement
based cadastral layer in a GIS is
to be established. The parcels
illustrated in Figure 3 are the first
four parcels which will be en-
tered into the database. Presume
for purposes of this initial exam-
ple that the deeds of the adjoin-
ing owners describe the same
corner monuments and that con-
flicts between the ownership lines
do not exist. '

Figure 4 shows the survey
traverse network completed
around each land parcel. The
accompanying table shows how
conventional terrestrial survey
measurements were recorded.
Unlike traditional traversing,
notice there is no need to keep
track of the order in which sur-
vey measurements were col-
lected. In addition, the survey
measurements could have been
made by radial survey rather
than by traverse. There is no dif-
ference in the data entry pro-
cedure for this type of data col-
lection. A different file structure
is used for vectors derived from
use of the Global Positioning
System (GPS).

Hintz/Onsrud/URISA Journal 5



FIGURE 3.

Deed Parcels
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After entering the data
into the computer by keyboard
entry, or by automatic file trans-
fer from a data collector or vec-
tors from GPS processed files,
blunders in the data are auto-
matically isolated in 2 user-
friendly pre-least squares routine
{(Vonderohe and Hintz 1987).
After any exposed blunders are
corrected by the operator, auto-
mated initial coordinate genera-
tion occurs for added points in
the system (Vonderche and Hintz
1986). Then least squares analy-
sis occurs. Blunders undetected in
the pre-analysis stage may now
be identified by several quality
control procedures. Post-least
squares processing completes the
tasks of calculating coordinate
standard errors, error ellipse
information, residuals for all
measurements, post-adjustment
traverse misclosures (automatic
and/or user-defined routes),
adjusted bearings and distances
for desired lines, coordinate lists
and drawing files that are in a
format readable by other soft-
ware systems (Onsrud and Hintz
1989).

Figure 5 shows the error
ellipses (one sigma) that may be
automatically generated and
drawn by the system. Error
ellipses represent the magnitude
of the uncertainty of coordinates
in 2-D space, and can be auto-
matically determined at a user-
prescribed confidence level.
Notice the map scale for the
error ellipses is different from
that of the traverse legs. For
instance, the major axis length
for the error ellipse at property
corner L is approximately 0.075
feet whereas the distance from K
to L is approximately 428 feet. In
all examples, stations D and H



had fixed (constrained) coor-
dinate values from a previous
survey. In a readjustment of a
larger data set that contains the
shown data, it may be desirable
to constrain stations other than
D and H (possibly geodetic con-
trol stations), but constraints on
measurement data need to be
handled on a case-by-case basis.
Since measurement information
is retained, the adjustment
becomes a verification of data
quality and not a determination
of final coordinate values.

Presuming that the error
ellipses are small enough for any
immediate purposes intended,
best estimates of the bearings and
distances for all the parcel boun-
daries may be generated. If a sur-
vey plot is desired, additional
labels, tables, and headers can be
easily added in a CAD or GIS
environment to which the mea-
surement management informa-
tion has been digitally imported.
The resulting plat is illustrated in
Figure 6. Thus, the system devel-
oped so far shows that it is possi-
ble with very little human inter-
vention to generate a final plat
with little more than angles, dis-
tances, and labels as input into
an automated measurement man-
agement system.

In Figure 7, an additional
land parcel has been added to
the cadastral base (i.e., Cook)
and another has been subdivided
{i.e., Hintz into Hintz and Zhao).
The additional survey measure-
ments are added to the database
and the resulting network hubs
are illustrated in Figure 8.

The software described
previously is run once again and
error ellipses are generated as
illustrated in Figure 9. Notice
that because of the additional

FIGURE 5.
Error Ellipses
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FIGURE 7.
Deed Parcels Updated
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measurements the reliability of
the derived position of point L
has increased and the major axis
of the error ellipse at that point
has decreased to approximately
0.045 feet.

Once again, in Figure 10,
the final plat is generated digital-
ly. Notice that some distances
and bearings have changed
slightly from those in Figure 6.
This is due to the added mea-
surements and increased resultant
reliability of the derived corner
positions. Thus, the database up-
grades itself over time. This up-
grading of information solves
many of the temporal problems
in survey measurement main-
tenance. At some point in time,
the positions of the property cor~
ners become known to an ade-
quate degree of reliability for
almost all land ownership pur-
poses. At that point, it is no
longer necessary to add further
measurements to the database
except perhaps as a check on
those new observations. If a sur-
vey monument is destroyed and
the position needs to be re-
located, the information in the
measurement management sys-
tem is easily accessed to reliably
relocate the original position.

If a well-planned labeling
scheme is employed, it is possible
to let numerous “islands” of sur-
vey networks grow in a com-
munity over time. Perhaps none
of these islands will be tied to
geodetic control initially. For
instance, each island of parcels
might assume an independent
coordinate system. Over time, as
measurements are added to the
database which links islands
together, larger islands are
formed. Eventually islands are
encountered that have been tied



to geodetic control monuments
or contain GPS observations, At
that point, interconnected links
can be automatically referenced
to the absolute coordinate
system.

It is important to recog-
nize that the entire measurement
management data set need only
be completely readjusted fairly
infrequently (Hintz, et al. 1988)}.
This is crucial as readjustment of
the entire data set could require
the simultaneous solution of tens
of thousands of equations for
data in a metropolitan area. This
would be very time consuming
on a PC-based system. Local
adjustment of data occurs fre-
quently as data are added and
need to be verified.

Further Developments

It is not suggested that
massive remapping or resurvey-
ing programs should be pro-
moted to secure validity of the
information in the cadastral layer
of a GIS. Such programs are gen-
erally unwarranted. When a real
property conveyance takes place
in the United States, survey mea-
surements usually are made of
that parcel. If a systematic means
can be devised to capture the
data already being collected, the
cadastral database desired by
many potential GIS users will
become a reality.

Use of the described
system to compile and main-
tain ownership line locations
in a GIS does not suggest that
property lines digitized from tax
maps should be thrown out.
That information is sufficient for
many intended purposes. The
current challenge for the survey-
ing and GIS academic commu-
nity is to develop a means of

FIGURE 9.
Updated Error Ellipses
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upgrading the spatial information
derived from tax maps to spatial
information derived from real
property surveys.

Because both approximate
cadastral information from tax
maps and accurate cadastral
information from surveys are
envisioned as being contained in
the same GIS, means of identify-
ing which category the data
belong to must be developed.
Numerous tagging methods are
possible. Perhaps just maintain-
ing two separate cadastral layers
initially may be satisfactory for
some purposes.

The above described system
goes a long way in solving the
temporal problem for surveying
measurements in a GIS. How-
ever, it doesn't begin to address
the temporal problems associated
with the characteristics of the
real property parcels (i.e.,
changes in land use, zoning,
vegetation cover, erosion, etc.).

Another problem is how
to upgrade other layers in the
GIS that are dependent on the
cadastral layer. For instance, pre-
sume that the initial cadastral
layer in a GIS was formed by
digitizing lines from tax maps. A
sewer line is known to run down
the center of a street and is so
shown in another layer of the
GIS. When the cadastral layer is
updated using survey measure-
ments rather than the digitized

10 URISA Journal/Refereed

tax map information, the sewer
line may now appear a substan-
tial distance from the center of
the street. GIS developers may
want to consider developing
methods of inputting data that
will tie it to the cadastral layer.
As the cadastral layer is updated,
those other layers may then also
be automatically updated (Kjerne
and Dueker 1988).

The last issue raised is
that providing accurate measure-
ments between corners described
by conveyance instruments does
not in itself resolve boundary
conflicts between adjoining real
property owners. Developing a
survey-based cadastral layer is
likely to show the location,
extent, and nature of such con-
flicts. For instance, in Figure 1,
the cadastral layer clearly shows
that the deed-described parcel
owned by Onsrud and the deed-
described parcel owned by Hintz
are in conflict with each other.
This conflict must be resolved as
it always has been by resorting
to the laws established by the

U.S. legal system. The surveyors’

role in this area will always
remain to explain facts, provide
evidence, express opinions, and
aid the adjoining landowners in
resolving the conflict in a legal

forum for reaching a property
line agreement.
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Abstract: A control reference system, consisting of a set of physically
monumented points on or near the earth's surface and the geometrical data
indicating their horizontal or vertical locations, allows detailed dependent
measurements of the locations of land features to be made and adjusted. When
the control reference system is established with prescribed precision and
accuracy, it becomes a geodetic reference system (GRS). Traditionally, invest-
ments to establish and maintain a GRS are seen to provide benefits in the
form of reduced costs for dependent measurements. This paper views a GRS
as the source of information which is an input into a process whose outcome
is a decision about growth, resource, and environmental management. The
particular contribution that a GRS makes is the compatibility imparted to the
location of features measured and adjusted relative to the system. Using this
view, we have developed and tested a method for measuring the benefits of
investments to upgrade, maintain, and use a GRS. These benefits are the costs
avoided in establishing the compatibility of data when this has to be done at
the time of decision-making. A test of this method in a particular jurisdiction
shows a benefit-to-cost ratio considerably greater than one.

A control reference system
consists of a set of points
on or near the earth’s surface and
the geometric data indicating

their horizontal or vertical loca-
tions. The geometric data are fre-
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sity of Maine in a report entitled “The Use
and Value of a Geodetic Reference System,”
available from the National Geodetic Infor-
mation Center, NOAA, Rockville, MD
20852,

quently expressed in the form of
plane-coordinates relative to a
datum which is the reference or
base for measurements (National
Geodetic Survey 1979, p. 21).
These data become the
basis for a framework allowing
detailed dependent positional
measurements to be made and
adjusted. The control reference
system becomes a geodetic ref-
erence system when the points,
often identified by physical
objects, are located with a pre-
scribed precision and accuracy
(geodetic precision) that is
greater than that required for
other dependent measurements tional Research Council). How-
(National Geodetic Survey, p. ever, the contributions (benefits)
18). of the system to the develop-

by the geodetic data. The desig-
nation given to survey measure-
ment work of the highest pre-
scribed order is first-order
(National Geodetic Survey, p.
31). This paper describes the role
of a GRS in a particular process
or use. That process is the use of
geographic and land information
products and services in decision-
making involving growth, re-
source, and environmental man-
agement issues.

It is generally understood
that a GRS significantly increases
the cost of accurate land mea-
surement and surveying {Na-

A geodetic reference sys-
tem (GRS) is classified according
to standards for precision and
accuracy, which must be satisfied

ment, maintenance, and use of
geographic and land information
systems is not well defined. Iden-
tification and description of such
contributions are the goals of the
work described in this paper.
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A GRS is described in a
National Academy of Sciences
panel report as necessary in
order to:

Create an integrated land-records
and information system. This
system permits spatial reference of
all land data to identifiable positions
on the earth’s surfacce. It can be
used to form a common index for
the land-records and resource infor-
mation when that information con-
tains a coordinate reference to the
earth's surface. (National Geodetic
Survey, p. 45)

Our research views the
information products of a GRS
as vital inputs to a process whose
final outcome is a decision about
growth and resource manage-
ment. The perspective that GRS
products serve as inputs to a
decision-making process is crucial
to our approach. In this view,
the reference system is seen to
be, not an end product itself, but
the source of information and
data for other processes whose
outputs are desired and valued.
Ultimately, our attention to use
and value is focused on the
demand for useful products to
which reference system informa-
tion contributes (Mackaay 1982).
In short, the demand for a GRS
and such information products
flows from their ability to con-
tribute to decision processes.

Identification and descrip-
tion of the role of GRS, how-
ever, present difficulties. These
arise whenever one is forced to
identify and monitor the flow of
data and information. The re-
search described in this paper
identifies the contribution of
GRS products and services to the
process of growth, resource, and
environmental-management deci-
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sions. It results in a method for
assessment of the benefits and
costs to upgrade and utilize a
GRS in that process.

Information Concepts

Information has several
features that distinguish it from
other traded commodities (Mac-
kaay 1982). A critical feature of
information is that it has charac-
teristics of a public good (Bar-
lowe 1978). In economics, a
public good means that use of
the product by one person does
not curtail use by another. In the
contrasting case of a private
good such as a car, use by one
person denies use at the same
time by someone else. Maps and
geographic information are often
produced as a public good by
governments. A GRS is another
example. Another distinguishing
feature is that it is difficult to
measure the quantity of informa-
tion actually acquired. A final
distinguishing feature concerns
the ability to assign property
rights to information (Mackaay
1982). A precondition for opera-
tion of a market is that property
rights be created and protected
by law. In the absence or limita-
tion of such rights, suppliers
either find it unprofitable to pro-
duce the product, or, if pro-
duced, tend to underproduce it.
If the producer cannot prevent
use of the product in the absence
of payment, then the ability of
market processes to generate the
optimum amount of the product
is compromised. For information
products, there are varying
degrees of ability to assign prop-

erty rights. For example, the
patent or copyright system
assigns property rights to knowl-
edge in order to create incentives
for its production. The limited
ability to maintain property
rights in information products
raises the question as to the
extent to which market processes
are workable for these products.

The Analytical Framework

Qur analysis focuses on
the contributions (benefits) of
GRS information to growth,
resource, and environmental
decision-making. This requires
that we adapt the definition of a
reference system to the scope of
that process.

We distinguish between
site-specific control, described as
local control or simply control,
and a “global” reference system
based on a geodetic reference
system. Site-specific control con-
sists of the points and associated
data used for land measurement
within a limited area or for a
specific project. Site-specific or
local control is the basis for a
site-specific datum used to sup-
port decision-making involving
activities such as subdivision,
road, bridge, building, marina,
or other project development
confined to a limited, well-
defined area. It is often estab-
lished at the time of the project
development.

A global reference frame-
work supports actions and deci-
sions involving a more varied set
of activities. For example, regula-
tory and environmental decisions
require that data and information
be assembled not only for the



FIGURE 1.

Relationship Between Primary Producers and Users of a Geodetic Reference System
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site-particular project, but also
for a much larger impacted area.
This requires data and informa-
tion about not only the relative
locations of features within the
project area (the relative accu-
racy), but also the position of
the various features that consti-
tute the entire area {positional
accuracy). More importantly, the
independent data and informa-
tion for specific projects must be
compatible such that they can be
combined into an appropriate
information package for the
whole.

This distinction between local
and global reference system
allows us to distinguish between
primary and subsequent users of
the products of a geodetic ref-
erence system. Primary users of
spatial reference are those who
make site-specific or project-
specific measurements. These are
typically surveyors, mappers,
engineers or other land measure-
ment professionals. Their basic

needs are most often for local
control.

The subsequent users of
maps, measurements and geo-
graphic information related to a
reference system are citizens,
planners, public officials,
lawyers, judges, developers,
bankers, and similar decision-
makers, often without expert
knowledge of or experience with
the spatial products or the scien-
tific measurements they repre-
sent. These users seek data and
information, at reasonable cost,
as a means of reducing uncer-
tainty associated with decisions
involving growth, resource in-
vestment, and environmental
issues. Frequently, they need a
variety of comprehensive data
and information from several
sources about several sites that
must be combined into an infor-
mation package useful for their

specific decisions. Their needs
generate a demand for universal
compatibility in spatial infor-
mation.

The relationship depicted
in Figure 1 suggests a need for
universal compatibility in spatial
information. While universal
compatibility is often not a criti-
cal need for primary users of
spatial information, it is a major
need for many of the secondary
and tertiary users.

While Figure 1 illustrates a
variety of applications, it is not
intended to be a complete repre-
sentation of usage. The four col-
umns each represent a primary
activity that generates or utilizes
spatial information products in a
singular activity. Although the
material is depicted vertically, we
recognize that, in reality, over-
laps and connections exist among
the four activities. As a means of
simplifying the exposition, we
assume that, in each primary
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activity, ten spatial information
products are produced. For
example, for construction activi-
ties, C1, . ..., C10 represent
individual information products
used in decision-making for
construction.

Our observations as to
how the needs for spatial infor-
mation are typically satisfied can
be shown by reference to the
construction column in Figure 1.
The typical pattern is that spatial
information products needed for
decisions involving construction
activities are produced in a man-
ner and context mainly, if not
solely, determined by the pri-
mary mission construction. This
should not be surprising. For
example, the typical highway
department produces information
it needs with a local control
system that yields the accuracy
and compatibility required for its
purposes. Consequently, the
information products will be
compatible, but only for the spe-
cific site or project. This scenario
tends to be repeated in the other
columns. Individual activities or
organizations generate the type
of spatial information needed for
their specific mission, which
means that data tend to be com-
patible on only a local basis.
Each primary activity has little
need to draw upon spatial infor-
mation products generated by
others. In other words, data
associated with each primary
activity tend to be isolated and
there is little reason for the data
to have what we describe as uni-
versal compatibility. This is a
logical cutcome within an organ-
ization. The need for universal
compatibility does not tend to be
a pressing concern within a
specific primary activity, unless
the site development process
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requires decisions of a wider
scope than those associated with
the site itself.

The demand for universal
compatibility arises mainly from
activities and decisions that
require large amounts of diverse
spatial information across a large
number of primary activities.
These needs typically arise from
secondary or tertiary uses of the
original information products
generated within each primary
activity. In Figure 1, such uses
are shown as land-related deci-
sions which utilize information
products from each of the four
primary activities. The ability to
integrate and combine these in-
formation products requires that
the products and the underlying
data have the attributed univer-
sal compatibility. We wish to
emphasize that it is the secon-
dary and tertiary users who
create the main demand for uni-
versal compatibility. Unlike pri-
mary users, secondary and ter-
tiary users find universal com-
patibility to be an important at-
tribute of information products.

In practice, limited re-
sources within an organization
often limit the production or
maintenance of spatial informa-
tion with the attribute of univer-
sal compatibility. Organizations
often produce spatial information
only sufficient to meet primary
and immediate needs with little
or no consideration to the needs
of secondary or tertiary users.
However, it is the demand for
spatial data compatibility by
these non-primary users that is
the origin of the demand for a
global geodetic reference system.
Spatial information generated by

the system ensures that the needs
will be met of both those who
execute a site-specific activity
and, more importantly, the sec-
ondary and tertiary users who
require compatible data and
information.

When a GRS is used to
produce information products
such as C1, ..., C10 and
LV1, ..., LV10, those who
combine data from each primary
activity can proceed with rela-
tively minor additional adjust-
ment or expense. For example, if
a secondary user needed an
information product defined as
C21.V8, use of a geodetic system
ensures that the two databases
can be easily combined with a
high and known degree of
accuracy.

Local compatibility may
be totally adequate for decisions
in a single, primary activity.
However, users at a higher level
of aggregation must be able to
relate independent sets of infor-
mation. These users require the
presence of universal compatibil-
ity—a characteristic imparted
when a geodetic reference system
is used to make site- or project-
specific measurements.

Thus, the unique product
of a geodetic reference system is
universal compatibility of data
and information. The output is
not monuments, nor data about
the location of monuments.
These are inputs. Previously, we
emphasized that economic value
flows from the demand for the
output or product. In this con-
text, the benefits attributable to
the investment in a GRS arise
from the demand for universal
compatibility.

The following major
points have been made:



¢ The economic value of a geodetic
reference system is found in the
unique product it yields.

¢ The unique product is universal
compatibility.

¢ Demand for universal compatibil-
ity arises mainly in the case of
secondary and tertiary users of
spatial information products.

» Agencies and organizations that
initially produce much of the
spatial information tend to have
little concern for the need of uni-
versal compatibility by secondary
and tertiary users.

Attributes of a
Geodetic Reference System

Traditionally, a control
system is understood to be a set
of physical objects in the ground
and the data that describe their
locations in a mathematical form
(National Geodetic Survey, p.
18). These objects and the de-
scriptions of their locations are
the basis for measurements of the
locations of various land
features.

The major contribution of a
GRS is its ability to impart the
attribute of universal compatibil-
ity to what would otherwise be
independent data and measure-
ments. The process by which a
GRS makes such a contribution
is illustrated in Figure 2.

The relation between a
GRS and the various land data
files is commonly depicted as in
Figure 3.

Prospectively, and with-
out elimination of the traditional
view, a GRS can be seen as the
information pins that hold to-
gether otherwise incompatible
spatial data. A genetic reference
system means compatibility.

A GRS that provides uni-
versal compatibility to a variety

FIGURE 2.
The Role of a Geodetic Reference System in Compatibility Creation
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of data files has the following
elements:

Density

Accuracy

Spatial Extent
Mathematical Language
Operational Effectiveness

Density and accuracy
have the meanings commonly
associated with control systems
(National Geodetic Survey, p. 2).

Spatial extent means ade-
quate distribution throughout a
community sufficient to encour-
age common reliance by primary
and subsequent users. The ref-
erence system must provide for a
common mathematical language
for measurement data and for
spatial referencing and analysis
of all land-related data. Finally,
the information about the spatial
reference system must be made
widely and conveniently avail-
able to the various users and
thereby be operationally effective.

The Benefit Stream:
Avoided Costs

Measurement of eco-
nomic value is reflected by the
amount of money consumers
would be willing to expend to
acquire various amounts of a
product. In the case of a private
product, market transactions
provide the basis for quantifica-
tion of value or benefits and the
demand relationship can be esti-
mated. In the case of a product,
such as a GRS information prod-
uct, the principle is the same, but
market transactions are not
available to serve as a means of
identifying the demand curve.
Alternative means must be used
to quantify the benefit stream
flowing from the system (Wun-
derlich and Moyer 1984).
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Because economic value is
a demand-initiated concept, a
GRS is properly viewed as an
input, which, in combination
with other inputs, is capable of
producing various outputs or
products. Economic value of the
GRS is derived from the level of
demand for these outputs. If no
demand existed, no economic
value could be assigned to the
reference system. In other words,
because a GRS is available and
numerous products based on the
system are technically possible, it
does not automatically lead to
the conclusion that public expen-
ditures designed to densify and
maintain the system and/or to
promote greater usage of the sys-
tem represent an economically
efficient use of resources. Such a
conclusion requires an assessment
of the magnitudes of benefits and
costs.

This research assesses the
benefit and cost streams resulting
from use of an existing GRS.
While their density and accuracy
may vary, geodetic reference sys-
tems exist in all areas of the
United States. Expenditures to
create a GRS at some level have
already been made; these are the
result of past decisions. They
are, in more than one sense, a
“sunken’ cost. The expenditure is
history. The important decisions
for benefit/cost analysis are
those that are prospective. The
relevant prospective decision
focuses on the benefit-cost levels
resulting from using scarce
resources to alter the attributes
of a GRS.

Qur analytical approach
rests upon a basic principle: mea-

sureable benefits generated from
an investment include the costs
avoided as a result of the invest-
ment. These savings are properly
interpreted and treated as bene-
fits. The rationale, in terms of
demand and expenditure, is that
one would be willing to pay an
amount equal to the cost savings
in order to obtain the savings.
The magnitude of the avoided
costs, while not reflecting the
complete demand relationship,
represents a minimum estimate of
economic benefits. These are tan-
gible benefits.

The principle of avoided
costs can be applied to our
attempt to assess the economic
value of using a GRS. Assume
that a particular decision must be
made and that it requires spatial
information indicating the posi-
tion of three physical features.
Most importantly, the decision
requires the three pieces of
spatial information to be com-
bined and represented in a man-
ner that allows the user to relate
each feature to the others, and
that this is done by placing the
information on a single map. In
other words, the three pieces of
information must be universally
compatible and capable of being
placed in a single information
file.

The manner by which a
GRS leads to avoided costs
{benefits) is illustrated by con-
trasting two situations: {1) the
three pieces of spatial informa-
tion exist and are based upon a
GRS; and (2) the information
exists, but each piece is based on
a separate and unrelatable mea-
surement or reference system. In
the first case, universal compati-
bility exists. But in the second



situation the information prod-
ucts lack universal compatibility.
The needs of the decision-maker,
in our example, can only be
satisfied by incurring additional
costs to attain the required com-
patibility. However, these addi-
tional costs are avoided in the
first situation because a GRS was
originally used to generate the
three information products.
Thus, they represent part of the
benefit stream attributable to a
GRS. The avoided costs are
properly viewed as a minimum
estimate of the benefit stream.

The following discussion
attaches a more operational
meaning to the framework.
However, we want to emphasize
that use of a benefit/cost frame-
work to assess the value of a
GRS leads to a dramatic change
in the traditional perspective. In
this context, the system is viewed
as an input, with its economic
value dependent upon the de-
mand for its output: information
products with universal com-
patibility.

Earlier economic studies of
a GRS focused on the effects of a
more dense distribution or more
accurate location of control sta-
tions {Johnson 1972; Brown
1977). The GRS was viewed as a
self-contained unit without a
focus on the unique outputs
obtainable from the system. This
basically led to a limited search
for economic benefits. The major
benefit resulting from greater
density of the system was iden-
tified as savings in traverse time
and lower costs in bringing con-
trol into a specific site. Such sav-
ings are important, but require
careful interpretation as to
whether they represent an eco-
nomic benefit.

In the analysis presented

here, traverse time is viewed as
simply a cost of using the refer-
ence system to produce an out-
put. Any cost saving due to
greater density simply reduces
the denominator of the benefit/
cost ratio, i.e., reduces the cost
of producing the output. In other
words, a saving in traverse time
is not an output of a GRS and
these cost savings are not proper-
ly viewed as benefits. Prior
analysis, by not distinguishing
between inputs and outputs (sup-
ply and demand elements), failed
to identify the most important
source of benefits (universal com-
patibility) attributable to a GRS.
Our framework incorporates the
earlier work, but changes the
perspective from a point-specific
focus to a focus on a system and
the demand for the system
output.

This section defined the
critical elements of the analytical
framework used to identify and
assess the benefits arising from
the existence of a GRS.

The following major
points have been established:

e Universal compatibility is the
unique product obtained from use
of a GRS.

* Economic benefits arise from the
demand for universal compatibil-
ity by secondary and tertiary
users of spatial data.

» Universal compatibility allows
secondary and tertiary users of
spatial information products to
integrate various information
products without additional
expense.

¢ The relevant policy issue concerns
the benefits and costs of using an
existing GRS, not whether such a
system should be created.

Development of the
Benefits Model

Decisions about land plan-
ning, investment, impact assess-
ment, and development are pres-
ent in the public and private sec-
tors in every community. In
some areas, little change in
growth or resource development
is anticipated and investment in a
GRS to support land-related
decisions may not be appropri-
ate. But for many areas facing
rapid growth and resource use,
the cost of utilizing spatial data
and information required for
land-related decisions may be
reduced when compatible data
are gathered in anticipation of
decision-making needs.

Land planning and devel-
opment activities involve phases,
each requiring a significant num-
ber of decisions. Within each
phase a subset of decisions
require spatial information prod-
ucts. Each decision creates a
demand for universal compatibil-
ity in the required spatial infor-
mation products. This demand is
indicated in Figure 4.

The process depicted in
Figure 4 begins with the need for
spatial information products that
support decisions. Decision-
makers assess the adequacy of
existing data files to serve their
needs. If existing data are ade-
quate and compatible, further
data collection is not necessary.
If not, either because the data do
not exist or they are not com-
patible, the decision-maker’s
needs can only be satisfied at
additional effort and cost. The
failure to use a GRS to generate
spatial data and information
causes secondary and subsequent
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FIGURE 4.
The Land-Related Decision Process
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users to incur additional costs to
meet their needs. Initial use of
such a system leads to avoidance
of these costs, the basis for quan-
tifying economic benefits.

We have emphasized the
following points:

* The demand for universal com-
patibility by those who are not
surveyors, mappers, or geodesists
is extensive,

¢ This demand, arising from a vast
number of land-related decisions,
appears to be expanding.

¢ These decisions require the
integration or combination of
large amounts of diverse data
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NO

Supplemental
Data Collection
Required

Geodetic Reference
System not Utilized

information.
¢ Integration of such information
can be accomplished without
additional cost when a geodetic
reference system is the basis for
initial collection of the data.
Public and private deci-
sions often use existing files of
compatible data and information.
Decision-makers act with confi-
dence based on these data and
avoid costly ad hoc field mea-
surements otherwise necessary to
make data compatible. As illus-

tration, consider the case of a
need to obtain the relative loca-
tion of two (or more} subdivi-
sions as a water-related project is
planned and built. Often, each
parcel within a subdivision has
been accurately located and de-
scribed. However, the subdivi-
sion may not be accurately
located relative to a reference
system. Thus, it is necessary to
measure, ad hoc, the relative
locations of the subdivisions.
This measurement and the associ-
ated costs are avoided when the
subdivisions are accurately tied
to a common reference system,
an act which imparts compatibil-
ity to the individual subdivision
data.

It is also important to
note that measurement of the
relative location of two sub-
divisions for a project develop-
ment often disappears into the
chaotic, unorganized local land
records, making the measurement
inaccessible and, therefore, un-
known to subsequent users who
desire the data.

Ad hoc and duplicative
measurements imply avoidable
data-collection costs. They also
impose the costs of delays in
decision-making. This latter cost
is an important consideration
when the argument is made that
modern spatial-measurement
techniques provide inexpensive,
ad hoc measurements. For exam-
ple, advanced surveying and
mapping techniques will reduce
some of the costs for location
and representation of wetlands or
the ordinary high-water mark
and similar natural features.
However, if a decision based on
that location is required, the data
are not available, and it is Janu-



ary in a cold area, then a delay
may occur until information is
obtained. The delay imposes
costs upon individuals, the com-
munity, or both.

It is possible, as we shall
demonstrate, to measure at least
a portion of the avoided costs
generated by GRS investment
yielding compatible data. These
avoided costs include much of
the wasteful repetitive data col-
lection effort required to impart
compatibility when a GRS is
used in the original collection
effort. They do not include in-
tangible benefits that come from
avoiding poor decisions made
with poor data. Neither do the
avoided costs include intangible
benefits arising from the ability
to creatively combine compati-
ble, existing data.

A community investment
in a GRS that supports compati-
ble data and their representation
as maps is an investment in the
ability to make satisfactory map
overlay combinations from exist-
ing files. Each subsequent over-
lay combination can be made to
the community standard of qual-
ity from existing files of compati-
ble data without recourse to ad
hoc measurements. The alterna-
tive to this process is the creation
of compatibility by ad hoc mea-
surements. We are able to esti-
mate these ad hoc costs with the
assumption that they result from
measurements made with con-
ventional surveying and mapping
techniques. We do not assume
that data files or maps must be
redone, but rather that they must
be made compatible. The avoid-
ance of the cost to create or re-
create compatibility is a benefit
attributable to the GRS.

There will be circum-

stances where portions of
project-specific reference systems
used to create maps or files re-
main in place. Here, the neces-
sary ad hoc measurements are
those that establish the relative
location of some of the points
within the separate sites in order
to make the maps compatible.
This is a best-case scenario. In
other circumstances, nothing
remains of the site-specific con-
trol used to create the map. Only
the map itself remains. In this
worst-case scenario, more exten-
sive ad hoc surveying and map-
ping is required to create com-
patibility. In our estimation of
the avoided costs of ad hoc mea-
surement we consider this range
of possibilities.

The costs to create a sys-
tem, built upon a GRS that sus-
tains compatible land data
include the establishment and
maintenance costs for the GRS
and for that portion of the data
collection and maintenance
necessary to make the data
compatible.

The model for evaluation
of the investment in a geodetic
reference system is summarized
as follows:

L (Avoided ad hoc
costs to create
Benefits/Costs = data compatibility)
L (A priori costs
to upgrade and
maintain the GRS,
and to maintain
the compatibility
of data files}

The decision to upgrade
and maintain a GRS is insepara-

ble from the decision to plan
accurate, compatible data. That
is, if compatible data are to be
available when needed, then
there must be a GRS.

The last part of the
denominator recognizes that
maintenance of the entire system
requires periodic updating of
data files and their representation
as maps. A portion of this main-
tenance cost is devoted to mea-
surements that insure that the
updated data remain compatible.

Reference system attri-
butes impose unavoidable field-
measurement costs when data
files and maps are periodically
updated. The greater the ref-
erence system density and accu-
racy, the less the cost of creating
data file compatibility. Increased
reference-system density and
accuracy are not seen as a benefit
but represent lower costs for
operating an information system
that satisfies the demand for
decision-making data, and an
increase of avoided costs.

Testing the Model

The benefits model has
been applied in a specific test
area that has invested in a GRS
and uses it to sustain data and
information for local planning
and development (Bauer 1982).
The test area:

¢ Contains a regional planning

commission encompassing several

counties and municipalities.

Exists within a Public Land Sur-

vey System state,

® Encompasses more than 2,000
square miles.

¢ Has economic activity reasonably
balanced among residential,
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TABLE 1.

Land-use and Community Development Plans

Question Features

Topography and surface drainage .. .............. Topography
Wetlands
Roads
Buildings

Sewers (sanitary and storm)
Water supply

....... Soils

Parcel boundaries
Buildings
Topography
Wetlands

....... Parcel boundaries

Land cover (woodlands, etc.)
Wetlands
Soils

....... Parcel use

Environmental corridors

....... Water supply

Sewers {sanitary and storm)
Wetlands

....... Parcel boundaries

Boundaries for schocls, parks, etc.

....... Roads

Geodetic reference system

....... Parcel boundaries

Building locations
Easements

industry, commerce, and agri-
culture.

Many of the local jurisdictions
within the area have:

* Resurveyed, remonumented, and
established geographical coor-
dinates for a significant propor-
tion of the Public Land Survey
System (PLSS), corners and
quarter-corners.

¢ Used the measurement data to
prepare large-scale maps for an
extensive portion of the area.

* Developed accurate, compatible
data by reference of measure-
ments to the PLSS or parcel cor-
ners which are part of the geo-
detic reference system.
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e Used existing, compatible data
files for land planning and devel-
opment decisions.

¢ Developed common regional
standards of data quality for
decision-making.

* Remained true to NAD27.

The area is balanced eco-
nomically in that there are im-
portant industrial and commer-
cial activities as well as extensive
agricultural areas. There is a
major metropolitan area with
more than one million people
and several smaller cities with

more than 100,000 people. Pop-
ulation growth and economic
development are moderate.

While the area is typical
in many ways, it is atypical in its
degree of reliance on high quality
data for land planning and devel-
opment decisions. Many local
governments have invested in a
GRS according to an area-wide
common standard and produced
spatial information products with
the prospect, often realized, of
avoiding subsequent and costly
ad hoc field measurements. The
use of spatial information based
on a GRS throughout a region of
several counties establishes the
basis for a test of the model.

The regional planning
commission director identified
the following as major activities
which are frequent and require
accurate and compatible data:

¢ Land-use and community devel-
opment plans.

» Watershed and related water
studies.

* Facility development, especially
highway construction.

Land-Use and Community
Development Plans

These plans project future
land use based upon current con-
ditions, projected changes in
population and uses of land, and
the physical capacity of the land.
The plans require answers to
questions that require combina-
tions of data about the location
of a variety of features. The list
of features that are important in

the case study area are itemized
in Table 1.



Water Related Activities

These involve flood haz-
ard management, sewer and
water supply planning, and
natural area conservation for
specific sites and for entire water-
sheds. The following features are
routinely considered and data on
these features are combined from
existing files for a water-related
study:

e Topography

® Surface Water

¢ Soils

* Land use

¢ Land cover—woodlands, etc.
¢ Natural areas—habitat, etc.
s Water supply

s Sewers (storm and sanitary)
¢ Community facilities
* Roads

¢ Wastewater sources
* Parcel boundaries
¢ Building location
¢ Easements
s Precipitation
¢ Population
s Wetlands

Facility Development

For facility development,
especially highway construction,
several data needs arise. These
include centerline location, grade
and topography, right-of-way
location, parcel boundary loca-
tion, land use, building location,
natural areas, and environmental
corridors. Several needs are
resolved by appropriate com-
bination of accurate, compatible
data. The context is not only
physical construction but also a
broader one such as the environ-
mental impact of the project in
our test area.

Highway construction is
not the sole responsibility of the
regional planning commission or

local governments. However,
state and local agencies within
the test area do rely extensively
upon the files of accurate, com-
patible data created and main-
tained by the commission and
local governments. Unfortunate-
ly, these highway agencies do
not typically maintain records of
the land-feature data combina-
tions and the source of these
data for the various decisions
that are made. Thus, we are
unable to include this stream of
decisions in the benefit analysis.
We are assured by state highway
department officials that such
data are used, but they do not
have the retrospective records to
measure the use of such data.
Thus, our estimate of the GRS
benefits is low because the
avoided costs associated with
highway construction cannot be
measured.

Estimating Costs

The calculation of benefits
and costs include the situation
where maps or files exist but are
not compatible (or are not com-
patible to the degree desired)
because they are not tied to a
GRS. Here, one of two possible
types of ad hoc measurements
must be made. These are:

1) The original control is no longer
available because it was not
maintained or was specifically
designed not to be permanent; or

2) The original control is available
{as in the use of site-specific con-
trol), but is not tied to a geodetic
reference system.

Both require field mea-
surements to establish the com-

patibility between various data
files. The former situation in-
volves more measurement than
the latter. Thus, the benefits
from a geodetic reference system
constitute a range which depends
upon the balance of conditions
existing in a jurisdiction.

As an example, consider
existing topographic data gen-
erated from local control data
rather than from GRS data. It is
now desired to combine the
topographic data with other land
feature data. There are two pos-
sible circumstances:

1) The original local control monu-
ments are gone because they were
not maintained or were tempo-
rary by design. The location of
topographic features must now be
integrated with other features of
the ground configuration. This
requires the activities of ground
survey, aerial photography, com-
putation, and drafting based
upon a photogrammetric model.

2) Some portion of the original local
control monuments remain. The
necessary tasks require connec-
tion of the remaining local con-
trol to the GRS by ground mea-
surements and to recompute and
draft the results to produce the
new spatial product. It is typical-
Iy not necessary to repeat the
photogrammetric modeling.

Jurisdictions in the test
area rely on the existing, com-
patible data to avoid the cost of
field measurements. The cost of
these avoided measurements can
be estimated. Estimates, made for
both situations described above,
represent upper and lower limits
of the avoided costs.

Estimates of the avoided
field measurement costs were
made for the test area based
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upon the following resources:

1) Identification by local personnel
of major activities that require
and use existing compatible data.

2) Estimates by local personnel of
the annual rates of major activi-
ties in the area.

3) Planning documents as retrospec-
tive records of actual data use.

4) Planning documents and inter-
views with local officials to deter-
mine decisions made with spatial
information. ‘

TABLE 2.

5) Interviews with surveyors, map-
pers, and photogrammetrists to
estimate the cost of avoided field
measurements that would have
been necessary to produce com-
patibility of the existing data.

The general problem of

estimates is illustrated by the
example of topographic data. For
one case where topographic data
exist {often in the form of topo-
graphic map) but nothing re-

Estimated Cost of Making Land Feature Data Compatible
(costs expressed in dollars per square mile in 1983 dollars)*

mains of the local control used to
generate the data, measurements
must be made that tie the topo-
graphic data to the geodetic ref-
erence system. All data must be
tied to the system. This problem
requires ground survey, aerial
photography, modeling and plot-
ting. For the other limiting case
where the topographic data exist
and some or all of the local con-
trol remains, measurements must
still be made but less effort is

Feature Original Control Destroyed Cost Original Control Recoverable Cost
Topography Aerial photography ................ $ 200 Groundsurvey .................... $ 400
Plot {model) ............ ... ... ... 1,200 Compute, draft ................... 400
Ground Survey ................... 400 $ 800
$1,800
Roads Aerial photography .............. .. 200 Ground survey ..........o.ooovin 400
Plot ... 200 Computeplot ................. ... 200
Ground survey .......c.......ovnnn 400 $ 600
$ 800
Sewers {storm and sanitary) Ground survey .................... 400 Ground survey ................o.uns 200
Compute and draft ................ 100 Compute and draft ................ 100
$ 500 $ 300
Parcel boundaries Groundsurvey .................... 2,600 Ground survey {compute) .......... 100
{Registry work done) Graphics . ...... .. i 200 Graphics .......... .. ... ...l 200
$2,800 $ 300
Building location Aerial photography ................ 200 Ground survey ...........c.oovie..s 400
Plot ..o e 600 Compute, plot .................... 200
Ground survey .................... 400 $ 600
$1,200
Easements Groundsurvey .................... 2,600 Groundsurvey ................. ... 200
Compute, graphics ................ 200 Compute, graphics ................ 200
$2,800 $ 400
Soils™” Graphics, plotting ................. $ 200 Graphics, plotting .. ............... $ 200
Wetland
Land uses

Environmental corridors
Surface water

Ground water

Land cover

Others

*Cost estimates are consensus figures based on industry fee schedules.

**These and other features are ambulatory. The major effort to maintain these files is field measurement. The indicated values are the
avoided compatibility costs when data about features are regularly maintained in compatible form.
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required. Although no aerial
photography is required, ground
surveying and some computation
and redrafting are necessary.

We have estimated the

TABLE 3.
Land-use Community Development Plan Costs
(costs expressed in dollars per square mile)

Avoided Costs

avoided costs of obtaining com- Decision Features Combined High Low
patibility for the set of independ- Topography and surface Topography ............ ... oo $ 1800 $ 800
ent, compatible files typically Wetlands ..........c.oooioinn 200 200
maintained and used by jurisdic- go?;gf’ """"""""""""" 1 g% ggg
tions in the test area. Clearly Sewers ...l 50 300
there is a range of estimates that I ' '
depends upon the measurement Soil suitability Soils [ 200 200
techniques employe d and the Pax_rce_ oundaries ............... 2,800 300
. Buildings .......... ..o ot 1,200 600
accuracy desired. We have Topography ................... 1,800 800
assumed the use of current, Wetlands .. ...oovnerroniinn. 200 200
standard S_uwequg and phOto-_ Existing land use Parcels ..o 2,800 300
g.rammeulc techniques. In ad_dl' Land cOVer ......cooovvininnnnn 200 200
tion, we have assumed the high Wetlands .........oooviiiiinn. 200 200
standards of data accuracy and Soils ..o 200 200
FOI?Ip::;lti!Dility demanded by the Zoning Parcel USe ..o vvvve i 200 200
jurisdiction that serves as our test Environmental corridors ......... 200 200
area. An lr}dlc,atlon of these Community utilities and Water supply ... .ot 500 300
standards is given by the fact facilities SEOTIN SEWRTS . oo vve e e cnenn s 500 300
that the area has established the Sanitary SEWers ... .............. 500 300
geographic coordinates of corners Wetlands ... 500 300
in its Public Land Survey System Parcel, park and school boundaries 2,800 300
to an accuracy corresponding to Roads ....cvevverrerees 800 600
traditional second-order stand- Property Pall'ce.l boundaries ............... 2,800 300
ards. The jurisdictions typically gmld“;%i """"""""""" ;g% igg
prepare base and thematic (land , , ) ASEMENTS - o —
feature) maps for the decision- Total avoided costs, including all decisions and combinations ........ $26,900  $9,300

making process.
Table 2 contains cost esti-
mates using methods described in

the example for topographic data
and applying the standards of the
test area.

For land-use and commu-
nity development plans, the com-
binations of land feature data in
Table 3 are routinely made
within the test area jurisdictions.

Each combination for a
particular decision must be con-
sidered even though features ap-
pear several times in the entire
process. The process demands a
set of independent decisions,
each involving an independent
set of combinations. These inde-
pendent decisions are used in

decision-making with the
ultimate goal of a land-use plan.
Because each combination must
be made independently, it thus
generates an independent set of
avoided costs.

For watershed studies a
single combination involving a
large number of features must be
made. This list and the avoided
costs are listed in Table 4.

For facility development,
especially highway construction,
no data were available because
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records are not maintained that
would allow a retrospective
calculation.

Calculation of Benefits and Costs

We are able to calculate
the avoided costs of field mea-
surements to create compatibility
for the major activities. These
avoided costs represent a partial
benefit stream from utilizing
GRS.

It was estimated from
records in the regional planning
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TABLE 4.
Watershed Study Costs
{costs expressed in dollars per square mile)

Features

High Cost Low Cost

Topography ... oot $ 1,800 $ 800
Surface Water .. ..t 200 200
Ground water . ....... ..ottt 200 200
SoMlS . . e e 200 200
Land USe ..ot e 200 200
Land COVEL . .. ov ittt e e 200 200
Environmental corridors .. ... ... ... .l 200 200
(e.g., natural habitat) ................ .. ..o 200 200
Watersupply .........cooiiii 500 300
CeWELE—SEOTTIL . o o v oot ee et iae it e 500 300
Sewers—sanitary .. .. ... ... i 500 300
Community facilities .. ..............oo il 2,800 300
Wetlands . ...... ... i 200 200
S BWELS .+ oot e et e s 200 200
Roads ...t i e 800 600
Wastewater SOUFCeS . o .ot et e tme s tr e e e 200 200
Precipitation ............. . .. i 200 200
Parcels ... e e 2,800 300
Population ............ ... ool 200 200
Buildings ..........cooiiii e 1,200 600
Basements . ....coviei e e 2,800 400
$16,100 $6,300

commission files that the com-
mission prepares land-use and
community development plans
for local units of government at
a rate of about 36 square miles
per year.

Watershed studies are
done for entire watersheds and
project conditions for a 15- to
20-year period. Based on the
number of studies and their area,
the commission prepares studies
at a rate of 120 square miles per
year.

Benefits = [{avoided costs for
planning, watershed,
and construction
activities)].

Benefits = [{rate} (avoided costs for
planning activities) +
(rate) {avoided costs for
watershed activities) +
(rate) (avoided costs for
construction activities)].
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= [(36mi®/year) (26,900/
9,300 $/mi?) + (120
mi*/year) (16,000/
6,300 $/mi?) + . . .1

GRS maintenance costs
are estimated from data in a
county within a test area that has
resurveyed, remonumented, and
coordinated the Public Land Sur-
vey System corners and quarter-
corners. Corners are connected
to the first-order National Geo-
detic Survey network in the area.
Based on data provided by the
county surveyor, the costs of
maintaining the coordinated cor-
ners is approximately $80 per
square mile per year. Not all
maintenance costs are direct pub-
lic costs. About two-thirds are
borne by public and private
groups identified by the planning

commission, the county sur-
veyor, and others responsible for
corner destruction. The commis-
sion and the surveyor take posi-
tive action to monitor actions
that lead to reference system
damage, and recover restoration
costs from offending parties. In
some cases, one public agency
compensates another for the
costs of restoration, an indirect
public cost. The costs of main-
taining data compatibility can be
estimated. This can be done
because the jurisdiction maintains
the reference system and period-
ically updates dependent data
files. The updating process
involves aerial photographs,
feature identification, and plot-
ting. Ground activities are un-
necessary except those minimally
necessary to flag ground points.
We estimate these avoided costs
as $2,000/mi? for each updating
process, which typically occurs
in 5-year intervals.

The GRS established to
support these planning and
related decisions now covers
about 1,344 square miles. Thus:

Cost = (reference system
maintenance costs) -+
{unavoided use costs)

= [(1,344 mi®) X ($80/mi?)]
+ [(1,344 mi?) X (1/5) X
($2,000/mi?}].

Finally, the ratio of bene-
fits to costs is:

Benefits/Costs = 4.5/1.7
{upper limit/lower limit).

The estimates of the bene-
fits of investment to upgrade and
maintain a geodetic reference sys-
tem to support land decision-
making are conservative for
several reasons. First, data are



unavailable for the process of
transportation facility develop-
ment. Second, records are un-
available for retrospective analy-
sis of data utilization by local
government at local levels. We
have relied entirely on records
based on efforts made on behalf
of local governments by the
regional commission. Missing
data can only be obtained pro-
spectively, based upon expanded
record-keeping practices.

Summary and Conclusions

A methodology designed
to measure the benefits and costs
of the effort to upgrade and
utilize a GRS has been devel-
oped. The analysis reveals that
the benefits arise because there is
demand, especially but not ex-
clusively, at local levels of gov-
ernment for compatible data in
decision-making processes in-
volving land planning and devel-
opment issues. The GRS pro-
vides the means for making it
possible to combine existing data
files to satisfy information needs

without resorting to the expen-
sive, ad hoc field measurements,
These avoided efforts generate
the stream of benefits.

Benefits and costs were
estimated for a test area. Juris-
dictions in the area have invested
in a geodetic reference system,
developed land information
based upon the system, and used
the information in decision-
making for land-related activities.

The results of an applica-
tion of the model to a test area
demonstrate large benefits com-
pared to the costs of the system.
These positive net benefits are
conservative; they include only a
portion of the actual benefits
generated because complete
records were not available, If
these additional, unmeasured
benefits were included, then the
full extent of the value of invest-
ment in a geodetic reference sys-
tem would be revealed.
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Abstract: This paper describes research on modeling location in cadastral maps
using ParcPlace System’s Smalitalk-80 running on an Apple Macintosh I1. We
have developed point and line object classes that store their location methods,
measurement values, and reference objects, and automatically update their
location when changes occur in the measurement values or the location of
reference objects. The paper discusses the transferability of these class defini-
tions to object-oriented database systems. Finally, certain tools available in
this language—e.g., delegation, multiple inheritance, and dependency-—allow
extension into other GIS and multipurpose cadastre problem areas, specifically
that of sharing information about polygon boundaries among different data

layers.

I he work reported follows

on some previously
described {Kjerne and Dueker
1986; Kjerne 1986; Kjerne 1987)
exploring the object-oriented
paradigm as a tool with which to
model location of objects in
maps. As our work continued,
we made use of a more powerful
hardware and software system
and devoted time to looking at
development and utilization
issues. Qur interests, abilities,
and resources led us into three
areas:

® The use of an object-oriented
language, Smalltalk-80 (referred
to hereinafter as Smalltalk}, to

This research was funded by National Science
Foundation grant number SES8713323. Small-
talk-80 is a trademark of ParcPlace Systems,
Ine. Macintosh 1l is a trademark of Apple
Computer, Inc. GemStone is a trademark of
Servio Logic Development Corporation.
VBASE is a trademark of Ontologic, Inc.
Neon is a trademark of Kriya Systems, Inc.
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model cadastral location using the
object-oriented paradigm.

* Study of the development of
spatial information systems, such
as engineering design and com-
puter-aided design (CAD) data-
base systems based on object-
oriented ideas, to see how that
approach might be useful for
developing a mapping system.

¢ Finally, the conceptual explora-
tion of how an object-oriented
approach might facilitate linkages
of location among layers of a
land information system.

The remainder of this
paper reports on these three
areas of inquiry.

Modeling Cadastral Location

Principles of object-oriented
systems

Object-oriented (0-0)
systems are based on a paradigm

of objects responding to
messages, rather than (as is the
case with procedural languages)
on one of operators performing
actions on operands (Goldberg
1983). Here is one of the most
succinct and comprehensive
explanations of this environment
that we have found (Ketabchi
and Wiens 1987):

In an object-oriented environ-
ment, anything which is to be rep-
resented within the system is an
object. An object consists of a pri-
vate memory with a public inter-
face. Each object within the system
is identified by a unique systern-
defined object identifier. This iden-
tifier does not change even though
properties of the object may change.

An object’s private memory
cannot be directly accessed or
manipulated by other objects. Any
operation upon an object’s private
memory can only be effected by
sending an appropriate request to
the object. Since each object has a
well-defined interface, and sole con-
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Modelmg Cadastral Spat1a1 Relatxonships Usmg Smalltalk-ﬂo appears in th1s 1ssue on’ p 36
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trol over its own private memory,
an object actually functions as an
abstract data type.

Many objects within the system
exhibit similar behavior. These
objects are grouped together in
classes, Each object within a group
is said to be an instance of the class
of that group. Classes are arranged
in a super-class/subclass hierarchy.
The behavior defined within each
class is inherited by its subclasses.

Each class defined the behavior of
its instances. However, the instances
are not identical. Instances are dis-
tinguished by their unique identifiers
and the contents of their private
memories. The sef of classes is not
fixed. Users can create new classes
as well as new instances of current
classes (p. 44).

It might only be added
that, instead of classes, some
object-oriented languages use a
proto-typing mechanism, cloning
and modifying instances to add
new types of objects (Ungar and
Smith 1987). And it should be
noted that the description above
is not completely true for pro-
cedural languages that have been
extended to handle abstract data
types, such as C+ +, Object
Pascal, etc.

The o-o paradigm and
conceptual modeling

Object-oriented languages
are based on a very different
way of viewing the world from

that of procedural languages. In
designing an application using a
procedural language, we ask
questions such as: What input do
I have? What do I do to it to get
the output I want? When using
an o-o language, the questions
become: What things are there in
this problem? How do they
behave?

This shift in viewpoint
facilitates the transition from a
conceptual model of a problem
to a running application. If our
model consists of things that
interact in some fashion, an
object-oriented application can
have the same structure.

In the case of cadastral
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FIGURE 1,

Hierarchy of locational dependency for the cadastral layer. The arrows may be read,
“(entities at head) depend on (entities at tail) for location.” Physical entities whose
position has been located in the field are held steady; legal (non-physical) entities are
plotted with relation to them. Among themselves, the locational hierarchy of legal
objects follows a different, though still formalizable, set of rules than those for physical

objects.

control

N,

physical
entities

N

legal
entities

maps, we are concerned with a
set of entities in a hierarchy of
locational dependence (Figure 1).

Except for control entities,
everything knows where it is by
applying a specific locational
procedure {from surveying or
legal description), with relation
to a specific set of reference
entities, and using specific
measurement values.

In producing a map from
a cadastre, we can take advan-
tage of a number of simplifying
assumptions since such a map is
not a legally binding document
in the sense that deeds are. We
can assume, for instance, that an
object will not occupy more than
one location at a time, and that a
single chain of location depen-
dency can be determined for any
object. {This does not mean that
any object depends only on one
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(location defined by fiat—e.g., USGS monuments,
points tied in by high-order survey)

(location measured in field—e.g., monuments from
prop. survey, stream edges from photogrammetry)

{location described in deeds—e.g., easement lines,
property points)

other object as a reference
object. In the case of closed
traverses between fixed points,
for instance, both ends of the
traverse are reference points;
objects in the traverse are located
using a transformation procedure
allowing the relative coordinates
[and relative locations] to remain
invariant, while the global
position may change. Obviously
if the relative positions of the
endpoints change, the traverse
needs to be readjusted.)

Present status

Qur previous work may
briefly be described as involving
the definition of object classes
using a Forth- and Smalltalk-
descended language called Neon.

The present work has been
carried out on an Apple Mac-
intosh II in ParcPlace’s Smalltalk-
80 development environment for
three reasons: 1) Smalltalk is a
more powerful language; (2) it is
used more widely within the
community of 0-o researchers
and developers; (3) and it is
easily portable to different
applications and platforms.

A standard Smalltalk
application consists of three parts
(Figure 2):

* A Model, which can be any kind
of object;

¢ One or more Views, each of
which displays itself on the
screen, making use of information

contained in messages sent by
the Model;

* And a Controller, corresponding
to each View, that accepts input
from the user {via keyboard and
cursor movement}.

All parts of the applica-
tion are linked to some degree,
but the Model is relatively inde-
pendent of the other two. It
doesn’t really know, or care,
how many Views are looking at
it; all it does is respond to
messages. The View, on the
other hand, is tightly linked to a
particular Model, and often
performs some action automati-
cally (such as redisplaying itself)
if the Model changes. Similarly,
the Controller and View are
linked to each other so that the
View (often) knows that it
should perform some action
when the cursor is within its
window and a particular mouse
button is down.



In the following discus- FIGURE 2.

sion, we first describe the Model The Smalltalk Model-View Controller paradigm. Within the application, the Controller
(and the objects it contains), the receives input from the user and typically sends a message to the View. The View in

. ! turn usually sends a message to the Model, which performs some action and replies to
View, and then the Controller the View, which probably uses it for output. The View also sends messages to the Con-
for this particular application. troller now and then. Less often, the Controller may have something to say directly to

the Model. Meanwhile, out in the real world is the entity being modeled. (“The map is

Model (Cadastre) The Model in not the territory” [Korzybski 1941))
the prototype is a Cadastre ",
(Figure 3), a kind of object that i

contains other objects in a list
accessible by names, or keys (it
is a subclass of a standard Small-
talk class called Dictionary.) As
a subclass of Dictionary, it
knows (among other things) how
to add a new object to itself,
how to tell how many objects it
contains, and how to return a
particular object when given the
object’s name. As a Cadastre, it
knows, in addition, how to find

cutput

h input

Controller

FIGURE 3
The Internal variables of the objects that make up the Mode! for the prototype

cadastral mapping application. A Cadastre contains a dictionary-like list of Cadastroids,
each of which is referenced by name. Each Cadastroid, in turn, contains a Locoid,
which stores names of reference objects and values, and uses them to recalculate current

location.
Cadastre
name |Cadastroid
George |a ContreolPcint
Fred a MonumentPoint =
Mary a MonumentPoint
Alice a PropertylLine

Fred, a MonumentPolint

material: 2" brass disk in conc.
surveyor: Jones {(26558)
location: an AngleDistancePoint

an AngleDistancePoint

referencePoint: Mary
referenceline: Alice

angle: 45-15-30

distance: 145.36
currentLocation: 325.658432.93
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the object within itself that is
closest to a given point.

The objects in the Cadas-
tre are Cadastroids. More pre-
cisely, they are all descended
from the abstract class Cadas-
troid. (An abstract class is one
which does not itself have in-
stances, but is used to define
behavior common to its sub-
classes.) The subclasses of Cadas-
troid are: MonumentPoint,
ControlPoint, PropertyPoint,
MonumentLine, and Property-
Line. As their names imply, these
classes correspond to the kinds of
things that appear on cadastral
maps {aside from such things as
grid ticks, legends, titles, and
text).

Any object descended
from Cadastroid has an internal
variable called “location.” An
internal variable is part of the
private memory of an object,
and can itself contain an object.
In this case, the “location” inter-
nal variable contains a Locoid.
(Again, to be precise, Locoid is
another abstract class, so the
internal variable actually
contains an instance of some
subclass of Locoid.)

These are the objects that
do all the work, Each subclass of
Locoid corresponds to a location-
al procedure (AngleDistance-
Point, AzimuthDistancePoint,
AtPointPoint, IntersectionPoint,
and StraightLine have been
defined so far). The procedure
is used in one of the methods
that the subclass knows how to
perform; it typically consists of
asking the reference objects for
their current location and apply-
ing values stored in other inter-
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nal variables. Thus, for instance,
an AngleDistancePoint object
stores the name of two reference
Cadastroid objects (one linear,
from which the angle was mea-
sured, and one punctual, from
which a distance was measured—
usually, but not necessarily, at
the origin of the line), and two
measurement values (an angle
and a distance). Computation of
current location is a straightfor-
ward application of trigonometry.

In addition to capturing
the “why” of where an object is
positioned, a Locoid captures
where it presently is: the current
location is stored as a Point (x-y
coordinates) or Line {ordered
collection of points) in an inter-
nal variable.

Other procedures Locoids
can perform include the ability to
set up dependency relations with
reference objects so that when
one of these changes its location,
the dependent objects will be
notified. Because of the depen-
dency link set up between objects
and their reference objects, loca-
tional changes propagate through
the model. Thus, whenever a
Cadastroid receives a message
from one of its reference objects
that its location has changed, its
Locoid performs the locational
procedure, the new current loca-
tion is stored, and dependent
Cadastroids are informed that a
change has occurred.,

View (CadastraIView).‘ The
CadastralView is really, at this

point, not a very exciting varia-
tion on the standard Smalltalk
View. 1t is a single-paned
window with the capability,
when it is started up, of linking
itself with a given Cadastre. It
can send the Cadastre messages
to have its elements display
themselves in the Cadastral View.

Controller {CadastralController).
The CadastralController is also
pretty rudimentary at this point.
It can do one interesting thing:
send a message to the Cadastre,
along with the coordinates of a
mouse-click, that will cause the
Cadastre to return the name for
one of its elernents so that a
window can be opened showing
its internal variables.

Planned Near-Term Enhancements

More kinds of objects in Cadastre.
More locational kinds of classes
are needed before a reasonable
property map prototype can be
modeled. These include arc,
spiral, and curve and more inter-
esting (and robust) line intersec-
tion classes. Smalltalk does not
have a generous supply of
geometric classes; it is necessary
to translate code from other lan-
guages or algorithmic descrip-
tions. ParcPlace’s new version of
Smalltalk allows user-defined
primitives {Smalltalk 1988). This
might be useful for importing
code written in other languages
to perform basic jobs such as
computing intersections of lines,
chains, arcs, and so forth.

In addition, it will be




desirable to implement topologi-
cal knowledge; this will require
amendments to the object hierar-
chy. Topological objects
(“Topoids”?) should be defined
to go into a new internal variable
slot of Cadastroids. They will
require an ability to track depen-
dency relationships similar to
Locoids. For instance, the instan-
tiation of a new area object will
require methods to notify related
line and point objects of the
change.

Improvements to Cadastre. The
choice of a subclass of Diction-
ary as the data structure for a
Cadastre is still not fixed. It
might be better to organize the
assessor objects into another kind
of Smalltalk Collection that
could utilize efficient spatial
search methods on object keys.
The virtue of the present ar-
rangement is that it is accessible
using standard system tools, and
it is reasonably close to the struc-
tures used in at least one object-
oriented database system
modeled on Smalltalk {Penney
and Stein 1987).

Improvements to CadastralMap.
To a surveyor or cartographer,
the most serious deficiency at
this point is that the map is up-
side down: y-coordinate values
increase toward the bottom of
the screen, in line with computer
graphic convention. This is (in
principle) not difficult to fix.
Other possible improvements are
cosmetic in nature: the addition
of grid ticks, coordinate value
text, perhaps a fixed window size

and aspect ratio so that a given
scale can be presented.

Improvements to Cadastral-
Controller, At present, most in-
teraction with the Cadastre is
through the text workspace, a
standard Smalltalk system
feature. It would be nice to be
able to add or edit points by
selecting them with the cursor
and working through a series of
templates or dialog boxes. This is
a lower priority than other goals,
as it may be advantageous to use
a commercially available applica-
tion interface developer.

These improvements will
eventually produce a more con-
vincing prototype of a cadastral
map; however, since Smalltalk is
a single-user, programming lan-
guage environment, it does not
produce objects that persist
beyond the existence of the
program in which they are
created and manipulated.
Computer-aided cadastral
mapping requires an environment
capable of working with persist-
ent objects accessible by multiple
users. This leads us to an investi-
gation of present and future
directions in database system
development.

Mapping and the Next
Generation in Database Systems

CAD and Mapping Environments

Practitioners involved in
efforts to improve database
systems are concerned with

modeling structures that are
more complex than the typical
business applications, and see
their challenges in such applica-
tions as design engineering (espe-
cially mechanical and electrical),
document authoring, and hyper-
media. They do not see mapping
as a high priority, but the prob-
lems are similar, especially to
mapping of the cadastral variety.

It was particularly fasci-
nating to read a description of
the CAD application environ-
ment, substituting the words
“cadastral cartographer” for
“design engineer”; “cadastral
map” for “design object”; and
“update” for “refine” (Ketabchi
and Wiens 1987):

.. . In these applications large
amounts of data are created and
shared by design engineers who do
not want to concern themselves with
the details of storage and data
organizations, . . .

Design is the work of a team.
Each member of the design team
may begin a transaction which
involves a large volume of data and
persists for a long time. Therefore,
conventional locking and time-
stamping techniques cannot be used
to control concurrent operations.

Design starts with high level
descriptions of a design object and
continues through its iterative
refinements. Since the history of the
design operations must be main-
tained, refining a description should
not destroy the original description,
but must create a new description of
the design object. . . (p. 44).

Each of the points raised—
large data volumes, multiple
users (with skills in a subject
field other than data manage-
ment), long transactions, neces-
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sity to track previous states of
the database—is also characteris-
tic of cadastral mapping.

Object-oriented Database Systems

We examined various can-
didate technologies proposed as
a basis for advanced database
capabilities—extensible toolkits
(e.g., EXODUS [Carey and De-
Witt 1987]), semantic database
systems (e.g., SIM [Tolbert
19881), enhanced relational sys-
tems (e.g., POSTGRES [Stone-
braker and Rowe 1986]), object-
oriented (e.g., GemStone, Encore
[Smith and Zdonik 19871);
VBASE [Andrews and Harris
1987])—with two requirements in
mind.

* First, as we have conceptualized
the problem domain, we find we
are dealing with composite enti-
ties: maps contain tracts, tracts or
subdivisions contain parcels,
parcels contain boundaries, and
so forth. And the objects defined
in our prototype cadastral loca-
tion application contain location
objects (which in turn contain
current coordinate objects) and
would presumably contain topo-
logical or non-geometric attribute
objects.

» Secondly, we wish (with the
inclusiont of measurement proced-
ures) to include behavior, and
hope to be able to update loca-
tion or topology “inside the data-
base.”

The object-oriented data-
base approach seems more suited
to meeting these requirements
than any of the other general
ones noted above.

Even within the area of
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research into object-oriented
databases, it's still a fluid situa-
tion with a number of competing
approaches. The main division
seems to be between object-
oriented database systems
(oodbs) and object-oriented data-
base programming languages
(oodbpl).

An oodbs can manage
composite objects and encapsu-
late behavior with values, but it
is separate from the language
interface used by the database’s
developers and users. GemStone,
for instance, runs as a “back
end” on a minicomputer and
responds to “front end” applica-
tions written in Smalltalk, C, or
Pascal on microcomputers linked
by a network (Purdy, Schuc-
hardt and Maier 1987). An
object-oriented database pro-
gramming language would bring
these two environments together.
This approach avoids “imped-
ance mismatch” between pro-
gramming language {(front end)
and data manipulation language
(back end) (Maier and Price
1084).

Within both oodbs and
oodpl approaches, methods can
be added to object classes (or, as
database researchers are prone to
call them, “types”) to allow the
kinds of things we are interested
in for cadastral mapping: i.e.,
dynamic updating within the
database by recalculating loca-
tion, topological connections,
and so forth. But it would
appear to be advantageous to be

able to import code from other
languages as user-defined primi-
tives that can be used inside
methods. This would lessen the
necessity to recast every spatial
analysis method into a new lan-
guage, since there is a large
repertoire of functions, proce-
dures, and techniques for spatial
manipulation already extant in
other languages, such as C.

Because of the inheritance
of behavior, it is easy to extend
object-oriented languages to have
new capabilities. Research in
progress has brought out exten-
sions to Smalltalk that allow per-
sistent objects (Kaehler and
Krasner 1983) and a distributed
Smalltalk (Bennett 1987). To
develop an oodbpl from this lan-
guage, the next step would pre-
sumably be a distributed Small-
talk with persistent objects. But
there appear to be problems with
the class construct of Smalltalk
when extended to persistent
objects accessible by multiple
users. All object-oriented lan-
guages don't implement charac-
teristics peculiar to the o-o
paradigm (such as inheritance) in
the same way, though. A lan-
guage that uses another mecha-
nism (e.g., prototyping) may be
found to be more appropriate as
a basis for an oodbpl (Merrow
and Laursen 1987), Regardless of
how that avenue of research
turns out, it seems fruitful to
continue using Smalltalk to
develop more kinds of locational
methods, since the basic types
developed would be useful
regardless of the particular inher-
itance mechanism.



Meanwhile, by keeping an
eye on the development of
object-oriented database systems,
we hope to eventually identify
one that can be made to manipu-
late spatial information.

Finally, we hope to con-
tinue exploration of how the
object-oriented paradigm will be
useful in mapping and geograph-
ic analysis generally. The follow-
ing section presents some
thoughts we have already had on
the subject.

Extensions to Multi-Layer
Systems

While the research re-
ported here has emphasized
cadastral objects, the paradigm
for locational determination has
a broad potential for application.
Shared or common boundaries
among layers or data types can
be addressed by an object-
oriented database approach,
which lends itself to better
handling of the interrelationships
among objects of different types.

Currently, the representa-
tion of various themes or data
types as separate layers in a GIS
results in duplicate approxima-
tions of common boundaries.
Some systems use a “‘shared
primitive” approach to resolve
this problem (Charlwood, Moon,
and Tulip 1987). In a relational
model this requires a single
underlying geometric layer,
which is difficult to modify as
changes may warrant.

For example, in a conven-
tional GIS the cadastral layer
may actually consist of sublayers
of control, property lines, rights-
of-way, etc. Yet, a right-of-way

FIGURE 4.

(a) Property lines coincide with right-of-way and locations for both are determined by
parcel property monuments. (b) Location for front lot lines is determined by location of

right-of-way line, which is determined by location of centerline monuments.

(a)

(b}

lot 7

.
257
-

line usually is locationally related
to a set of property lines, both of
which depend on physical monu-
ments (Figure 4). Depending on
the particular situation (platted
subdivision v, deed right-of-way,
for instance), the controlling en-
tities for location may be the lot
monuments or other (centerline)
monuments; the right-of-way
may determine the location of
property lines or vice versa. An
object-oriented approach would
allow modeling these diverse
situations,

These locational depen-
dency relations are not unique to
the cadastral layer, however.
They exist in a variety of bound-
ary relations, and just as with
the right-of-way lines, the proce-
dures and types of reference
objects for location of boundary
segments of the same kind can

vary from instance to instance.
For example, much of the north-
ern boundary of the state of
Oregon is the center of the main
channel of the Columbia River, a
natural feature. Segments of the
state boundary are also county
boundaries {(Figure 5). The north-

" ern boundaries for these counties

would be determined by a
method contained within the
county boundary object that
would reference the state bound-
ary, intersecting it with the east
and west county boundaries.
(The state boundary would
locate itself by a method that
referenced the channel of the
Columbia River.) Meanwhile, the
remaining county boundaries are
probably monumented, referenc-
ing objects of a different class.

Users of multipurpose sys-
tems having a cadastral layer as
a base are interested in four
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FIGURE 5.

A case in which a natural feature determines the location of a jurisdictional boundary,
with the locations of boundaries of subjurisdictions determined hierarchically. Location
of the north-south trending county lines likely follows other procedures.

Washington

general classes of area entities:
jurisdictions, statistical areas,
natural resource areas, and prop-
erty ownership areas. As with
cadastral location, the bound-
aries of these areas depend for
location on entities that have
been located in the real world—
on natural features, such as
rivers or ridgelines, and on arti-
ficial features, in the form of
streets, roads, and railroads. If
this real-world structure is
reflected in the model used for a
mapping system, updating
(inputting more accurate) loca-
tions of real-world entities will
propagate those more accurate
locations to dependents. This will
result in more accurate responses
to queries. Integrity of the data-
base over time requires the cap-
ture in the data model of depen-
dencies among entities.
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COMMENTS

David Fletcher

GIS Project Leader for the
Wisconsin Department of
Transportation

“Modeling Cadastral Spa-
tial Relationships Using Small-
talk-80" by Kjerne and Dueker
contains three implicit “object-
oriented” subjects: object-
oriented modeling, object-
oriented languages (Smalltalk),
and object-oriented database
management systems. It is impor-
tant to recognize that, although
these topics share a certain
vocabulary, there are many
system design choices possible.
For example, it is reasonable to
design {model) spatial databases
using an object-oriented meth-
odology such as entity/relation-
ship models in a relational
DBMS and to develop applica-
tion code with a procedural lan-
guage. The following comments
are organized by these three
areas.

The biggest concern in
object-oriented modeling is to
identify the “correct” objects to
model. While I agree with the
authors’ concept of “locational
dependence,” I take exception to
their choice of the cadastral map
as the relevant object as well as
the simplifying assumptions
accompanying that choice,
Cadastral objects such as monu-
ment points, property corners
and so forth DO have multiple
locations. Although cadastral
maps appear to resolve these dis-
crepancies, they must be mod-

eled for use in any comprehen-
sive LIS.
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I agree with the authors
that much more work needs to
be done extending the current
object-oriented programming lan-
guages to include geometric oper-
ators such as intersection, con-
tiguity, “containedness” and so
on. It should be emphasized that
the more complex the objects
are, the more difficult it is to
implement relevant operators
(e.g., line-intersect-line is much
simpler than cadastre~intersect-
floodplain).

Finally, we come to the
issue of object-oriented data-
bases. These seem very similar to
network databases, with their
parent-child segment relation-
ships maintaining the inheritance
dependencies. While this design
may be optimal for certain appli-
cations, it can impose severe per-
formance penalties when cross-
child access is required. My
experience is that most cultural
applications may lend themselves
to some degree of hierarchical
breakdown. These include exam-
ples from the legal/institutional
field (e.g., cadastral) as well as
those from engineering {e.g., a
constructed facility has assem-
blies which have sub-assemblies
which have parts) and others. It
also seems that most applications
that have natural features do
not. The boundary conditions of

shorelines, soil polygons, eco-
system boundaries and so forth
have no discernible dependencies
on or from other objects.

This would seem to indi-
cate that the general use of
object-oriented databases for
managing these objects offers lit-
tle advantage over current geo-
relational schemes.

A more fundamental ob-
servation is the author’s recogni-
tion that much additional func-
tionality for spatial analysis
needs to be added to any system
built on top of an object-oriented
database. Given the relative
additional overhead and com-
plexity of these systems, one
wonders about the subsequent
increase of the algorithmic com-
plexity and the improvements,
it any, over more atomic
approaches.

In summary, I think that
object-oriented paradigms
(models, languages and data-
bases) may provide some advan-
tage over current GIS/LIS
approaches to the cadastral layer.
The authors have correctly iden-
tified some of the minimum fea-
tures to add to their model in
order to make a better estimate
of its utility. In general though,
given the inherent limitations of
identifying all possible objects,
dependencies and operators prior
to implementing a particular



object schema, simpler data
structures on more “primitive”
objects offer more flexibility in
support of evolutionary changes.

Alan P. Vonderohe

Department of Civil and
Environmental Engineering and
Institute for Environmental Studies,
University of Wisconsin-Madison

Kjerne and Dueker de-
scribe the implementation of a
cadastral mapping model in an
object-oriented environment,
characteristics of object-oriented
database systems and program-
ming languages, and extensions
of the concept to multi-layered
systems which currently may
contain numerous representations
of the same object such as a
common boundary. Their ap-
proach is particularly suitable for
cadastral information due to its
inherent hierarchical dependen-
cies and their reasoning concern-
ing more general GIS applica-
tions is sound.

From a practical stand-
point, the most significant impli-
cation of the work concerns
response of the system to up-
dates, particularly those concern-
ing geodetic control. Individual
cadastral objects are represented
along with their appropriate spa-
tial relationships with other
objects. Thus, when the coor-
dinates of a control point
change, only those objects
related to that control point by
their descriptions change posi-
tion. Appropriate spatial rela-
tionships are retained independ-
ently of the quality of “absolute”
control coordinates. Cadastral
databases may be constructed at
convenience and control up-
graded over time without resort-
ing to sporadic and inappropriate
transformations of the entire
cadastral map. In addition, new
information concerning indi-
vidual cadastral objects, such as
that arising from resurveys, can
be treated in a similar manner
with similar effects. It seems that
this aspect of the approach alone
compensates for the increase in
database overhead.

The authors admit to sim-
plifying assumptions such as
individual objects having single
chains of location dependency
and unique locations at any
given time. Their concern is for
mapping, not for legally binding
representations. On the other
hand, von Meyer (1989) has
developed a model that accounts
for conflicts arising from over-
constrained cadastral objects and
for multiple representations of
the same object. Examples of the
latter are multiple monuments
intended to represent the same
property corner and multiple
coordinate pairs for the same
monument, situations that occur
frequently in practice. Both of
these works make substantial
contributions to representation of
the complex nature of spatial
cadastral information.
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Abstract: Last year, approaches were explored which could be used by public
agencies to market and sell information products and services for a fee greater
than the costs of reproduction traditionally allowed under freedom of informa-
tion and open records laws. For some entities, this has not been a problem; for
others, however, it has been a major stumbling block. This paper examines
some of the issues which have been encountered by agencies on their way to
marketing information and ways in which they have dealt with them. The
questions discussed are:

Legal Authority—Does the agency have the authority to market and sell
information?

Open Records Laws—Can the agency recoup costs for information products
beyond those allowed by open records laws and implementing regulations?

Equal Treatment—A public entity has different obligations than a private one.
To what extent must a public entity supply products and services to everyone
who wants them? This is a particular concern if on-line access to the data is
one of the services to be offered.

On-line Access—Besides the equal treatment question, on-line access raises a
number of issues, including protection of proprietary information and security.

ublic access to automated

mapping system (AMS)
datafiles has been a hot issue in
recent years. Public agencies
have invested in expensive sys-
tems for their own public pur-
poses, but have also found that
the data are of value to many in
the private sector—either in the
format used by the agency or
processed differently by the
system. Several agencies have
marketed and sold the data and
other information products with-

Note: This paper was the winner of the 1988
Horwood Critique Prize. The editors wel-
come comments and responses to this article.
Selected responses will be published in an
upcoming issue of the Journal,
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out questioning very carefully
whether they had the authority
to do so and, if so, whether they
could charge more than state
open records laws allow. Others
have concluded that they have
difficulties in undertaking such a
project and have created separate
entities to conduct the informa-
tion business. Two agencies in
two different jurisdictions have
conducted studies recently to
determine the answer to some of
the issues involved and to con-
sider strategies on whether and
how to proceed in marketing

AMS products. This paper
discusses some of the major
issues they have considered and
possible implementation
strategies,

Legal Authority

A major issue that has
emerged in some jurisdictions is
whether the agency has the legal
authority to market and sell
information products. The
answer is largely dependent on
two factors:

1) The legal characterization of
the agency, and



2) State law on powers of that
type of entity.

The most typical agencies
involved in automated mapping
systems are state agencies and
municipalities. As a general
proposition, the state as a
sovereign entity has broad
powers to further such goals as
public health, safety, and
welfare. Many states and courts
take an expansive view of state
powers and would likely uphold
the right of an agency to market
AMS products.

Municipalities, on the
other hand, usually have only
those powers specifically granted
by state constitution and the
legislation creating them. Judicial
construction of those powers
will, of course, vary from state
to state and from category to
category of municipal corpora-
tion. As a general proposition,
however, municipal corporations
possess only those powers which
are expressly given by constitu-
tion or statute, or are necessarily
implied by those powers. Most
municipalities have the express
power to conduct the function(s)
for which the AMS provides
support and it may be argued in
some jurisdictions that, implied
by that authority, is the author-
ity to recoup its investment or
collect funds to maintain the
system through the sale of AMS
products.

Another way of viewing
authority is based on the types
of authority exercised by munici-
pal corporations. Municipalities
are generally regarded as having
two types of powers, govern-

mental and proprietary. Govern-
mental functions are those which
are exercised by the municipality
as an arm of the state for the
general public welfare. Proprie-
tary functions are those exercised
for the benefit of the citizens of
the municipality as a corporate
entity in its private capacity.
Sales of products and services
from the AMS appear to be a
proprietary function.

There is a broad range of
case law nationally on what a
municipal corporation may do
within its proprietary powers.
Although there is not, generally,
authority for municipalities to
engage in a business which is
ordinarily carried on by private
enterprises, recent law in many
areas has broadened the scope of
what municipalities may do
under their proprietary powers,
even to the extent of competing
with private business.

There is also a split of
opinion among the states on the
construction of proprietary
powers once allowed, Several
states have, for example, dealt
with the question of whether a
municipally owned electric utility
may also sell electric appliances.
Some courts state that once a
power is determined to be within
the municipality’s powers, the
municipality may exercise all
powers that a private owner
might exercise to economically
and efficiently furnish the prod-

uct or service. However, most
courts follow the view that all
powers of municipal corporations
be given the rule of necessary
implication, that is, that
municipalities may only exercise
those powers explicitly granted
by constitution, law, and ordi-
nance, and those additional
powers implied as necessary to
carry out those explicit powers.
Thus, while it may be necessary
for the general health and
welfare to provide electricity, it
may not be necessary for the
general health and welfare to sell
refrigerators.

In one state struggling
with the issue, it seems likely
that the courts will take an
expansive view of municipal
proprietary powers. The state
constitution favors a liberal con-
struction to the powers of local
government and provides that a
home rule city may exercise all
legislative powers except those
prohibited by law or their
charter. State law echoes the
constitution and allows munici-
palities to exercise all powers and
functions necessarily or fairly
implied in or incident to the pur-
pose of all powers and functions
conferred by law, including pro-
viding a public service. At most,
all that would be required would
be for the local legislature to
make a finding that sale of AMS
data serves a public purpose. An
ordinance resolves the authority
question.

In a second state, how-
ever, courts have taken a restric-
tive view of municipal powers
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and “if there is any reasonable
and substantial doubt as to the
existence of a particular power,
such power will be deemed not
to exist” (1). In such a jurisdic-
tion, arguments in favor of
marketing AMS products would
be based on one or more theo-
ries. One is that strict construc-
tion of municipal powers should
not be used to hamper a reason-
able exercise of explicit powers.
Use of an AMS is a reasonable
means of implementing the
municipality’s explicit powers. In
order to finance and maintain the
system, it is necessary to sell
products and services. Denial of
this authority would deny the
complete exercise of its powers to
the municipality.

Another argument would
be based on the theory that
municipal corporations have
powers implied by and incident
to their express powers. This
theory would support an argu-
ment similar to that above.
Another argument could be
modeled on cases which allow a
municipality to sell excess utility
capacity as incidential to its main
function.

A final theory to be
explored is based on the distinc-
tion between governmental and
proprietary powers. Courts allow
municipal corporations much
greater latitude concerning
proprietary powers than govern-
mental powers. Use of the AMS
could be viewed as a proprietary
power, which could be construed
to encompass the sale of prod-
ucts and services from the AMS.
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Open Records

What constraints are
imposed on the sale of informa-
tion under state and local open
records laws? In many states
there are strong public policies
supporting full public disclosure
of agency information at nominal
cost. These laws pose a substan-
tial potential roadblock to the
sale of products and services at
prices above those set by law,
often the cost of copying, some-
times with a labor retrieval com-
ponent. In addition, agencies
have a substantial investment in
their automated mapping systems
and datafiles, which they are
interested in guarding against
wholesale copying by private
interests and other public agen-
cies that did not share in system
development costs. Thus, there
are good public policy reasons
for charging fees, which may be
above nominal costs for at least
some of the products and serv-
ices that may be available from
the AMS and options allowed by
law should be explored to deter-
mine whether greater cost recov-
ery may be available.

Most state and municipal
laws and regulations on open
records define the term “open
record” to include records stored
in computer-compatible formats.
Thus, tapes and disks come
within the definition and could
be requested. In jurisdictions
which have not explicitly
included computer media, it is
likely that courts would interpret
the law broadly to include tangi-
ble media used in the AMS.
Thus, reliance on the definition

of a “record” is unlikely to
resolve this issue.

All open records laws
contain certain exclusions. An
exhaustive review of all state
exclusions and how they have
been treated by the courts has
not been undertaken. However,
among the typical exclusions are
some which could support the
removal of AMS datafiles from
the coverage of open records
laws.

Chief among these is the
usual exclusion for proprietary
information. The language will
vary, but this exclusion will gen-
erally cover trade secrets and
other information of commercial
value. Of course, the exclusion is
intended to guard private busi-
ness interests, but an argument
can be made that, acting in its
proprietary capacity, a public
agency is equivalent to a private
business and should be able to
avail itself of the same protec-
tions for its valuable, commercial
property.

Other exclusions that may
be relevant include ones for pre-
liminary or draft records. An
argument can be made that data-
files are always preliminary in
the sense that the data are sub-
ject to constant updating. While
this is far-fetched, this exclusion
should at least be applicable dur-
ing the period of system develop-
ment and implementation, which
may buy time until a more per-
manent solution is reached.

Finally, if the system con-
tains data, the disclosure of
which would constitute an inva-






