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IN My OPINION

In This Issue. ..

Internet, Superhighway, Cyber-
space. New words for a brave new
world of information technologies. But
will these new technologies and a hos

of support services be an information
panacea? Or the next Pandora’s box? In
Gary Ostroff’s opinion piece, he sur
mises how Gustave Flaubert, 219
century author and artist, might ha
viewed yet another technological k

Editorial Intent

Consider In My Opinion to be a forum for your thoughts, an opportunity
to speak your mind. The only guidelines we suggest are that it:

* Berelevant and well-written.
¢ Address an issue that is related to URISA.

* Bea topic of current interest or debate, yet not so time-sensitive that the Jour-
nal’s publication lead-time would detract from its impact.

We invite you to express your opinion. Please send your submission to
Kenneth Dueker, David Moyer, or Bernard Niemann.

The Editors



Flaubert on the Internet

Gary Ostroff

(many!) discussions of the imminent information su-

perhighway. It seems that virtually all of the articles
are positive, some are just plain corporate boosterism,
and they sing the praises of technology and the benefits
which it will certainly bestow upon us. To be fair, many
people express a keen awareness that the development
of the superhighway is approaching a critical phase that
could determine whether it is dominated by closed cor-
porate interests that are bent on offering us 500 channels
of pabulum or a more open, democratic, and it is
hoped, constructive alternative. Nevertheless, outside of
the vast money-making possibilities it poses, is the su-
perhighway really something to be so excited about? Is
the Internet really the harbinger of a new age of won-
derful cyber-communities that many see in it? Is all of
this . . . progress? I find myself thinking again and again
of that solitary, stoic romantic artist, Gustave Flaubert,
creator of Madame Bovary. In his Dictionary of Received
Ideas he railed against, to use a favorite phrase of his, all
sorts of similar enthusiasms. What would he have made
of it all?

In Flaubert's nineteenth century, when technological
progress was deemed synonymous with progress itself,
the analog to our revolutionizing computer technolo-
gies was the railroad. What miracles would this new
mode of transport bring about, and did it not epitomize
in its very action the hurtling progress of western civi-
lization itself? Some were not so sanguine. Flaubert,
with his ear so painfully and exquisitely attuned to the
cadences of intellectual cliches, wrote in his Dictionary:

Railroads. If Napoleon had them he would have been
invincible. Talk about them ecstatically, saying: “I, my
dear sir, who am speaking to you now—this morning I was
at X; 1 had taken the X train, I transacted my business there,
and by X o’clock I was back here”

He followed with:

It is with a sense of unease that | have read the many

Railroad Stations. Gape with admiration; cite them as
architectural wonders,

m

Gary Ostroff works at HydroQual, Inc. in Mahwah, New Jer-
sey in water quality engineering and watershed management.
He is responsible for database and GIS project efforts related

to urban and rural hydrology. The history of technology is
one of his main interests.
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Clearly, Flaubert was not impressed. His controlled
ridicule concealed a suppressed rage. To him, the idola-
try of the railroad was just another popular delusion. I
hear echoes of his sarcastic definitions when I read how
computers, and now the information superhighway, are
transforming all of our lives—for the better it is claimed.
Always the emphasis is on the great increases in pro-
ductivity, i.e., business productivity, and personal conve-
nience which we may expect, and on the intrinsically
wonderful nature of the change the technology will
bring. The paperless office, video phones, telecommut-
ing, virtual reality, virtual amusements, and on and on!

As Flaubert remarked in his letters, technological
progress without moral progress yields barbarism, and
the Franco-Prussian War only confirmed him in his
views. Certainly, he would have cited World War I as
conclusive proof, had he lived to see it instead of merely
predicting it. In his stoical, romantic—and many
thought—cynical view, people were swept up in fads,
bedazzled by mere technology, technique and ma-
chines, that is, without asking about the consequences
of such new opportunities. In other words, the short-
term view looked marvelous, but who worried about
suburban spraw], air pollution, train wrecks, or stmply
the effect of a faster pace on the quality of everyday life
itself. Who worried about the destruction of the world
that made the innocent piety of the characters in his
Three Tales possible?

I suspect that the positive effects of our new informa-
tion/communication technology are not all that certain
either, since people have difficulty in evaluating change
in its context. Word processors and desk-top publishing,
for example, have certainly removed much drudgery
from office work. But the standards for commercial
texts, business proposals, reports, etc. are now higher. I
have compared engineering reports from 25 years ago
to contemporary examples and found that the recent
ones are slicker, much bigger, and have more varied
graphics, but I would hesitate to judge them any better.
Change we will certainly have, dizzying change, in fact.
Although the information superhighway will certainly
get some important data to people who desperately
need it, I suspect that its main effect on most people in
their everyday lives will be to ratchet even higher the
standard for what it means to be informed, competitive,
up-to-date, in touch, and au courant. No real progress
here! As Flaubert remarked, often ordinary Parisians
were convinced that the sophistication of the great me-
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tropolis reflected their individual cosmopolitanism,
when in fact they were usually urban provincials. Inun-
dated by cataracts of information, we may deceive our-
selves into believing that we actually know something,
Now, Flaubert had a rather unpleasant view of life,
and he was wont to dwell on the negative and on the
frequent displays of human stupidity which always tor-
mented him. Certainly the coming of the railroads was
not going to be held up, just as some form of informa-
tion superhighway will be here soon, and so it should
be. Given the nature of our economy and our culture, it
is a necessity. But is it good? That is what gnawed at
Flaubert, for he felt the changes he observed were not.
They merely were, and society would go on being what
it was; brutal, corrupt and philistine. We all know that it
is too much to blame technology for not making us all
virtuous, but we rarely refrain from praising new tech-

Reprinted by permission: Tribune Media Services

nology as though it will bring out the best in humanity.
Perhaps it's time for a bit of stoical and deadpan appre-
ciation of our new marvel. May I suggest:

Information Superhighway. Large bandwidth com-
munications network facilitating rapid and high-
volume transfer of digitally encoded information,

Otherwise, some contemporary Flaubert may write
in his dictionary:

Information Superhighway Shake one’s head in won-
der and say, “I can't believe what computers can do today!
Why just ten years ago . . " Sure to change the world, a
whole new realm of communities. Speak ecstatically,
saying, “fust this morning I downloaded 10,000 pages of
busintess data from across the world—I have so much data [
can't even look at it!”

OstroffiUrisa Journal 9
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In this issue...

John Felleman introduces the con--
cept of “deep information” to empha-~
size integration of environmentaland -
property data, using the state of New ' -
York’s environmental regulatory inter
est in private real property. “Well. .~
thought-out, intriguing, and well-pre-
sented,” commented one of the refer- -
ees. S
In contrast to the above institutional -~
analysis is the technical analysis in the .~
paper by Jeff Paradis and Kate Beard. : . :
They introduce the term, “data quality
filter” to visualize and communicate -
spatial data quality. The paper dis- -
cusses an important issue in the devel:
opment, update, and use of GIS data-
bases. It clearly presents a problem and -
suggests an approach for addressing i

A paper by Jeff Pinto and Bijan~
Azad assesses the role of organizational - .
politics in GIS implementation, Their .
case studies of two state departments of
transportation illustrate the importance - -
of organizational political behavior in
explaining different paths to GIS imple-"
mentation. g

Last, a paper by Stephen Gillespie
attempts to measure the benefits 6f GIS
implementation. The distinctionit * = -
makes between ‘efficiency” and ‘effec- "
tiveness’ outcomes is well-taken. He *-
uses two transportation case studies to .+
illustrate issues in estimating benefits of
GIS analysis. S
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Editorial Intent

The refereed section of URISA Journal strives to share new knowledge
in the technical, social, economic, and institutional subject areas that sup-
port information systems technology. It is the intent that this section of
the fournal contain papers that are representative of URISA’s member-
ship and the broader information systems community. We encourage the
participation of system designers, implementors and users as well as the
educational and research community.

We hope that the refereed section will provide reliable information
and new insights resulfing from experience, research and scholarship.
We also hope that this section will link academia, industry and the user
community through the sharing of critical investigations and organized
knowledge. To this end, we are seeking three forms of work: (1) Reports
of current research and development pertinent to the overall information
systems community; (2) systematic literature reviews of research for the
research and development community; and (3) systematic reviews of ap-
plications which explain sticcessful systems and procedures to the over-
all information systems community.

The refereed process consists of a “blind review.” After receiving a
manuscript from an author, we send it out for review to three or more
persons who have been identified as being knowledgeable in the topical
area. The name and affiliation of the author are removed from the paper
so the reviewers can give it an impartial review; likewise, the names of
the reviewers are not revealed to the author. We ask the reviewers to re-
spond to the following: (1) Is the thesis or purpose stated early and
clearly; (2) is the significance of the paper stated explicitly; (3) is the the-
sis argued persuastvely; (4) is the writing clear, concise, straightforward,
interesting, and in the active voice, where possible; (5) is the paper tied in
appropriate ways to relevant literature; (6} is the paper illustrated appro-
priately; (7) are the methods sound and appropriate to the paper; (8) are
the methods explained clearly; and (9) is the paper interesting to many
different types of URISA Journal readers?

If the manuscript is accepted and does not need revising, it is sent to
the managing editor for comments and final editing. If the manuscript
needs revision, assistance is provided by the editors. If the manuscript is
not accepted, it is returned with an explanation by the editors, (For com-

plete guidelines regarding the preparation of manuscripts and illustra-
tions, see p. 112-113.) '

Kenneth |. Dueker
Bernard [. Niemann, Jr.



Deep Information: The Emergin

g Role of State Land

Information Systems In Environmental Sustainability

John Felleman

Abstract: Environmental sustainability entails both a complex synergistic process of environmental knowledge-
building and proactive pluralistic responsibility. Current disparate real property, and environmental regulatory in-
formation systems block this process. Deep information, the state-facilitated integration of property and environ-
mental data at the site level, is emerging as the key to this critically necessary transformation.

In recommending that EPA establish a natiomwide ecological
mapping and monitoring program (EMAP), the SAB (Sci-
ence Advisory Board) pointed out that, given the regulatory
framework of EPA, it was important to know the relation-
ships between environmental stresses and the effects observed
- Despite the SAB's recommendation, it is not clear . . . to
what degree EMAP plans to to focus on cause-effect relation-
ships.

(Committee to Review EPA’s EMAP 1992, p.8).

The first thing to understand is that the public peace- the
sidewalk and street peace- of the cities is not kept primarily
by the police; necessary as the police are. It is kept primarily
by an intricate, almost unconscious, network of voluntary
controls and standards among the people themselves. In some
city areas . ... the keeping of sidewalk law and order is left al-

most entirely to the police and special guards . . such places
are jungles.

{Jacobs 1961, p.31)

Deep Information

We can take Ms. Jacobs quote from a period of urban

volitility, substitute the words environmental quality for

peace/Jaw/order, and regulatory agencies for police,
and describe a major issue of the 1990s. Environmental
sustainability has emerged as a dominant wisdom-
based management goal. How do we go about generat-

ing the informed social fabric necessary for its propoga-

e e

tion? In order to make meaningful progress towards
this end we will need to achieve two knowledge-
building objectives.

First is to admit our continuing endemic ignorance
of systems processes and institutionalize broad
monitoring-modeling-feedback programs. The EMAP
program is a partial step in this direction. Second is to
recognize that there are both multiple perspectives re-
garding systems functionality (plural science), and
shared public-private responsibility in perpetuity for
environmental stewardship (plural democracy).

Underlying both objectives is the concept of “deep
information,” which integrates property and environ-
mental data. Deep information directly links the small-
est scale of environmental data collection (in-situ dis-
charge reporting, well sampling, wetland designation,
etc.) with society’s fundamental environmentally re-
sponsible data unit: the landowner. A “deep informa-
tion system” facilitates integration of these currently
disparate data arenas. This would enable both spatial
and temporal aggregation for modeling and disaggre-
gation for continuous education, participatory democ-
racy, and police powers control. Such a system would
be fully “open,” accessible to all environmental stake-
holders.

The need for deep information is not widely recog-
nized. Environmental concerns, which originally were
legislated at the federal level, have been delegated in
large part to the states for implementation. These have
come into direct conflict with the traditional practice of
land use planning, which is primarily practiced at the

John Felleman is a professor of environmental studies and di- LOCE.‘I csl(':al_g er?ph;smes f}sc?l 1 heal?l;{ gnd 115 dorrur‘:;i{;gcli
rector of the graduate program in environmental science at the 0¥ Id1Vidualized negotiations wit - velopers. Yvhile
State University of New York's College of Environmental Sci-  the geometrically ncreasmg (_:c_)mplem.ty of the develgp—
ence and Forestry. He has a bachelors and masters in civil engj- ment process has added significant private and public
neering from Cornell University, a doctorate of public adminis- Sector costs, many environmentalists feel their goals are
tration from New York University, and is a licensed engineer.  not being achieved. At the heart of their concern is the
Current research and teaching include: environmental apparent inability for the regulatory approach to take a

decision-making, environmental information policy, and systems view of cumulative impacts. Much of this inef-
environmental visualization,

Felleman{URISA Journal 11



ficiency and ineffectiveness is due to haphazard infor-
mation systems, which have been created to respond to
the rapid growth in mandated regulations.

This paper reviews the evolution of the environmen-
tal-land development information problem, and out-
lines the emerging form of its resolution. Emphasis is
placed on the critical role of state government, while
most descriptions are drawn from New York state.

In the two-plus decades since Rachel Carson’s book ,
Silent Spring, and the National Environmental Policy
Act (NEPA 1969) catalyzed the modern environmental
movement, a fundamental shift of focus has occurred.
Initially, energies were concentrated on exposing and
halting major projects such as an Everglades Jetport, the
broadcasting of DDT, and the massive discharge of raw
sewage into the nation’s estuaries. These high-profile
problems were addressed by a combination of con-
straining governmental abuses, outright bans on some
practices, new federal regulations of the private and
public sector (most notably air and water point “pipe
and stack” discharges), and the increased vistbility and
third-party litigation leverage provided by impact state-
ments. Such approaches together constitute the “mod-
ern” program which has spearheaded major gains in
slowing environmental degradation and improving
public health.!

In stark contrast, a rapidly growing set of low-profile
problems has surfaced over the last decade. From our
deepening understanding of environmental systems a
new consensus has developed on the primary goal of
environmental sustainability.? It has become increas-
ingly clear that the previous background issues—such
as wetlands, hazardous materials, nonpoint pollution,
sole source aquifers, and radon—are critically linked to
the central goal of sustainability. It is also becoming ob-
vious that the modern program of environmental man-
agement is a fundamentally inadequate means of
achieving and maintaining this goal.

Insights to this lack of effectiveness can be gained by
briefly profiling some common functional characteris-
tics of these emergent issues against those of the mod-
ern program. The problems are spatially dispersed (in
contrast to “point”), and encompass numerous
landowners. Frequently, the phenomena of concern
manifest over extended periods of time, measured in
years, generations, even centuries. The phenomena of-
ten involve low levels of harmful attributes with cumu-
lative effects. These disturbances, releases, transports
and exposures are a function of the day-to-day opera-
tions of the land- (and water) based activities interacting
with the locally unique context of biophysical condi-
tions. Finally, the physical transport, ecosystem, and hu-
man health dynamics of the affected systems are often
poorly understood.

12 URISA JournalRefereed

Three key attributes—spatially dispersed private
land use, protracted time frames, and process igno-
rance—constitute a fundamentally new challenge. Fach
of the three problem attributes represents a set of misfits
to underlying management concepts and practices of
the modern program.

First, a singular, top-down role of the federal govern-
ment is not a viable approach for dealing with spatially
dispersed private lands. Laws regarding the ownership
of land, its records and taxation, and regulation of the
use of the land are responsibilities of the states and their
designated local governments. Indeed, we can see in
problem arenas, such as sole source aquifers and flood
plains, an emerging environmental federalism that com-
bines federal policy frameworks with financial carrots
and sticks, and with state police powers.

However, there are fundamental flaws inherent in
this variant in the modern program. Many states essen-
tally delegated much of their land use regulation to
municipalities during the pre-environmental period be-
tween the world wars when zoning was sweeping the
country as progressive reform.? States, such as New
York, have reinforced this partial autonomy with statu-
tory “home rule.” Since zoning itself is often optional
and has a long history of being highly politicized and
quite volatile, it provides a dubious foundation for pro-
grams designed to create long-term stewardship.

Another problem facing a state police power land
regulation management approach is the “taking issue.”
This old constitutional challenge is alive and well, as ex-
emplified by recent Supreme Court rulings 4and contin-
uing flow of more scholarly texts.” State regulatory leg-
islation designed to avoid takings are carefully worded
as apriori compromises with the private sector:

-« . to regulate use and development of such wetlands to se-
cure the natural benefits . . . consistent with the general wel-
fare and beneficial economic, social and agricultural develop-
ment of the state.

(New York State Environmental Conservation
Law Sec. 24-0103)

The result is highly predictable. Even if implemented
well they can at best slow the rate of environmental
degradation. They cannot sustain systems. Subsequent
policies, such as “no net loss” trivialize the complexity
of the environment with overly simplistic (but expedi-
ent) acreage swaps.

The second attribute—protracted time frames—is the
antithesis of the primary traditional management mech-
anisms of land development/ operating permits, often
coupled with impact statements. Both of these mecha-
nisms can be classified as “one-stop” decisions, occur-
ring at one point in time. Environmental impact state-
ments are based on the presumption that the important
issues.can be identified, analyzed and solved prior to



the undertaking of a development project. Wetland,
floodplain, septic system and other permit-based ap-
proaches take a similarly positivistic view. The one-sto
approach has been an adamant position of the real es-
tate and development sector in response to the ever-
increasing (often uncoordinated) regulatory obstacle
course,

One stop is more often than not an informational
dead-end. Impact statements, containing extensive
“amelioration” proposals, line shelves, then are dele-
gated to warehouses. Permits, issued to developers with
extensive “conditions,” are filed in departmental
archives. Frequently there is little or no follow-up moni-
toring, Subsequent land owners, managers and users
typically have no knowledge of either potential prob-
lems or responsibilities.

The final attribute, process ignorance, is enfolded in
the first two. Individual actions collectively modify en-
vironmental systems. The systems themselves are sto-
chastic and highly interrelated. Although NEPA was in
some ways visionary, its one-stop impact statement fo-
cus reinforces a disjointed, incremental approach to
management. NEPA's view of both natural and social
systems was and is mechanistic and utilitarian:

Mentify and develop methods and procedures . . . which

will insure that presently unguantified environmental
amenities and values may be given appropriate consideration
in deciston-making along with economic and technical
consideration.

(NEPA 1969)

At the outset of NEPA, federal agencies such as De-
partments of Transportation and Agriculture, and the
EPA, needed a means to satisfy NEPA's project impact-
prediction requirements. Consequently, they funded
new applied research for topics as diverse as noise, ero-
sion, scenic quality, and landfill leachate. Within a
decade, funding dried up and analysts were left with
toolboxes primarily consisting of pragmatic, empirical
estimates.(Felleman 1990) Although there have been
few audits of federal impact analyses, and probably
none of state “little NEPA’s,” the quality of prediction
appears alarmingly low.

In contrast to the injtial project impact focus of the
seventies, federal agencies in the eighties were asked to
make systems-related management decisions. These in-
cluded acid rain, groundwater pollution and critical
habitat preservation. Understandably, the response was
a call for research and data gathering. All of these study
arenas began to reveal a degree of complexity, which es-
sentially concluded that precise predictions are probably
not possible. For example, the National Research Coun-
cil studying subsurface pollution has concluded:

There is a range of capability in modeling fluid flow in

geologic media. Modelling saturated flow in porous media

Is straightforward . . . (however) conceptual issues
andjor problems in obtaining data on parameter valies
Limit the reliability and therefore applicability of flow
models involving unsaturated media, fractured media,
or two or more liquids . . . Agencies can (shouldnot
specify a list of government-approved models . ..
(because such a list appears lo be an) implied
warraniy.

(Water Science and Technology Board 1990)

Equally disturbing has been the realization that, de-
spite the existence of regulatory permit systems, it was
virtually impossible to aggregate a valid estimate of en-
vironmental systems health from the individual actions,
The dead-end permit recording systems were never de-
signed to provide strategic information.

The modern program of environmental management
fails to meet the challenges of the emergent sustainabil-
ity issues because of its narrow construction of stake-
holders, and its internalized environmental ighorance.”
A management structure that successfully accommo-
dates change and uncertainty must first and foremost
be a system that promotes learning, (Simon 1992)
Knowledge-building is necessarily founded on comple-
mentary information generation, dissemination and
feedback structures. Clearly the ad hoc, artificially deter-
ministic, one-stop regulator-regulatee dialog is inade-
quate to the task.

A more robust construct would embrace market
mechanisms, political pressure, torts (including class vs.
class actions), and evolving personal value systems. For
our emergent environmental issues, the legitimized
stakeholders include not only governments and devel-
opers, but present and future landowners, land man-
agers, occupants, lending institutions, insurers, neigh-
bors, industry, and environmental interest groups.
These parties need both continuous, direct access to
parcel-specific environmental information, and the abil-
ity to report monitoring data to the appropriate govern-
mental body.

At the systems scale, public agencies need to develop
working understandings of environmental processes.
Although clearly a public good, as in all natural and so-
cial science, development of such knowledge can only
occur through the critical give and take of multiple par-
ties each with differing agendas.8 Methods include sto-
chastic math models incorporating the parcel-based
data mentioned above, in combination with indepen-
dent monitoring of system dynamics. The systems mod-
els and information need to be readily accessible to all
stakeholders.

Synergistically, these two complementary continuous
information approaches, integrative multiattribute par-
cel scale and aggregate functional systems scale, consti-
tute a structure of “deep information.” Deep informa-
tion facilitates iterative knowledge-building and
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supports the multi-stakeholder negotiations that are in-
creasingly critical in developing wise stewardship.

Deep information in conjunction with the modern
program holds considerable promise as a means for
achieving sustainability. Although intrinsically comple-
mentary, the two decades plus of the current top-down
regulatory approach has resulted in a set of significant
institutionalized barriers to change. These barriers are
particularly high for parcel information. The following
section will focus on the parcel issues, drawing exam-
ples primarily from the state of New York.

Parcel Information in New York State

Real property ownership is traditionally defined as the
“bundle of rights” encompassing the possession, use,
and disposition of the land, its underlying soil and geol-
ogy, overlying air, and physically affixed structures and
trees. Although primarily conceived from the perspec-
tive of private ownership, several “branches out of the
bundle” are in the domain of federal and state govern-
ment, including power to tax, police, and condemn.
(Pedowitz 1984) In the United States, the sets of public
records dealing with real property ownership are tradi-
tionally known as the “cadastre,” and today are being
reformulated as Land Information Systems (LIS).

By the end of the nineteenth century, a mature cadas-
tral process had evolved to meet the multiuser commer-
cial needs of the private sector, and the administrative
and tax needs of the public sector. The process was a
truly integrated distributed information system, with
sets of deeds, plats, liens and mortgages, and assess-
ments linked by chronological transaction indices of
names and addresses of buyers /sellers, lenders/bor-
rowers, efc. These records and indices have historical
pointers to preceding records, are transactionally up-
dated, and are typically available in geographically dis-
tributed county offices. In most areas, this century-old
system remains virtually intact today.

The actual descriptions of the real property’s physical
attributes in these records are spartan, typically limited
to a description of its spatial location (sometimes am-
biguously), and computed or estimated area. Property
tax files would normally also include a dominant land
use category and some quantitative and qualitative de-
scription of building improvements. Completely miss-
ing from this system are state records of potice power
interests. This dearth of environmental and regulatory
information strongly reflects the dominant eighteenth
and nineteenth century ethics of land as a private com-
modity, and caveat emptor.

The post-World War I metropolitan-development
boom severely strained the capabilities of the traditional
cadastral system from the perspectives of private devel-
opment, public infrastructure planning, natural resource

14 URISA JournalRefereed

management, and property tax assessment. In his semi-
nal work, Land Use Information, Clawson (1965) defined
the growing information gap by identifying the inte-
grated bundle of descriptors necessary for comprehen-
sive land management:

geomorphic base (geology, soil, hydrology)
surface cover (vegelation systems)
structures

utilities

activity patterns

management practices

user populations

owmership

regulation

taxation

In addition to the inadequacy of the traditional
cadastre’s attribute descriptors, its locator and indexin
system became severely stressed. Quality control in-
volving inconsistent names and addresses, access time
involved in manual record searching, problems in spa-
tial location, and the imminent need to reconceptualize
prior to electronic conversion of data generating a crisis
of national scope. Following a decade of study, four pri-
mary conclusions were reached:

1) The land ownership parcel must be the basic spatial infor-
mation unit;

2) Name/address identifiers are inherently inadequate;
therefore

3) Each land parcel should be assigned a unique hierarchial
Parcel Identification Number (PIN) such as municipality-
section-block-lot, and includes a State Plane Coordinate
System-based visual centroid coordinate pair; and

4) The additional cost of developing this system could be met
by expanding beyond traditional land title applications to
the development of a multi-use cadastre resulting in a
broadened user base.?

At the time of the national studies, New York state
had recently emerged as a leader in the development of
a modernized state real property assessment system,
which incorporated advanced mapping standards:
PINs. The rationales behind the program were: 1) the le-
gal need to impose equity through data standardization
(and “equalization” multipliers), and 2) the pragmatic
need to increase effective yields through a comprehen-
sive top-down reform of the prior highly politicized lo-
cal-assessment practices. This progressive change can be
understood as a fundamental restructuring of a public
information system. This was necessary to support the
concurrent regionalization of service districts such as
schools and utilities, and the emergence of strong met-
ropolitan counties.

Despite its leadership, the New York system was
hardly visionary. It was authorized and implemented as
a single-purpose (taxation), single-user {(government)
construct. It added no additional real-property descrip-



tors identified by Clawson, except utility districts
(which is not equivalent to on-site utilities) and physi-
cal-based exemptions (such as wildlife preserves) per-
mitted, but not required, by tax law. While meeting a
few of the internal structural reforms called for by
Moyer and Fisher (1973), it essentially ignored the
promise of a multi-use cadastre.

The Environmental Movement

The rapid growth of the fifties and sixties included mas-
sive sprawl, interstate highways, urban renewal, and ex-
tensive energy-generation and transmission projects.
These in turn spawned the modern environmental
movement. In 1969, NEPA opened the floodgates to fed-
eral, state and local regulation of parcel-specific aspects
of the environment.1¢

For much of the twentieth century, the primary
police-power regulation of real property has been mu-
nicipal zoning. This highly politicized, temporally
volatile, and (in New York) locally optional practice was
not designed for environmental stewardship. As an in-
formation “system,” zoning maps and ordinances are
locally available, and thus present only modest addi-
tional effort to the private sector use of the traditional
deed/ mortgage/tax cadastre available at county clerks’
offices.

The explosive post-NEPA growth of federal and state
environmental regulations has occurred in complete
conceptual and physical isolation from the cadastral
system (Table 1, Columns 1 and 2). Many regulations
are state implementations of federally mandated pro-
grams. Most have been promulgated in the past two
decades. All involve long-term physical attributes of
real property. Collectively, they constitute a broad new
state declaration of real property “interest” representing
a fuzzy mixture of public ownership (with all the inher-
ent complexities of police powers and takings), and pri-
vate stewardship responsibility.

Have these regulations, designed to solve environ-
mental problems, fostered the generation of deep infor-
mation? A series of prototypical questions based on the
two cornerstones of deep information—environmental
systems level knowledge, and informed private sector
transactions—is illustrative: '

* Cana prospective developer rapidly assemble a compre-
hensive set of state environmenta) records regarding a par-
cel (and its neighboring properties)?

* Can an environmental interest group ascertain the health of
a regional ecosystem?

* Can a state legislative committee determine the cost-
effectiveness of a regulatory program?

* Can an insurance company establish actuarial-based envi-
ronmental property and life insurance rate zones, similar to
fire or automobile insurance?

Virtually none of the underlying deep information
needs embedded in these scenarios can be met by the
state’s bureaucracies. Despite the millions of public and
private sector dollars spent over the past two decades
on environmental regulation, mapping, studies and im-
pact statements, the “traditional” real estate information
crisis of the 1960s has now blossomed into the environ-
mental information crisis of the 1990s. Many local gov-
ernments have initiated database and geographic infor-
mation systems (GIS) projects partially to meet this
need. In most cases, these systems either omit critical
state regulatory data, or are forced to approximate it at
either high cost or dubious data quality.

Information Barriers

The modern program has generated three intertwined
sets of barriers to the development of deep information:

1) Jurisdictional Balkanization
2) Inappropriate Mapping Scale

3) Internally Focused Management Information Systems
(MIS} Databases

A fourth barrier is the inertial resistance to change
jointly presented by the real estate and development
sectors and the responsible public agencies.

Jurisdictional Balkinization

A state environmental regulation cannot be arbitrary or
capricious; it must apply uniformly across the state
wherever a set of specified conditions exists, However,
the use of specifying threshold conditions (such as a
100-year flood plain) in environmental regulations is ac-
tually a highly simplified view of complex exchange
processes which typically have sources, pathways, and
receivors. No single descriptive information system cov-
ers the broad spectrum of environmental processes.
They can be simplified into a two-by-three matrix of the
basic combinations of sources and receivors (Table 2).1
Column 3 of Table I extends this classification to the
state’s privately owned real property interests. In addi-
tion to the basic couplet forms, the dynamics of physical
processes can create linked chains of these issues such as
flood plain encroachment which increases flood peaks
which harm built structures (H-N-B), and lead paint
and petroleum discharges which enter a drinking water
aquifer and affect children (H-N-H). In each classifica-
tion category the environmental information involved is
unique. A robust information system needs to link each
component of the operational chains and the affected
parcels for modeling, education and responsibility.
Once there is a public and political consensus about
an environmental problem, and a real property-related
action is called for, policy decisions must be made in
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TABLEL State of New York Environmental Regulatory Interest In Private Real Property

Topic

Agency (1) Causal Chain (2) Delineation (3)
Adirondacks APA, DEC L-N/H OM,FZN
Air Emissions DEC L/N FZH
Airport Noise DEC, DOT L-H oM
Archeol /Hist. Parks L-B FZH
Asbestos Labor L-H FZH
Bulk Fuel DEC L-H/N FZH
Chemical Stor. DEC L-H/N FZH
Endang Species DEC L-N FZN
Essen. Habitat DEC L-N OM,FZH
Floodplain DEC, Municipal L/N-H/B oM
Haz. Waste DEC L-H FZH
Landfill DEC L-H/N oM
Pesticide App. DEC, Agricul. L-N/H FZH
Prime Agricul. Agriculture L/N-N/H OM
Radon Energy, Health N/L-H (FZN/H ADHOC)
Scenic River DEC L/N-N/B oM
Septic Sys. Health, County L-H/N FZH
Sole 5. Aquifer DEC, Health L/N-H oM
Surface Mine DEC L/N-N FZH
Surface Water DEC L/N-N/H oM
Well-Gas Energy, DEC L-H/N FZH
Well-Water Health, County H/N-H FZH
Wetland DEC, County L/N-N oM
Abbreviations: 1 2 3
APA-Adirondack B-Buildings OM-Official Map
Park Agency
DEC-Dept. Environmental H-Human Health FZN-Floating
Conservation
DOT-Dept.Transportation L-Land Use Zone: Natural
N-Natural System FZH- Human Activity

legislative drafting as to what form of action is to be
taken, and which agency should have implementation
authority. Action forms include: acquisitions, regula-
tions (mandatory or locally permissive), tax incentives,
assistance in obtaining federal aid, and informational.
New York, like many states, had developed in the
first half of the century a clear division of responsibility
between the Departments of Health (H receivers), and

Conservation (N receivers). The former focused on pub-

lic health with origins in controlling communicable dis-
eases, while the latter emerged from fish and game
management combined with reforestation and recre-
ation. Other departments which had environmental-
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related administrative responsibility are Transportation,
Labor, Agriculture and Markets, and regulatory bodies
such as the Public Service Commission.

The creation of a Department of Environmental Con-
servation (DEC) in 1970 was a first step toward compre-
hensively engaging the rapidly growing list of environ-
menta] problems. But as shown in Table 1, fundamental
divisions of responsibility between agencies persist. The
information balkanization problem is further exacer-
bated by the programmatic division of responsibilities
within agencies. All state agencies incorporate a combi-
nation of centralized and decentralized functions. Re-
garding the latter, the state health department has a long



TABLE2. Environmental Causal Chains

Receiver
Source Human Health (H) Built/Cultural (B) Natural Sys.(N)
Land Use (L) L-H L-B L-N
Natural (N) N-H N-B N-N

history of weak regional management with extensive
delegation of responsibility to strong county health de-
partments. In contrast, the newer Department of Envi-
ronmental Conservation has had to rely on strong re-
gional bureaus in the absence of complementary county
governmental structures. Thus for each state environ-
mental regulatory activity, the resource or regulatory
tecord system may be in Albany, in the department’s re-

gional office, in a county government department, or
some combination of these.

Inappropriate Mapping Scale

State environmental regulations specify the conditions
which trigger jurisdiction, the physical classification de-
scriptors under which a specific privately held parcel
falls under the regulation. Three distinct approaches to-
ward establishing state environmental interest in private
real property have been developed (Column 4, Table 1).
In some instances, a publicly significant, spatially articu-
lated natural resource or phenomenon is pre-identified
by the government. Examples include floodplains, wet-
lands, and prime agriculture. In each case an “official”
map (OM) of the affected area is created and legitimized
by administrative procedure 12

In the second situation, the characteristics of a regu-
lated natural resource or phenomenon is known, but its
spatial location has not been apriori articulated. This is a
“floating natural zone” (FN). Examples include endan-
gered species, and radon in buildings. Once identified
by public or private sources, there is a need to integrate
this information into the permanent public record. In
the third jurisdictional situation, it is the human land-
based activity itself, historical or proposed, which may
trigger regulatory action, These are “floating human
actvitity zones” (FH). Public records of these activities
may or may not exist, depending on the date of action,
knowledge of a regulation, and degree of conformance
with the regulatory process. Examples include use of
pesticides, removal of asbestos, and disposal of haz-
ardous wastes.

Official map state delineation approaches have
chronically suffered from inadequacy of mapping scale.
Professional standards, shown in Table 3, exist for map-
ping based on intended use (Committee on Carto-
graphic Surveying 1983). The presence or absence of re-

source or phenomenon within an ownership parcel is a
“Micro-Planning” scale mapping problem, requiring
maps between 1= 100" and 1”=1000" depending on the
size of the parcels. The specific location of a problem
such as a storage tank or a flood limit is equivalent to
“General Design,” calling for mappings of 17= 40" to
1= 200" in scale.

Obviously, if effective public management and pri-
vate sector stewardship of these resources and phenom-
ena is to occur, they must be delineated at the parcel
level and continuously communicated to all interested
parties. New York state has high-quality professional
parcel maps at the desired scale range (17= 50, 100, 200,
400, and 800" based on density of development pattern).
These are mandated for taxation purposes, and are
maintained locally by each county (N.Y.S. Local Govern-
ment Law Part 189). But what about environmental
mapping?

Resource thematic data such as sofls and floodplain bound-

aries are normally compiled af scale between 1:10,000 (17=

830°) and 1:100,000 (1”=8,300°). Transferring the already

imprecise boundaries, whether by hand o by computer, to a

cadastral (parcel) mapping scale implies a higher accuracy

than warranted, which may create erroneous information re-

lating to specific parcels of land.

{National Research Council 1983, p. 104}

Sadly, New York remains in the majority of states
criticized a decade ago by the National Research
Council:

TABLE3. Appropriate Mapping Scales

Use Scale Range
Critical Design 1"=2"t0  1"=50
General Design 1"=40t0  17=200'

Micro Planning
Local Planning
Regional Planning

17=100" to 1”= 1,000/
1"=400 to  17=2,000¢
1"="1,000" to 1”= 10,000/

Source: ASCE (1983)
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Exchange of land data between systems describing
natural phenomena, on the one hand, and cultural
phenomena, such as attributes of land parcels, on
the other are greatly facilitated when both are built
upon the foundation of a multipurpose cadastre . . .
However, more existing natural area data have been
compiled without the benefit of this accurate spatial
referencing. Until their boundaries are refevenced to
the same coordinate system, such data exchange will
require arbitrary apportionments. . ..

(Ibid., p.3)

Three examples will serve to illustrate the wide-
spread occurrence of spatial misinformation. The state
freshwater wetlands maps prepared by DE.C,, (and by
some counties) are mapped on 1”= 2000" U.S.Geological
Survey maps for permit decisions. These local/tegional
scale (see Table II) delineations are a continuing source
of controversy, negotiation, and litigation involving
property owners. Neighboring states in New England
and New Jersey are moving to larger scale mapping of
wetlands as overlays on the property ownership maps
to resolve this situation. The persistence in New York is
both an economic drain and a probable contributor to
the continuing degradation of the resource base. The in-
appropriate mapping scale causes particular problems
in areas with small parcel sizes, and led to a major con-
frontation in Staten Island.13

A second example involves the continuing debate
over the appropriateness and effectiveness of the state’s
Adirondack Park Agency in protecting the state’s envi-
ronmental interests in thousands of private inholdings
of the park. Here an even bigger map-scale compatibil-
ity problem exists. While the large scale tax mappings
described above exist for the park, the jurisdictional
map for the regulated use zones is published at a gross
Regional Planning scale (Table ID). In addition to frus-
trating local owners and developers, this disparity is so
fundamental that it helps undermine the ability of the
state to even determine whether the regulatory process
1s meeting the stewardship objectives.

A final example involves flood insurance. This is a
classic example of a federal “pass through” program.
New York, unlike many states such as Michigan, has
never been serious about environmentally regulating
floodplains. It was, and is politically expedient to write
off land use as a local “home rule” responsibility, conve-
niently overlooking the physiographic reality that hy-
drology ignores political boundaries. The enabling
statute blatantly reflects this non-environmental objec-
tive in its title: “Participation in Flood Insurance Pro-
grams.” (N.Y. State Environmental Conservation Law
sec. 36)

In order to qualify for federally subsidized flood in~
surance, the state D.E.C. has a token unit which facili-
tates federally mandated mapping and planning re-
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quirements. Predictably, the minimal federal mapping
(General Design/ Micro Planning, Table 3) is frequently
insufficient to ascertain whether an inhabitable structure
is in or out of the designated flood area ( a Critical De-
sign to General Design scale, Table 3, decision). This
complex technical determination is left to the lending in-
stitutions, a group with little or no cartographic or engi-
neering capability and a vested interest in selling insur-
ance (Federal Emergency Management Agency 1987).
The state could have required adequate mappings, such
as overlays on the tax parcel base, and the development
of a public record of affected parcels.!# Rather, it has
chosen to be satisfied with the federal lowest common
denominator. By default, the state has no capacity to
build knowledge regarding flood areas; the private sec-
tor reinvents the wheel each time a parcel is sold or
structure erected.

These diverse examples point out a strategically
fundamental problem related to environmental map-
ping in New York state: there is no central coordination
and no state mapping standards. Many states, such as
Georgia, Oregon, Wisconsin and Minnesota, and the
federal agencies, have in recent years set up (by execu-
tive order or legislative mandate) interagency mapping
groups to develop standards, coordinate major map-
ping expenditures and promote information sharing,
New York, however, is still at the informal discussion
stage.15

Internally Focused Management
Information Sustems

The legislative assignment of a new regulatory activity
to an administrative department is just an initial step in
the evolution of an information system. The department
must internally decide whether to delegate to an exist-
ing unit (division, bureau . . .) or to create a new one.
Permit forms must be generated, logs of permitting ac-
tivities developed, and tracking strategies developed for
conformance compliance.

Permits are a classic type of transaction, and lend
themselves to being organized by principles of Manage-
ment Information Systems (MIS). The modern environ-
mental movement has coincided with the information
revolution. Typically the responsible unit has set up an
internal database, either comprehensive or summary,
for permits. A comprehensive database would include
all the data elements in the permit form; while a sum-
mary database uses selected data fields (e.g., name, ad-
dress, date, number, action} to provide information for
resource mangement, such as staff assignments, budget-
ing and locating the original paper permit records.

The regulatory permit record approach to environ-
mental administration has demonstrated a strong ten-
dency to become an end in itself rather than a means to



stewardship. (Mattingly 1993) Although this is under-
standable from the perspectives of both bureaucratic or-
ganization theory, and the chronic underfunding which
characterizes many environmental agencies, it poses a
major constraint to the development of deep informa-
tion.

The permit databases are typically designed to rely
solely on internal (applicant/agency) data sources, and
to be used solely by internal employees. In combination
with the administrative balkanization of environmental
responsibilities, the existence of numerous disconnected
data sets undermines effective usage by the private sec-
tor and interested publics. For example, a centralized
subunit of DEC manages the Bulk Oil Storage program,
regional DEC offices handle wetlands, while septic sys-
tem records are held by a county health department,
and asbestos removal information is the responsibility
of the licensed contractor.

New York’s Department of Environmental Conserva-
tion has developed a Regulatory Compliance Informa-
tion System (RCIS) which has greatly enhanced its effi-
clency in processing applications, tracking renewals and
violations, and gaining a “multimedia” composite of a
facility. However the system does not make use of PINs
with their tie to parcel information and high-quality vi-
sual centroid. Rather it relies on name, address, and a
crude EPA quality estimate of latitude and longitude.
(N.Y. D.E.C. 1987)

If managed for knowledge creation, the MIS record
system could be used to improve the inherent fuzziness
of originally inappropriate mapping scales. As each
structure is surveyed for flood insurance, and each wet-
land is field-checked for a disturbance permit, the origi-
nal maps could be updated and refined. At a systems
scale for example, as development progresses in a wa-
tershed, the predictive basis for delineating the flood
zones evolves. Therefore, the affected parcel designa-
tions require periodic revision. In no instance has such
information feedback-based stewardship been done.

A major independent study of the Adirondack Park
Agency sought to ascertain whether its regulatory sys-
tem was actually leading to the achievement of the leg-
islated environmental goals. Not unexpectedly:

As a practical matter, nobody really knows with great cer-
tainty how much noncompliance is occurring and how effec-
tive is the Agency’s enforcement program . .. our inability to
determine compliance rates in a reasonable time suggests the
law is seriously flawed.

The Commission further recommended:

The construction and maintenance of a system of information
... Essential to the above information system must be a layer
of otomership and unique tax identification numbers for all
lands within the park . . . this is the only and economically

and logistically feasible method to manage a political and geo-
graphic area as large and complex as the Adirondack Park.
(Commission on the Adirondacks 1990)

The agency has been using PINs in its application
forms for a number of years; however there was not
an integrated information system which could readily
aggregate scattered regulatory data. A pilot project
currently underway is examining a fully electronic
document-image management system encompassing
both new and historical records.

Private and Public Sector Inertin

Many environmental health problems such as asbestos,
lead paint, and radon are causally tied to the physical
character of the site and buildings. These are clearly a
component of real property. Since awareness of these
problems has typically arisen after the decisions to build
and occupy were made, an effective stewardship ap-
proach must address a composite of education, regula-
tion, and positive and negative economic incentives.
The time frame and geographical distribution of these
problems create unique sets of owner stakeholders.

Generalizing, asbestos involves many post-World
War II (1950s and ‘60s) structures including public
buildings, commercial, and subdivisions. Lead paint
problems are centered on early and mid-twentieth cen-
tury urban areas, often low income districts. Radon oc-
curs throughout the nation, has no time frame, and of-
ten has high occurrence rates in suburban and rural
owner-occupied single family residences.

An information-based model for the rational man-
agement of this class of problems was developed at the
turn of the century in the control of tuberculosis and
other diseases endemic in over-crowded urban tene-
ments. The components include: 100 percent inspection
conducted by professionals; the development of parcel
and building specific public records; periodic monitor-
ing and notification/education of owners and residents;
and the cooperation of other agencies, public interest
groups, elected boards and the media. {city of New
York 1903)

It is interesting to contrast what a century of
“progress” has brought. By some estimates, radon may
pose a risk to New York state residents of a magnitude
similar to that of the tenements. In response, there are
no regulations and no knowledge-building open-
information system to manage this entirely controllable
problem. The Environmental Health unit of the Depart-
ment of Health sponsored some billboards; their 800
number told you to go to a hardware store and buy a
test kit (which are notoriously easy to fake safe results
by simply covering the holes). The real-estate sector in-
formally encourages sale contract conditions creating a
patchwork grey/black market of testing and ameliora-
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tion. Caveat emptor reigns! Unlike the earlier reform
model which had the slumlords as a clear target, the
homeowner population of New York and its elected of-
ficials are ignorant and afraid. The professional health
department is dysfunctional, waiting (as per lead,
radon, asbestos. ... .) to see if there will be a federal man-
date for action,

Probably the major high-visibility example of the po-
tential for parcel-based environmental information Sys-
tems to revolutionize stewardship is the field of haz-
ardous waste. Evolving federal legislation!® has
established strict liability, in essence transcending a
strict regulatory framework and embracing a broad ap-
proach of nuisance-focused “statutory common law.”17
The private sector had two questions: where are the
problems, and who pays?

In general, to argue that someone is a non-liable in-
nocent landowner they must demonstrate they’'ve re-
viewed “any commonly known or reasonably ascertain-
able information about the site,” including its
immediate neighboring parcels, and conducted an on-
site audit.(Turner 1988) The full impact of the liability
responsibilities came center stage in U.S. v. Maryland
National Bank and Trust Co., where a bank that gained
title through a mortgage foreclosure was held liable for
costly cleanup (632 ESupp. 573 (D.Md. 1986)).

All public records may be legally considered com-
monly known and reasonably ascertainable. Inferences
that some potentially hazardous waste activity may
have occurred on a particular site in the past may be
found in literally hundreds of different federal, state,
and local public data sources ranging from tax assess-
ments to fire inspections; from operating licenses to zon-
ing variances. There is no way our currently chaotic set
of records can support the timely needs of the private
sector, Hazardous waste represents a floating-zone
human-activity jurisdictional information problem (Ta-
bles 1, 2). In stark contrast to the lead and radon issues,
CERCLA generated a major demand in the real estate
and business communities, (and affiliated demand by
the neighboring publics and non-governmental envi-
ronmental interest groups), for an adequate information
system. Because of Love Canal, New York became a
leader in addressing the abandoned hazardous-waste
site problem. While RECRA was focusing initially on ac-
tive sites, New York took a more comprehensive view.
The legislatively mandated information trajecto
which has evolved around the 1979 New York State
Hazardous Waste Disposal Sites Act is quite revealing:

* In 1980, and every year thereafter, the DEC is to report to
the legislature and governor the identity of every inactive
hazardous waste site known to the department, includin
site address, location latitude and longitude (EPA) and cur-

rent owners (N.Y.S. Environmental Conservation Law sec.
27-1305).
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* 1982. DEC shall maintain and make available for public in-
spection at its regional and subregional offices and at the
office of the county clerk or register for each county the fa-
cility address and “site boundaries” (replacing latitude and
longitude); time used for hazardous waste; name of current
owners and operator, and names of past owners and oper-
ators during time period used for disposal (Ibid ).

* 1990. By July 1993 each county recording officer must an
provide index of present and past owners and operators of
inactive hazardous waste disposal sites contained in DEC’s
annual report. The index shall contain: an alphabetical list-
ing of present owner; reference to page and year of DEC re-
port N.Y.S. Real Property Law sec 316(b)).

* 1991. Drop requirement of recording past owners and op-
erators and present operators. Add: “The index shall also
contain the tax map parcel number or the section, block,
and lot number of the site”(Ibid.).

This information evolution is not unique to New
York. Formal parcel linking had previously been
adopted in Minnesota (Minn. Environmental Protection
115B.16); West Virginia(W.Va. Code sec. 20-5E-20); and
Pennsylvania (35 Pa. Sec.6018.405). The conclusions in
this high-stakes arena are quite obvious. First, the envi-
ronment is the joint responsibility of the public and pri-
vate sectors. Second, stewardship responsibilities exist
in-perpetuity. Therefore, narrowly construed agency
management information systems need to be compre-
hensively redesigned to encompass the needs of plural-
istic sets of end-users.

In the high-visibility case of hazardous waste, some

fundamental information stewardship questions re-
main:

* When a site has been certified as being “cleaned,” will it
disappear from the indices (even though future standards
may be more stringent)?

* Asa floating human-activity zone delineation problem,
sites are continuously being discovered. Most of the cur-
rent discovery takes place during privately contracted site
audits. Should this information enter the public record??8

Finally we must again address the lower-profile but
more significant problems such as asbestos, lead and
radon. How do these follow hazardous waste into a
land information system?

Can We Get There From Here?

Every state-level examination of environmentally re-
lated stewardship in recent years has identified the gap
between real property information and environmental
information. The RCIS initiative from DEC, its wet-
land'® program review, Governor’s Adirondack Park
Review Commission, the hazardous waste legislative
maturation, and the Vision 2000 study (1993), all
strongly reinforce the recommendations reached ten
years ago by the National Research Council (1983):



In a multipurpose cadastre, these (data) components must be
maintained in @ manner that provides the foundation for
other registers of land data, each keyed to the standard parcel
identifiers for the retrieval of specific records and for linking
with data in other files . ..

The decisions of state governments, or their lack of decisions,
will set the pattern. The adoption of standards will depend on
the authority of state legislation. . each state (should) create

an Office of Land Information Systems to provide the needed

leadership and administer (the necessary) grants in aid to lo-
cal governments.

The databases used in agencies are relational. By us-
ing a common data field, data tables can be linked, and
logical operations performed to facilitate searches, cre-
ate new records, and customize tables and reports. Since
none of New York's state environmental record data-
bases incorporate PINs, the promise of deep informa-
tion, via a distributed multi-purpose environmental LIS,
remains purely conceptual.

The challenge of developing a deep environmental
information system in a state like New York is quite
complex. The cumulative information response since
the 1970s, including administrative balkanization, im-
precise resource mapping scales, and disjointed data-
bases are the antithesis of public sector knowledge
building and private sector communication. These ob-
stacles are compounded by the magnitude of the prob-
lem (New York has approximately 5 million parcels
with roughly 10 percent changing ownership annually),
and the state’s lack of a centralized approach to infor-
mation stewardship.

Despite these problems, recent advances in both the
technical and policy arenas hold considerable promise
in the short run. What would such a system look like?
Initial highlights would be:

* Rather than a single centralized database, a distributed net-
work of connected data indices would link central state of-
fices, regional state offices, and county offices (and poten-
tially dial-up remote private parties).

* All new real property transactions, including the tradi-
tional deed, tax, mortgage, lien records would incorporate
the appropriate PIN, and electronic indices including the
PIN would be maintained on line by the county clerks.?

¢ All new environmental records would inciude the appro-
priate PINs. Electronic indices of these PINs would be
maintained by the appropriate county, state-regional, and
state-central offices. .

* A “locator” front end would handle queries providing a
comprehensive listing of all available environmental
records and the appropriate source for further detail.

Models for all of these components now exist. The
province of Alberta has been the North American leader
in a “state” level, remotely accessible, comprehensive,

land information system. In Australia, the development
of a central “Registry of Restrictions” is designed to
serve the multi-agency, multi-end user information
needs. The “locator” concept is being implemented in
federal agencies. Idaho is putting its water resources on
line, and Texas is rapidly moving toward statewide in-
terconnections . Meanwhile, distributed real-time trans-
actional data linking is fueling the productivity revolu-
tion in the retail and manufacturing private sectors.
New York has developed distributed, linked transac-
tional systems in response to major high-publicity infor-
mation-driven crises: criminal records and welfare
fraud. It remains to be seen whether the “quiet crisis” in
environment and real estate will lead the governor and
legislature to similar action. Meanwhile the problems
continue to grow. The federal government has recently
given New York City two options: treat its water ata
cost of billions of dollars, or manage its sprawling mid-
Hudson and Catskill watersheds encompassing hun-
dreds of thousands of urban and rural residents, farm-
ers and businesses. The city, with few fiscal resources,
has pragmatically chosen the latter. Will it work?
“... nobody can promise the city that protecting the wa-
tershed will be enough . ..” (N.Y. Times Dec. 20, 1992).
There is a clear sign of progress however. The city has
recently entered into a contract with the state Division
of Equalization and Assessment to obtain parcel files for
five counties. This may enable the development of a
linked LIS-runoff modeling-regulatory compliance
framework.

The Federal Dimension

The above discussion has focused on the state level.
States constitute the critical environmental stewardship
lynch-pin in our system of federalism. In reviewing
New York’s situation, we must also examine briefly the
influence of the national government. The need for dee
information has been recognized within the federal nat-
ural resource agencies. It has not, however, emerged as
an objective of environmental regulators.

For federally owned and managed lands, the multi-
ple-use legislation of the 1960s followed by the environ-
mental mandates of the 1970s has led to the continuing,
development of planning-monitoring-modeling ap-
proaches. Although there is still considerable contro-
versy regarding the openess of these processes in re-
gards to meaningful public participation, considerable
progress has been made toward gaining a better under-
standing of basic natural systems. Since virtually all
these systems are disturbed, the continuing effects of
human activity and the associated complex of manager-
ial and permitee-regulated actions constitute a critical
dimension of stewardship.
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In a final report required by the Federal Land Ex-
change Facilitation Act of 1988, the Department of Inte-
rior’s first recommendation was:

1A} The concept of a nationwide land information manage-
ment system should be adopted.

1B) Components that all land information systems should
contain are:

* geodetic control. ..

¢ basic map information. .,

* property boundaries including uniquedentifier for
land parcels; and land attributes, including lega! rights
and land use infromation as needed by particular juris-
diction.

(U.5 Department of the Interior 1990

The federal land management agencies, such as the
Forest Service and Bureau of Land Mangement, are
making considerable LIS progress. The federal private
sector regulatory agencies such as FEMA and EPA
aren’t. It appears that because it would be unfeasible for
them to develop uniform parcel linkages for the whole
country they therefore ignore it out of hand. A more
proactive information policy approach to federalism
would be for such agencies to encourage and require
parcel linking for programs such as flood insurance, and
toxic release inventories in those states that have parcel
numbering data systems.

Beyond the obvious pragmatic benefits in both public
and private sectors to such an approach, is the deep in-
formation potential for continued knowledge-building.
Mlustrative is the EPA’s continually controversial Envi-
ronmental Monitoring and Assessment Program
(EMAP). The agency states its objectives are to: estimate
ecological status, change, distribution and extent; seek
associations between selected indicators of natural and
anthropogenic stresses and ecological conditions; and to
generate periodic reports. (EPA 1993)

The National Research Council’s continuing critques
have in part focused on the “stressor indicators . . .nat-
ural processes, environmental hazards or management
actions. . .which will often be measured and monitored
by programs other than EMAP.”(National Research
Council 1992, p.5) The apparent reliance on remote sens-
ing land cover {as opposed to comprehensive land-use
information) and second- and third-party stressor indi-
cators raise serious questions about the ability to de-
velop informed causality-based policy. Parcel level land
information is as essential to this objective as field moni-
toring of some indicator species. To date, the volumi-
nous EMAP study design and literature appears to ig-
nore the proposed federal approach toward an
integrated LIS.

There is currently a wide range of discussion and
committee work underway on data-exchange stan-
dards, data-quality analysis, and the “information high-
way.” Such efforts are necessary building blocks, but to-
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gether do not constitute a coherent framework for deep
information. What is needed at the state level is compre-
hensive information policy that expands the obsolete
nineteenth-century view of the cadastre to include leg-
islatively mandated state environmental interests in real
property. Similarly, at the federal level, we need broad
policy to legitimize state LIS within federally mandated
environmental regulation. In combination with the con-
tinuing evolution of electronic public access and open
systems, these fundamental policy shifts would help
build the deep informational bridge to environmental
stewardship.

Notes

1. The successes of the regulatory approach have been far greater

for initial compliance than for continuous performance. See
Russel (1986).

2. Environmental sustainability involves maintaining the func-
tional and restorative capabilities of natural systems. The term
is commonly expanded to “sustainable development,” which
embraces continued growth in human population and eco-
nomic activities. That these two goals are compatible remains

to be seen. For some insights to this ongoing debate, see Colby
(1990).

3. Revisionist historical perspectives of this “reform” have
downplayed the importance of environmental concerns such
as public health (air and light}, and safety (congestion and
fire}, and focused on zoning's blatant economic segregation
means to the primary general welfare end of stabilized real es-
tate values. See Boyer (1943),

4. The debate over taking is only a dilemma (public good vs. pri-
vate property) when one fails to examine the potentials of the
information revolution and the market. What if the state of
South Carolina had publicly pre-identified that housing con-
struction in one coastal reach would directly increase storm
dammage in another specified reach as a basis for subsequent
class vs class actions (see Lucas 1992)? What if all children’s
camps were required to have insurance to operate, and Los
Angeles Co. notified carriers that specific properties in the
creek zone were subject to flash flooding (see First English
1987)?

5. For the perspective that essentially all regulation is a taking,
see Epstein (1985}, For the view that sustainable development
requires a fundamentally new ownership stewardship ethic,
see Bromley (1991).

6. For a review of this problem, see Culhane (1985), Since there is
virtually no monitoring data, the researchers relied on inter-
view “guesstimates.” Another issue was precision vs, accu-
racy. The study tabulates many high-accuracy rates because
the analyses were so vague that almost any future would be
consistent with the prediction.

7. For a rare look into both the total absence of an aggregate per-
spective in permit-based regulations and the difficulty in as-
sembling such a view, see Mattingly {1993).

8. The modern program is inherently monolithic, while the new
environmental reality ranging from global warming to local
“Not In My Backyard” (NIMBY}) is pluralistic. For an insight-
ful treatment of this shift, see Schwarz (1990).



9. The breadth of active participation in this underta king reflects
both the extent and depth of the perceived information crisis,
and the promise of newly emerging computer approaches
such as the Sensus DIME work, and the Federal Information
Processing Standards (FIPS).

10. It is important to recognize that NEPA is both a facilitator of
regulation creation, and an anti-information systems policy.
For the former it is of the “candy over the fence” category.
Controversial projects generate impact statements which iden-
tify potential impacts to the public and various administrators,
This creates highly focused pressure to pass regulations. As an
information systems policy, NEPA is an abject failure. A com-
piete lack of standardization in classification, mapping and
modeling; the absence of even rudimentary quality control;
the failure to develop storage-retrieval-archival mechanisms;
and the great consumption of scarce resources are the antithe-
sis of cumulative knowledge-building,

11. An examination of regulatory management regarding “path-
ways" is illustrative of the inability of permit systems to build
process knowledge. A good example is the static 20-year use
in New York state of a generic 100-foot buffer around all regu-
lated wetlands regardless of geomorphic, hydrologic or eco-
logic contexts. What started out as a legal convenience has be-
come institutionalized ignorance.

12. In the case of wetlands, state administrative procedures re-
quires notice be given affected property owners during a re-
view period prior to formal map approval. DEC staff hand-
generated a mailing list by visually matching mapped wetland
units with tax parcel maps. Once mailing labels were gener-
ated, the PIN indexed owner lists were discarded! From a reg-
ulatory monitoring standpoint, the department has no ability
to update current owners; from a stewardship perspective it
has no proactive targeted continuing information/ educational
program. Wetland informationat materials are passively avail-
able upon request.

13. See Riexinger (1983). New York regulates wetlands greater in
size than 12.4 acres. The Corps of Engincers regulates wet-
lands greater than 1 acre based on gross U.S. Fish and Wildlife
service maps at 1:24,000 scale. Recently DEC’s Commissioner
has stated that New York should take over complete responsi-
bility for this resource. See DEC (1992). Aithough New York's
management of small wetlands would be a clear improvement
over the chaos of the current federal approach, the state’s cur-
rently inappropriate mapping scale would be even more inad-
equate, while its nonuse of PINs would continue to undermine
the potential of private stewardship,

14. A similar land information systems dead end appears to be
developing in the state of California. In response to its contin-
uing earthquake presence, the state has undertaken an ambi-
tious hazard-mapping program. Building regulation is the re-
sponsibility of local government, the market is supposedly
informed by “. . . sellers disclosure to buyers of properties in
hazardous zones” (Turner 1992).

15. The high cost of developing large geographic information sys-
tems has been a major stimulant for state coordination efforts.
See Warneke (1991). Legislation to establish a state GIS
“study” committee is pending in New York.

16. Resource Conservation Recovery Act of 1976 (RCRA), US.C.
secs. 6973 et seq. Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA), US.C.
secs. 9601 et seq.Superfund Amendments and Reauthorization
Act of 1986 (SARA), Pub. Law 99-499.

17. See Ch. 8, “The Return to Common Law,” in Bonine (1984).

18. This issue involves the debate between privacy and public
safety. See Nolan (1992).

19. In an internal legislative memorandum dated 1987, the DEC
acknowledged the wetland information disarray, and sup-
ported passage of a legislative requirement wherein “ . . . nec-
essary (landowner) information would be avaitable in the mis-
cellaneous indices in the county clerk’s office which are

routinely checked as patt of the title search for property land
transfers.”

20. A two-year study of modernizing land record information sys-
terns has made this recomunendation to the Governor (Gover-
nor’s Task Force on Filing and Recording 1993). To date there
has been no executive action or legislative initiative response.
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Visualization of Spatial Data Quality for the
Decision-Maker: A Data-Quality Filter

Jeffrey Paradis and Kate Beard

Abstract: The lack of effective communication of data quality (fitness for use) is a key issue hampering the success-
ful utilization of geographic information systems (GIS). Current GISs do not explicitly address quality informa-
tion and provide few or primitive means by which to communicate it. This work proposes a “data-quality filter” to
efficiently organize and communicate data quality to a decision-maker, The filter relates data quality information
directly to the visualization of datn, providing an implicit yet precise porirayal of the data’s fitness for use. To apply
the filter, the user defines a set of quality requirements with respect to accuracy, resolution, consistency and lin-
eage. As the user retrieves and processes one or more data sefs, only data meeting the specified criteria pass
through the “filter.” The visualization technique simply displays the data meeting the user's specifications, The ap-
plication of the filter to a cadastral data set of heterogeneous quality illustrates the effectiveness and utility of this
approach. The filter directly relates quality and its communication and encourages users to become intimately in-
volved with their actual data requirementis, contemplate trade-offs, define a realistic error budget and participate in

comprehending the effects of a GIS function on a data set.

ffective communication of data quality is a key is-
Esue hampering the utilization of geographic infor-

mation systems (GIS). Current GISs do not ad-
dress quality information (Burrough 1992; Chrisman
1989) and provide few or primitive means by which to
communicate it. Goodchild (1993, p. 94) highlights the
lack of quality communication saying, “.. . spatial data-
bases ... rarely inform the user of their accuracies in
any useful manner.” Quality (fitness for use) is a major
concern because it determines the limits of use for any
data set. GIS must therefore support and communicate
quality information to fulfill its role as a technique for
rapidly combining information from multiple sources to
aid decision-making.

Openshaw (1989, p. 263) succinctly describes the

communication problem stating:

- -« With manual cartographic methods many problems are
visible and the highly skilled operator makes the necessary
adjustments and knows how far the information can be relied
upon. With GIS the equivalent operations are transparent,

m
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the operators are no longer so knowledgeable in or aware of
the limitations of the data and problems are more or less com-
pletely invisible.

The key to the success of the manual process was the
interaction between the data collector, the map-maker
and the user as described by Raisz (1938, p. 1), “.... The
surveyor measures the land, the cartographer collects
the measurements and renders them on a map, and the
geographer interprets the facts thus displayed.”

The functions were separate, yet there was a logical
flow and order by which information was passed be-
tween phases. This process generated specific informa-
tion products along with implicit measures of quality
understood by experts. In some cases, maps included
explicit quality information in the form of reliability dia-
grams (Chrisman 1983). Many of these beneficial char-
acteristics of maps should exist at the visual interface of
a successful GIS,

Within current GIS the user can be completely iso-
lated from and often ignorant of the data collection and
compilation processes and their potential to affect and
influence the results of GIS processing. The trans-
parency of GIS operations and their effects compound
the isolation of the user from the potential problems of
the information processing and the outputs. Computer-
generated maps may, in fact, imply much higher quality
than is warranted. According to Goodchild (1991,

p. 118), “. .. The average user will approach a GIS or
spatial data-handling system with the assumption
that all internal operations are carried out with infinite
precision.”
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Current approaches to GIS have bypassed much of
the quality information of traditional mapping by focus-
ing on issues and components of data that can be
rapidly captured and implemented on a computer. Sub-
stantial numeric processing capability alone does not
solve the problem faced by a GIS user (with what confi-
dence can the data be used?). For example, the digitiza-
tion process used today (digitizing paper maps) dis-
cards much of the useful information normally
incorporated in a paper map, such as ancillary textual
information (compiled by whom, when, etc.). Ancillary
textual information combined with map style, scale, se-
ries and publication or production organization (e.g.,
1:20,000 SCS Soils Map) provides an implicit concept of
the overall fitness for use of paper maps. Digital prod-
ucts do not carry such quality information, although
some researchers (Chrisman 1983; Goodchild and Gopal
1989; Lanter 1991) are addressing the inclusion of qual-
ity information in GIS. To formulate a successful GIS
strategy it is necessary to provide such information and
allow the user to interact with the data and its quality
directly.

Quality information is the key to putting GIS prod-
ucts into an understandable form. Such information
provides the necessary context to place information in a
model that verifies potential uses and failings of data
with respect to an application. In the traditional process,
a USG5 1:24,000 scale topographic map may have been
chosen over a surveyor’s 1:1200 scale topographic sur-
vey, depending on potential application and the effect of
quality (fitness for use) on that application. The limiting
factor is that quality is implicit and the users’ assess-
ment depends wholly upon their knowledge of map-
ping. Because the nature of digital data requires an ex-
plicit approach, GIS has the potential to be much more
effective and robust in managing and communicating
quality. The capability to explicitly access and interact
with data based on overall quality needs will allow fu-
ture systems to pass the expertise/knowledge of the
surveyor, cartographer or other experts to the GIS user.

The data-quality communication problem can be ad-
dressed by the efficient and effective use of visualization
tools in combination with modeling and measurement
of quality variables. From the viewpoint that the
strength of the mapping process lies in its ability to deal
with data quality, albeit implicitly, and the strength of
maps lies in visualization, GIS technology should focus
on quality in two ways: 1) support quality reporting as
an integral part of data, data collection and information
processing (Goodchild 1991), and 2) allow the user to di-
rectly interact with the data with respect to quality is-
sues. This paper focuses on a technique that addresses
the latter issue, providing true user involvement in the
data-quality issue. The proposed approach, a ‘data-qual-
ity filter’, controls the display of data based on its qual-
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ity. The filter concept is a tool that requires users to spec-
ify data-quality needs according to their prospective ap-
plication. The data-quality filter provides a structure in
which to specify data-quality needs and view the data
based on these quality specifications. These characteris-
tics provide effective communication of data quality and
education on the limits of the available data.

Context for the Filter: Quality
and the Decision-Maker

Beard and Mackaness (1993} describe three contexts for
quality assessment: a production context, an exploration
context and a decision-making context. This paper fo-
cuses on the decision-making context. The decision-
making context is the strength of GIS, allowing the com-
bination of many resources to formulate a ‘best’
solution: “. .. the ability to manipulate spatial data into
different forms and to extract additional meaning from
them is at the root of current interest in GIS technology.”
(Goodchild 1987, p. 327) GIS is currently being used to
more efficiently model natural phenomena and analyze
the effect of different management practices (e.g., ero-
sion and pollution monitoring, Ventura 1990; Niemann
et al. 1988; Young et al. 1989; and Vieux and Needham
1993). When GIS is used to determine the utilization of
limited resources, the quality of the data has critical con-
sequences.

In a decision-making environment, the digital repre-
sentation of any spatially referenced feature is ambigu-
ous at best without aspects of quality such as described
in Goodchild and Gopal {1989), or Veregin (1989). To
base even the most rudimentary choice on information
generated by a GIS, a decision-maker must know how
the data were collected, how they were processed, and
the values of specific measures of quality. Even simple
measures such as overall root mean square error (rmse)
or percent correctly classified (PCC) can help inform the
user/decision-maker. Quality and its measures can be
classified many ways, in order to fit various schema, but
it is essentially task defined: Does the quality of the in-
formation meet the decision-maker’s needs? Beard and
Mackaness (1993} describe the quality information re-
quirements of decision-makers as:

* immediately accessible

* interpreted in the context of the task

* available in a format pertinent to the decision making envi-
ronment

Because user data-quality needs are dynamic and
vary with application, there is no efficient or practical
manner to design a system to anticipate all possible
users’ data-quality needs and prevent possible misuse
(Couclelis 1992). The variation of user needs combined
with a lack of communication tools for data quality hin-



der comprehensive and efficient analysis by the
decision-maker. Because of this variation, any system
design should avoid a propensity to rigorously define
and dictate potential fitness for use to the user.

To provide flexibility in a decision-making context, a
communication technique must encompass the prag-
matic production context requirements as well as some
Exploratory Data Analysis (EDA) (Beard and Mack-
aness 1993). Exploration of data quality can shift focus
away from a results-oriented approach to an open-
ended search for ‘new” relationships between variables,
which may not be the most efficient method of attack
for a decision-maker. The complexity and focus on ‘ex-
ploration’ limits the use of EDA as the primary source of
data-quality information for the average decision-
maker. EDA should be employed as a secondary arm to
investigate data quality when commonly used ap-
proaches, such as analysis of variance, cannot provide
understandable answers. Examples of innovative sys-
tems that could be utilized in such a role are: Polygon
Explorer (MacDougall 1992), SPIDER (Haslett, Wills and
Unwin 1990) or OMEGA (Weihs and Schmidli 1990).

To accommaodate the decision-maker it is necessary to
provide a context in which quality information is ex-
plicit, robust, and yet subtle. Subtle communication cre-
ates a context in which the effectiveness of data is en-
hanced, not overwhelmed, by quality information. Both
implicit and explicit measures of data quality can be
combined to provide for the variable needs of decision-
makers, through communication of and education in
the limits of data. Geographic information systems must
provide storage, computation and communication capa-
bilities that complement and aid the human interpretive
and creative processes used by decision-makers.

A Data-Quality Filter

This paper describes a ‘data-quality filter” in which
measures of data quality are used to filter data as they
are retrieved and/or processed by a user of a GIS. The
user defines a set of quality requirements with respect to
positional and attribute accuracy, resolution and lineage.
Only data meeting the specified criteria are passed
through the filter to be viewed by the user. Other re-
searchers (MacEachren et al. 1993) have touched upon
the filtering idea, but the core of this concept is to create
a logical framework for mapping quality to a visualiza-
tion technique that provides a simple yet effective tool
for the decision-maker.

The Filter Concept

The filter is based on the data-quality matrix (Figure 1)
described by Beard and Buttenfield (1992), which is
composed of the combination of Sinton’s (1978) obser-

FIGUREL Data-Quality Filter Matrix composed of
Sinton’s (1978) observation requirements and the FIPS data
quality standard (Feagas ef al. 1992)
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vation requirements and the FIPS data-quality standard
(Fegeas et al. 1992). The matrix structures the type of
quality information users may request. Each cell of the
matrix represents a quality component and contains
several standard quality measures. For example, the lo-
cational accuracy cell could include maximum allow-
able root mean square or residuals (Figure 2a). Resolu-
tion of location measures could include cell size or
minimum mapping unit. Thematic accuracy could be
specified by measures of probability. Temporal lineage
could include collection dates or time intervals. These

FIGURE 2. The shaded areas (a) illustrate how any com-
bination of quality components important to a user’s appli-
cation can be chosen. Measures that could be chosen to de-
fine locational accuracy are highlighted (b).
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quality measures could be computed from primitive
quality values stored as data attributes or if a GIS opera-
tion has been performed, from a GIS error propagation
function. For example, positional accuracy measures
such as RMSE (Figure 2b) could be computed from co-
ordinate (x and y) residuals stored as point attributes.
Values for frequently used measures could be pre-
computed or compiled and stored routinely as part of
standard GIS operations.

The decision-maker uses the matrix structure to de-
scribe quality criteria appropriate for the prospective
application. These criteria are defined by specifying a
quality component, quality measure and a threshold
value for that measure. The filter consists of one or more
user-specified data-quality tuples (component, measure,
threshold). When data are retrieved and/or processed
by a GIS, the filter (all data quality tuples—component,
measure, threshold) is applied to the data and only data
meeting the criteria are displayed. To assist the user, two
techniques clarify the status of the displayed data. First,
the filter reports the percentage of the total data set(s)
passed. Secondly, the filter provides the capability to
toggle on and display data which did not pass. These
features communicate the availability of additional
lower-quality information.

To enhance assessment of quality, the filter allows
separate examination of the data’s behavior with respect
to each user-specified quality threshold. For example, a
classified image could be subjected to a positional at-
tribute and temporal filter simultaneously or to each fil-
ter independently. The user can thus experiment to de-
termine the limiting quality component of the data set.
These features back up, enhance and explain the poten-
tially unexpected results generated by the filtering
process.

The filter would sit on top of current GIS and be in-
voked at the user’s discretion. When invoked, the filter
alerts the decision-maker to potential problems and lim-
its of data by not displaying data of inferior quality, as
defined by the user’s criteria. This informs the user that
quality limits do exist. The data-quality filter provides
multiple quality measures and several techniques (sepa-
rate filtering, toggle and percent passed) to help the user
determine a meaningful definition of quality and a mea-
sure of its magnitude. For example, the filtering process
could produce a view with little or no data passing the
filter, resulting in a blank screen or areas with no data
visible. Such a blank, or nearly blank, screen explicitly
and directly notifies users that a data set or results of an
operation do not meet their quality requirements. The
shock value achieved through this approach sharply
contrasts the characteristics of the available data and the
user’s expectations. The filter requires users to become
intimately involved with their actual data requirements,
contemplate trade-offs, define a realistic error budget
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and participate in comprehending the effects of a GIS
function on a set of data.

The filter fulfills the three decision-making quality re-
quirements described by Beard and Mackaness (1993).
First, it is not only immediately accessible, but an inte-
gral component of the analysis process. Second, because
it is part of the analysis process it is automatically inter-
preted in the context of the task. Finally, it is available in
a format pertinent to the decision-making because the
quality components of interest are determined by the
user. The filter presents the opportunity for effective
feedback, interaction between the user and the system,
and visualization of quality components. The impor-
tance of visualization in the effective communication of
data quality cannot be overemphasized. By operating
directly on the data, the filter provides an efficient
framework to visualize and assess data quality at any
time. This capability better informs decision-makers by
furnishing applicable quality information while simulta-
neously presenting the data.

Filter Requirements

The focus of all GIS processes from data collection to fi-
nal preduction should be on the creation of data in
which quality is incorporated in order to fulfill the infor-
mation needs of a decision-maker. The filter is based on
the existence of quality measures not currently incorpo-
rated in GIS data sets. Presently, if the filter is used in
conjunction with a GIS and no data quality measures
are available, no data will pass the filter. This communi-
cation technique effectively accomplishes a goal of the

_ filter by simply alerting the user that the quality compo-

nent of the data is missing from the data and that the
data are of unknown quality. As more complete data
sets (containing quality information) become available
and the filter is incorporated into GIS, this capability
will help blend new and old data sets while consistently
informing the user of the availability of quality informa-
tion. The incorporation of some quality information in
data is being formalized by the EGDC Content Standards
for Digital Geospatial Metadata (1994) and ASTM Content
Specifications for Digital Geospatial Metadata (1994). These
standards define measures for positional and attribute
accuracy that could be readily incorporated into the
filter.

Implementation of a complete data-quality filter (Fig-
ure 1) necessitates not only the formulation of new error
models or measures but further study in error propaga-
tion. The filter could rely on error propagation functions
similar to those described by Lanter and Veregin (1992)
for each possible measure. These error-propagation
functions for every error measure or index would exist
for a wide range of GIS operations, forming part of the
“ideal” GIS (Goodchild 1991), Furthermore, quality in-



formation or functions to generate quality information
need to be added to the database and integrated with
the GIS software in order to respond to user queries.

The need to provide and store additional information
requires a reassessment of current data collection and
storage techniques. The data-collection techniques used
in traditional mapping focused on collecting data for
creation of specific products. The data were collected in
a manner only adequate for their intended use. Data-
collection techniques which were formulated for the
generation of paper maps must be modified to support
quality assessment for multiple uses. Effective data col-
lection for GIS must use adequate measurement and
documentation of data quality to provide spatially refer-
enced data-quality attributes necessary for filter opera-
tion. Better measurements and documentation of qual-
ity, not higher precision, are elements of the solution to
effective communication of data quality. New data
structures should be investigated to facilitate the appli-
cation of the data-quality filter. For example, hierarchi-
cal storage of data with respect to locational uncertainty
(Dutton 1989) would facilitate filter operation by creat-
ing a data structure built on fundamental levels repre-
senting data accuracy. A user’s prescribed threshold
then becomes the index to directly retrieve the applica-
ble data.

The quality matrix and multiple measures for each
category add versatility allowing decision-makers to
choose the most appropriate measure(s) for their spe-
cific purpose. Coupling a range of potential quality
measures with data sets containing attributes from
which measures are computed provides a flexible capa-
bility from which various views can be generated or
new quality measures determined. This versatility is
further enhanced by the potential to extend the filter
with new or more advanced error measures.

Filter Operation

The filter provides two useful functions: 1) it immedi-
ately notifies users of the limits of the data with respect
to their specific requirements (these requirements are re-
flected in quality specifications used as a filter), and 2) it
provides a framework of standard quality measures and
visualization techniques through which to interact with
data.

The filter operates in the following manner:

1) The user chooses the applicable quality categories needed
for the prospective GIS application (Figure 2a),

2) The user chooses one of several standard quality measures
from each highlighted quality category (Figure 2b).

3) The user specifies minimum quality requirements (a
threshold) for all chosen quality measures.

4) a) Actual values for the user-specified quality measures

are computed or retrieved for selected data sets.

b) Any GIS operation generates spatially referenced primi-
tive quality attribute values based on error propagation
techniques. These are used as above to compute actual
values for the user specified measures.

5) Data sets and GIS products are filtered by comparing the
computed values against the user specified criteria (thresh-
old). The filtering process passes to the user's view only re-
sults meeting the specified criteria (Figure 3a).

The filters focus on user choice of quality measures
and thresholds provides for direct user interaction with
the data in relation to data quality. The capability to al-
low only appropriate information to be seen clearly in-
forms and simultaneously educates the user in the lim-
its of the data regarding quality for a specific
application. By directly involving the user in a context
specific assessment of the quality of data, the filter per-
forms a similar function as “go get me the USGS Topo-
graphic Map sheet versus a surveyor’s plan.” If the
user’s criteria define a “surveyor’s plan” and the data
are a “USGS Topographic Map” then no data pass
through the filter.

Examples
Example 1

Assume thematic accuracy is chosen as an important
quality component for operations on a set of pixels clas-
sified for land use. The probability that land use is clas-
sified correctly is chosen as the measure and a threshold
of .90 is set as the acceptable minimum. When data are
accessed, only grid cells/pixels with a probability of
correct classification greater than 90 are displayed by
the filter. When operations such as resampling are per-
formed, the appropriate error propagation function is
applied to the entire data set but only grid cells/pixels
meeting the criteria are displayed. This visualization
technique applies to operations on all data and prevents
the communication of sub-standard (by the user’s own
definition) data. The filter provides a safety net that pro-
tects users from exceeding the limits of the data with re-
spect to the specific requirements of their application.

Example 2

A rudimentary, yet widely applicable GIS operation is
the transformation of data from one coordinate system
to another. A set of point data is transformed into a new
coordinate system and the filter is applied (Figure 3). In
this example, the selected quality category is positional
accuracy. The standard quality measure is distance and
the user specified threshold is 30 meters. The data set
undergoes an affine coordinate transformation. This op-
eration involves a transformation function being ap-
plied to a set of data and an associated set of Xy residu-
als being generated from the transformed coordinates
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FIGURE3. Point features that have undergone an affine
transformation and have been filtered using a distance
threshold of 30m (74 percent passed) are overlaid on the
applicable road network (a). Point features not meeting the
30m threshold are ‘toggled on’ as open circles (b).

using the inverse of the transformation function. Dis-
tance values are computed for all points using the x,y
residuals. When the filter criterion (30 meters) is applied
to the data set, 74 percent of the points satisfy the crite-
ria. The filtered data, all point positions moved less than
a distance of 30 meters, are shown in Figure 3a. The
points are overlaid on the applicable road network to
provide context. The points not satisfying the specified
(30-meter) criteria are ‘toggled on’ in Figure 3b, as de-
scribed in the Filter Concept section.

Example 3

GIS are often utilized to help formulate land-manage-
ment decisions. These decisions are often based on re-
connaissance level databases (Robinette 1991). Such
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databases are often limited to determining areas that
need further investigation. Current GIS do not show
quality and can therefore give a false impression of criti-
cal areas warranting further investigation. Such mis-

leading information has the potential to waste finiteand

expensive assets such as field checking. The following
scenario illustrates the effect of quality on a land man-
agement decision. This example highlights the power of
the filter in communicating these effects. The problem is
to determine if there are any clear-cut areas within sec-
tion boundaries and if applicable regulations apply.

The utility of the filter is highlighted when it is ap-
plied to data sets of heterogeneous quality. Data sets
with heterogeneous quality are becoming more widely
used and available, furthering the need for communica-
tion of data quality. This is following a natural evolution
in digital data sets as they can now be immediately up-
dated in a piece-wise fashion providing the user with
the most current information available. The variable re-
liability of these data sets requires more robust commu-
nication of data quality because the user cannot expect a
singular quality level throughout the system, A classi-
fied remotely sensed image, by its very nature, has het-
erogeneous quality described by measures like the PCC
for every class. TIGER files are another example of in-
formation of heterogeneous quality and which only be-
come more heterogeneous as updates are made. Most of
the commercially available data sets have no systematic
means for tracking the variation in quality.

The next example highlights the use of an existing
heterogeneous data set produced by the U.S. Depart-
ment of Interior’s Bureau of Land Management (BLM).
The coordinates in the Geographic Coordinate Data
Base (GCDB) are generated by the Geographic Measure-
ment Management (GMM) system. GMM is a computa-
tional system that generates geodetic positions of cor-
ners in the U. S. Public Land Survey System (USPLSS)
based on detailed record information. GMM subdivides
to the quarter quarter section level and provides parcel
attribute information (Hintz ef al. 1993). The strength of
GMM lies in its mathematically rigorous approach to
the problem of generating geodetic coordinates from
record information. GMM uses a least-squares analysis
technique which provides the capability to assign error
estimates to all input data. Survey Identifications (SID)
contain information on who performed the survey,
when it was performed and the error estimates for the
record data. The SIDs provide unique assets to the
GCDB as a direct compilation of the lineage information
assoctated with a survey and a specific tie between how
the data were gathered and the reliability of a corner po-
sition. The least-squares analysis, using a weighting
process, allows the combination of data with large preci-
ston differences to formulate a unique sclution. The ac-
quisition of new data with a higher precision can be in-



FIGURE4A. Important quality attributes selected in
Example 3 are highlighted.
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corporated piecemeal over time, continuously strength-
ening the results. This measurement-based, re-adjust-
continually approach incorporates all available informa-
tion to generate the ‘most likely’ location of a corner.
The reliability of all corner positions generated by GMM
are defined by the final coordinate standard deviations
at the 95 percent level. The reliability of boundary lines
is simply the larger of the two endpoint reliabilities.

The quality concerns in this example are positional
accuracy of the boundary lines and the attribute accu-
racy of the classification (Figure 4a). The user selects the
quality measures as reliability generated by GMM (posi-
tional accuracy) and Percent Correctly Classified (at-
tribute accuracy). The user determines thresholds of 200
feet and 85 percent are appropriate based on experience
and an administrative rule that no clear-cuts are al-
lowed within 200 feet of a property boundary (Figure
4b). The user chooses the four sections of a PLSS town-
ship (Figure 5a) in question and a classified image cov-
ering the same area (Figure 5b). The image contains
three classes: 1) mature Spruce/Fir forest, 2) clear-cut ar-
eas and 3) newly replanted areas. At this or any subse-
quent time the filter can be applied to determine the ef-
fect of the filter thresholds on the data. When the filter is
applied, the boundary location between sections 10 and
11 is less reliable than the 200-foot threshold and is not
displayed (Figure 5c). The filter is applied to the image
and the newly replanted class has a PCC less than 85
percent; therefore it is not displayed and the area it en-
compasses becomes the same as the screen background
(Figure 5d). The filter presents the continuous opportu-
nity to re-evaluate the quality criteria in the form of new
thresholds or measures. For example, a user could re-
evaluate at a new threshold of 75 percent classification
accuracy or, if supported by the error model, by an alter-

FIGURE4B. The quality thresholds chosen in Example 3,
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hate error measure. If the error model described by
Goodchild et al. (1992) were applied, the user could
view quality on a pixel as opposed to a‘class basis.

The results of an overlay operation on the data (Fig-
ures 5e and 5f) show the filter’s communication tech-
nique. Error propagation through the overlay operation
is ignored in this example. The overlay in which quality
thresholds are not considered (Figure 5¢) shows that
regulations apply to section 10. When quality is consid-
ered, areas in which the data are uncertain with respect
to the decision criteria are clearly shown (Figure 5f). It
cannot be determined if section 15 contains a clear-cut
area because the classification of land use in that section
is uncertain based on the user defined criteria, The un-
certain boundary between sections 10 and 11 is another
area warranting further investigation to determine if
section 11 is affected by the clear-cut regulations. An ex-
ploratory capability is inherent in the filter concept be-
cause the thresholds can be changed at any time. This
feature allows the decision-maker to effectively deter-
mine the limits of the available data.

Conclusion

The filter concept addresses two of the major stumbling
blocks to the data quality issue: 1) robustness with re-
spect to user data-quality requirements and 2) proactive
involvement of the user with data-quality issues, The
filter encourages the user to have an intimate involve-
ment with the data quality because all data are passed
through the filter and the effect of the filter on the result-
ing display cannot be ignored. The technique provides
explicit measures and views of quality through user-
defined filter thresholds. The user knows all visible in-
formation, irrespective of source or subsequent opera-
tions meets a certain minimum quality criteria. Such
knowledge parallels the implicit measures routinely in-
corporated in traditional mapping,

The capability to provide an avenue of education
should be a fundamental characteristic of a GIS. Data
quality is a necessary component in GIS but the wide
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(D) Land use showing clear cut and replanted areas in Spruce/Fir forest filtered using PCC of .85 for all classes.

(B) Land use showing clear cut and replanted areas in Spruce/Fir forest.

(A) Boundary data for Sections 10, 11, 14, and 15 of T25N17E.
(C) Boundary data filtered using a 200-foot threshold.

FIGURE 5.
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