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PREFACE

The Mapping Science Committee (MSC) was established in 1987 at the
request of the U.S. Geological Survey (USGS) to provide advice on their
cartographic and geographic activities. During the course of its studies, the MSC
was exposed to activities in several other federal agencies and recognized several
generic problems involving the conduct of mapping and spatial analysis. Because
of the continuing explosive growth of the technology and the accompanying
modernization efforts (both within the federal and nonfederal government and
elsewhere), generic problems, the redundancy of data production, the potential
for application of the methodologies to other programs, and the large fiscal
expenditures anticipated, the MSC expanded its scope to offer its capabilities and
advice to other federal agencies that have become involved in these programs.

In response to the initial charges developed for the earlier USGS activity, the
MSC issued two reports, Spatial Data Needs: The Future of the National
Mapping Program (1990) and Research and Development in the National
Mapping Division, USGS: Trends and Prospects (1991). In both reports, the MSC
recognized the utility of its advice to the broader governmental agencies that
utilize mapping or the analyses of spatially referenced digital data.

Because of this recognition, the MSC initiated this study. The question that
this study addresses is: What could be done better or more efficiently if the
content, accuracy, organization, and control of spatial data were different? The
study examines the current national spatial data infrastructure, encompassing the
roles of private institutions as well as local, state, and federal governments in
using and sharing geographic
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information. In addition it identifies barriers that prevent these groups from
acquiring knowledge, making decisions, or performing the duties that rely on the
timely availability and easy access to an organized body of geographically
referenced information. The scope of spatial data can be enormous, and spatial
data can be important components of a wide variety of scientific, technical, and
social disciplines and applications. The MSC focused its efforts on the generic
issues of spatial data management, collection, and use, particularly regarding the
data bases that drive geographic information systems and other similar methods
of analyses.

In the past 2 years, the MSC met (at least once) with 18 different federal
agencies to be briefed and to discuss various programs within each agency
dealing with spatial data collection and use. These agencies include the
following:

Department of Commerce

Bureau of the Census

National Institute of Standards and Technology

National Oceanic and Atmospheric Administration

Department of Defense

Army Corps of Engineers

Defense Mapping Agency

Department of the Interior

Bureau of Land Management

Fish and Wildlife Service

U.S. Geological Survey

Department of Agriculture

Agricultural Stabilization and Conservation Service

Economic Research Service

Forest Service

National Agriculture Statistical Service

Soil Conservation Service

Department of Transportation

Federal Highway Administration

Environmental Protection Agency
National Aeronautics and Space Administration
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At several MSC meetings, discussions of policies regarding spatial data were
held with representatives of the Office of Management and Budget and its
interagency committee, the Federal Geographic Data Committee (FGDC). In
addition, representatives of the MSC attended several FGDC meetings.
Representatives from Bell South also participated in a meeting and discussed
issues relevant to the utilities sector, and a representative from the Council of
State Governments discussed the Council's State Geographic Information
Activities Compendium. The MSC appreciates the participation of officials from
these organizations in developing the committee's background to address the
issues in this report.

The MSC, through its members, brought valuable experience relevant to
state and local governmental activities, the needs of utilities, Intelligent Vehicle
Highway Navigation Systems, and the role of the private sector. Members of the
MSC participated in key roles at the 1991 FGDC-sponsored Geographic
Information and Spatial Data Exposition held in Washington, D.C., and at other
meetings of associations and societies relevant to spatial data.
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This volume is dedicated to the memory of Barbara Bartz Petchenik (1939–
1992), a friend and colleague, whose inspiration, contagious enthusiasm, and
keen insight provided profound intellectual stimuli to the Mapping Science
Committee. Barbara had been associated with the committee since its inception
in 1987 and made significant contributions to all three of the committee's
reports. Her bright smile and refreshing perspective will be missed by all.
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1

EXECUTIVE SUMMARY

THE CHALLENGE

Rapid access to data and information is crucial to the economic,
environmental, and social well-being of our global society. It is generally
accepted that in the early 1960s the United States was moving towards being an
information society. This information society depends on spatial (geographic)
data and information. Today an ever increasing volume of these spatially
referenced data are being produced, stored, transferred, manipulated, and
analyzed in digital form. Until now, maps in analog form have been a mainstay
of a wide variety of applications and decision making. This is changing as more
data and information on a wider variety of topics or themes (e.g., population,
hydrology, agriculture, climate, and soils) become available in digital format.

To service those who need digital data, new digital products are appearing
with greater frequency, increasing quantities of spatially referenced data. With
this increased production comes the potential for substantial duplication of effort
or the underutilization of valuable information that may have been created at
considerable cost and effort.

The scope of spatial data can be enormous, and spatial data can be important
components of a wide variety of scientific, technical, and social disciplines and
applications. In the context of this study the Mapping Science Committee focused
its efforts on the generic issues of spatial data management, collection, and use,
particularly in geographic information systems and other similar methods of
analyses.

A major challenge over the next decade will be to enhance the accessibility,
communication, and use of spatially referenced data to sup
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port a wide variety of decisions at all levels of society. By creating an effective,
efficient, and widely accessible ''information highway"—the backbone of a
robust National Spatial Data Infrastructure (NSDI)—data could be readily
transported and easily integrated both horizontally (e.g., across environmental,
economic, and institutional data bases) and vertically (e.g., from local to national
and eventually to global levels). The NSDI could provide transparent access to
myriad data bases for countless applications (e.g., facility management, real
estate transactions, taxation, land-use planning, transportation, emergency
services, environmental assessment and monitoring, and research). Work on these
applications occurs in schools, offices, and homes nationwide. Furthermore, a
robust NSDI will create new value-added services and market opportunities in
emerging spatial information industries.

The National Spatial Data Infrastructure is the means to assemble 
geographic information that describes the arrangement and attributes of features
and phenomena on the Earth. The infrastructure includes the materials,
technology, and people necessary to acquire, process, store, and distribute such
information to meet a wide variety of needs.

We must emphasize that a national spatial data infrastructure exists. It is an
ad hoc affair because, until very recently, no one conceived of it or defined it as a
coherent entity, and indeed it has not been very coherent or coordinated. It is not
the task of the Mapping Science Committee (MSC) to create a national spatial
data infrastructure. We want merely to point out its existence, identify its
components and characteristics, assess the efficiency with which it functions to
meet national needs (from local to federal), and finally make recommendations
that might make it more useful, more economical, better coordinated, and robust.
Several investigators have shown that investments in spatial data technologies are
normally repaid by the long-term benefits and that greater efficiencies are
realized. In addition, there could be a significant reduction in the cost of operation
of geographic information systems (GIS) if existing data were shared, thus
reducing duplication of efforts of data collection. The committee maintains that
improvements in the national spatial data infrastructure are critical to the
maintenance of a competitive position for the United States in an increasingly
international economic arena.

Over the past decade researchers in government, private industry, and
academia began to appreciate the technical and institutional difficulties in
creating distributed networks of spatial data bases at all levels of government and
society. Many technical problems have been solved, but most
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networks in place today are still at a primitive stage of development and involve
only a limited number of organizations and data types. Even when the number
and the size of data bases involved in a given network are relatively small, the
coordination and cooperation required for data sharing have often been hard to
obtain. Policy issues such as levels of incentives, mandates, access, pricing,
privacy, and liability have only recently begun to be addressed.

The nations need to access spatial data and information is growing rapidly.
Geographic referencing is needed in areas such as health, education, and social
welfare, where a variety of information collected from many sources is used to
track problems and identify trends. Perhaps, the most rapidly growing
requirements for spatial data and information is currently in environmental
management. To achieve such goals as sustainable economic development and
protection of sensitive natural resources (e.g., wetlands), land managers need to
know what information exists, how to obtain it, and how it can be merged with
information from other sources. New technologies (e.g., GIS, remote sensing,
spatial modeling, and artificial intelligence) provide the capability to meet these
and other needs. However, unless the National Spatial Data Infrastructure is
robust and the spatial data bases, policies, and standards are in place to facilitate
the access and use of spatial data nationally, opportunities in areas from
environment to development will be lost.

An enormous amount of resources is expended annually in spatial data
systems, data collection, and manipulation. The annual amount is difficult to
quantify. Several marketing firms have estimated some of the worldwide
expenditures: roughly, there are annual expenditures in related software sales of
about $600 million and hardware sales of about $1,300 million in 1992. From the
collective experience of many spatial data system implementations, software and
hardware expenses are typically much less than 20 percent of the total costs. If
this is true, then the annual expenditures for spatial data collection, manipulation,
and the institutions involved are on the order of $8 to $10 billion, and may be
significantly more.

ISSUES

The question addressed by this study is: What could be done better or more
efficiently if the content, accuracy, organization, and control of spatial data were
different? In reviewing the spatial data activities of a
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variety of federal agencies, the MSC identified several general issues and
impediments that need to be resolved to build a more robust NSDI. Although
most issues focus on federal activities, they are parallel to those that exist in state
and local governments and the private sector. These issues are discussed in
greater depth in Chapter 4.

ISSUE 1: There is no agreed-upon national vision of the NSDI nor is there
an apparatus to implement it. Consequently, there is no national policy covering
spatial data nor is there a national organization or agency with the charter,
authority, and vision to provide leadership of the nation's spatial data collection,
use, and exchange.

ISSUE 2: Because of the lack of central oversight, there appears to be
extensive overlap and duplication in spatial data collection at the federal level.
Overlap in data collection also appears to occur between federal and state
agencies, and among state, local, and private sector organizations, all at a
significant cost to the public. These institutions are collecting spatial data at
many scales, levels of accuracy, levels of detail, and categories of data, making 
the sharing of spatial data very difficult (if not impossible).

ISSUE 3: There are no current mechanisms that allow identification of what
spatial data have been collected, where the data are stored, who controls the
access to the data, the content of the data, and the data coverage (e.g., scale, data
density).

ISSUE 4: Although a Federal Information Processing Standard (FIPS) for
spatial data transfer has been approved, profiles for implementing this standard
for the exchange of spatial data between federal agencies have yet to be
developed. Moreover, standard activities need to be expanded beyond transfer
standards to include more specific measures and standards of content, quality,
currency, and performance of various components of the NSDI. As a corollary,
there is no agreed-upon representation of "base data" for small-, medium-, and
large-scale spatial data products.

ISSUE 5: There are major impediments to, and few workable incentives for,
the sharing of spatial data among the federal, state, and local organizations.
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The committee studied two broad areas of intense spatial data activity: urban
fabric (Chapter 5) and wetlands (Chapter 6 and Appendix B). In particular, our
study of the relationship of wetlands and the spatial data that describe them
yielded a myriad of problems that might be helpful in addressing similar complex
environmental issues of national interest, for example, the geographic distribution
of endangered species or the monitoring of biodiverse lands. The pervasiveness
of these issues is apparent in both the urban fabric and wetlands examples.

RECOMMENDATIONS

In response to the above issues and others discussed within in the report, we
offer a series of recommendations intended to strengthen the NSDI and make it
more robust. That is not to say that additional efforts should not be pursued and
encouraged. These recommendations are discussed in detail in Chapter 9.

1.  Effective national policies, strategies, and organizational
structures need to be established at the federal level for the
integration or national spatial data collection, use, and
distribution.

2.  The Federal Geographic Data Committee (FGDC), which
operates under the aegis of the Office of Management and
Budget (OMB), should continue to be the working body of the
agencies to coordinate the interagency program as defined in
OMB Circular A-16. However, the charter and programs of the
FGDC need to be strengthened to

•   expand the development and speed the creation and
implementation of standards (content, quality, performance, and
exchange), procedures, and specifications for spatially referenced
digital data, and

•   create a series of incentives, particularly among federal agencies, 
that would maximize the sharing of spatial data and minimize the 
redundancy of spatial data collection.

3.  Procedures should be established to foster ready access to
information describing spatial data available within government
and the
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private sector through existing networks, thereby providing on-
line access by the public in the form of directories and catalogs.

4.  A spatial data sharing program should be established to enrich 
national spatial data coverage, minimize redundant data
collection at all levels, and create new opportunities for the use
of spatial data throughout the nation. Specific funding and
budgetary cross-cutting responsibilities of federal agencies
should be identified by the OMB and the FGDC should
coordinate the cross-cutting aspects of the program.

CONCLUSION

This country has a tradition of localized control in the public sector and a
belief in the power of free market forces operating in the private sector to best
serve the national interest. In an era of instantaneous nationwide and worldwide
transmission of information, compartmentalization of spatial data collection and
management may no longer make sense as it has in the past. Survival in an
increasingly global economy, dominated by ever larger private-public sector
coalitions in countries outside the United States, may be possible only if
commitments are made in this country to a national policy for increased
information development and sharing.
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2

INTRODUCTION

Before about 1960 the dominant medium for recording and transmitting
information about geographic location was the map, a highly conventionalized
analog image, usually ink on paper. The map has certain unique values as well as
profound limitations.

In a sense, the total store of information about the geography of a nation in
the past was equivalent to all existing maps. Because it is difficult or impossible
to aggregate or cumulate maps or mapped information in any practical way, this
store of information was widely dispersed and frequently encapsulated in
particular applications. Except for a few major programs, most importantly the
national topographic map series produced by the National Mapping Division
(NMD) of the United States Geological Survey (USGS), mapping has
traditionally been application specific. Maps are almost never made strictly for
the sake of mapping; they are tools, having value only in allowing their users to
do other tasks: for example, manage land records, run paper companies, build
highways, carry out a census, or search for minerals.

Many public and private sector organizations that traditionally made maps
or caused them to be made were not primarily mappers and viewed mapping
strictly as a cost of doing business. Once used or applied, much map information
was stored or discarded. It never became accessible to other potential users, and
thus could not be said to contribute significantly to a national store of knowledge.

One could in the pre-1960 era conceive of a social-economic entity called
"the cartographic enterprise," that is, all individuals and institutions involved in
the production, use, and dissemination of maps. Except for the widespread use of
USGS topographic maps as a source of common base
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data, there was little integration among the components of this entity. The cost
and time associated with the compilation, drafting, printing, and distribution of
paper maps prohibited such integration.

The introduction of the digital computer in the 1960s and 1970s led to two
major developments in mapping. First, the printed map can be produced by using
the new, more flexible digital technology. Second, the printed map is increasingly
being supplemented and replaced by computer-based geographic information
systems (GIS), which treat maps as a series of spatially integrated layers. While
paper maps originated to supplement human memory and vision, GIS do this and
more: they supplement human cognitive or information-processing capabilities as
well.

In the GIS era it is no longer adequate to speak of a "cartographic enterprise"
with its connotation of simply making paper maps. Instead we must develop new
conceptions more useful in describing and analyzing how geographic data (any
data referenced to location) are acquired, processed, disseminated, and used.

Unlike maps, strings of geographic or spatially referenced digital data can be
aggregated, transformed, and shared. Spatial data can now be more easily isolated
and abstracted from the particular application in which it was developed and
channelled into other settings and other GIS where it can be reused, enhanced,
and routed to other potential user communities. The old "top down" model
(especially appropriate for base data from NMD and other federal agencies) is
inadequate to represent the multidirectional alternative information flows that are
now technically feasible.

Spatially referenced digital data can perhaps be thought of as molecules of
water that in aggregate form a circulating fluid, flowing freely from application to
application (or from system to system). Conceived of in this fashion, information
can be seen to take on value and become a marketable commodity, quite apart
from the context, need, or application for which it was originally developed.

An important qualification to this concept must, however, be clearly stated.
It is often said that our nation's economy is becoming information-based, and
statistics are produced to show its considerable economic value. It is critical to
recall (as many journalists do not) that while information seems to have a reality
of its own, it takes on value only with reference to authentic value-producing
activity, that is, only when it is about something. For example, even though a
timber products firm might like to buy rather than produce basic mapping of its
resources and facilities
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and might assume that there would be a market for such information per se, the
need and therefore the market for such data may exist only as long as the primary
business (timber production and sale) itself exists. This is obvious but often
seems to be overlooked in discussions of the information economy.

Considerable quantities of spatial data are generated for special or even
unique purposes, and it is unlikely that much of it needs to circulate widely. In
addition, proprietary business data, conceivably of very general interest, also
would not be publically shared.

Because of rapidly advancing capabilities and uses of technology, it is often
difficult to understand and visualize the most profound implications of the
computer for handling geographic information. GIS require vast amounts of
digital spatial data to function and because these data are not commonly derived
by digital sensing of geographic reality (much of which is not physical anyway),
the users have been forced to rely on data derived from analog maps.
Consequently, much of the total investment in GIS for decades has been in a
continuing, tedious, and expensive process of converting analog (paper) maps
into digital data bases. Furthermore, given the application-oriented nature of
mapping, including GIS, the committee has seen examples of waste and
redundancy as the same maps are repeatedly digitized by different organizations.

The maps or categories of information on maps that are repeatedly being
digitized at high cost (primarily to the tax-paying public) are what are commonly
called base maps or base data. It can be safely assumed that the most commonly
digitized base maps are the 55,000 sheets of the NMD's 1:24,000-scale
topographic map series and that the most commonly digitized data categories
include graticule, shorelines, drainage, political boundaries, and transportation
routes.

In retrospect, it might have been wise early on to digitize these categories
nationwide, as a one-time-only crash effort. This was not done, and the nation
continues with a disproportionate share of its spatial data resources devoted to
repeating base data digitizing rather than creating new, improved data.

The MSC (1990), in its report Spatial Data Needs: The Future of the 
National Mapping Program, focused on the role played by the USGS in
providing spatial information to other federal agencies and to the nation as a
whole. During most of the USGS's history, this information took the form of
topographic maps, most importantly and most recently nationwide coverage at the
scale of 1:24,000.
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However, in the past few decades the demand for spatially referenced
information shifted dramatically from analog maps to digital data. As a result, the
USGS, the only organization offering a comprehensive national reference map
series, came under intense pressure to respond to this change with an altered or
expanded program. Spatial Data Needs was produced at the USGS's request, and
it contained a series of recommendations designed to assist the USGS to adapt to
changing user requirements.

In Spatial Data Needs the phrase "national spatial data infrastructure"
appeared several times, its meaning clarified only by context. At that time no
effort was made by the MSC to define the concept precisely, or to examine the
roles played by government agencies other than the USGS. However, in 1990 the
responsibilities of the MSC changed to include a broader perspective on federal
mapping organizations (with the word mapping used here as a very general term
encompassing all spatial data collection and use) and, less directly but crucially,
the mapping activities of the nation as a whole. With this change in perspective,
the need to better articulate our objectives became apparent. Therefore, the MSC
considers that its mission includes responsibility for the NSDI as follows:

The Mapping Science Committee will serve as a focus for external advice to
the federal agencies on scientific and technical matters related to spatial data
handling and analysis. The purpose of the committee is to provide advice on the
development of a robust national spatial data infrastructure for making informed
decisions at all levels of government and throughout society in general.

The MSC has for 2 years been gathering information about the programs of a
wide variety of mapping organizations in the public sector (federal, state, and
local) as well as from a more limited selection of firms in the private sector. The
MSC is now in a position to provide both a more comprehensive definition of a
national spatial data infrastructure and a series of recommendations to improve its
utility. The purpose of this report is to:

•   describe the concept and evolution of the NSDI;
•   document the success or failure of the current NSDI, with evidence

based on an examination of specific spatial data domains;
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•   analyze impediments to success and, where possible, propose ways these
impediments can be removed; and finally,

•   propose the creation of incentives, which probably will nee to involve
many institutional changes, that will lead to the creation of a more
useful and cost-effective NSDI for the nation as a whole.

REFERENCE
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Committee, National Research Council, National Academy Press, Washington, D.C., 78 pp.
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3

NATIONAL SPATIAL DATA
INFRASTRUCTURE

EVOLUTION

In the past few decades, there has been an evolution of how data and
information are perceived in the context of an information society and in the
capabilities of handling spatial data. The changes have been remarkably parallel.

The characteristics of data and information have progressed from a
discipline orientation to a mission orientation and finally to a problem orientation
(American Library Association, 1978). All three orientations currently exist and
are interrelated. The disciplinary orientation largely concerns physical
measurements often of a narrow technical nature (e.g., hypsography). The
mission orientation represents the organization of data and information required
for a specific job (e.g., building a weapon system or assessing a natural
resource). The problem orientation draws on data and information from the
disciplinary and mission orientations but is distinguished by the need to integrate
information from a variety of sources primarily for public policy formulation and
decision making. The characteristics of these three orientations are given in
Table 3.1.

In a similar context, efforts to build computer-based spatial information
systems can also be viewed in three stages. The initial stage dates back to the
early 1960s, evolved through a second, and is now entering a third (McLaughlin,
1991). There is no simple boundary separating stages. The dates given below are
somewhat arbitrary but they represent major shifts in the general environment.
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Stage I (circa 1960—1980)

During this first period there was much experimentation and a genuine
effort to develop a new paradigm for managing spatial data. With its focus on
research and development, this period saw the first use of computers in surveying
and mapping, the first efforts in automating land records, and the first attempts to
build urban and regional information systems. The inspiration largely was driven
by the public value (or need) of spatial data rather than the technology or
commercial value of the data.

There was a broad vision of an information society, including the inherent
power of spatial data systems to help resolve land issues and to enable greater
citizen participation in decision making. In government and university
laboratories, the first GIS software was developed to integrate the variety of
information required for regulation and land-use planning. State systems in
Minnesota and elsewhere evolved in response to the environmental agendas of
the late 1960s and early 1970s. Furthermore, new concepts, such as the
multipurpose cadastre, emerged for organizing land-related activities around
shared information. The vision cut across disciplinary boundaries and the early
years were characterized by a strong interest in integration and cooperation.

Stage II (1975—2000)

If the first stage was marked by innovation and a broad vision, then the
second stage might be described as a retreat. This is the period in which
computer-based spatial information systems have come into their own for
administration, facilities management, and planning. Governments at all levels
are making large investments in data base development. But for the most part
these accomplishments are occurring within traditional institutional models (e.g.,
line departments automating their established activities). Far too often, the vision
of the integrating powers of the new technology and the potential devolution of
power to the people has been lost.

A critical feature of this period has been the rapid emergence of commercial
GIS and digital mapping software, and by the mid-1980s a major vendor-driven
market had been established. The vendors increasingly set the agenda. The tools
of the trade began to dominate the proliferation of conferences, and the question
of why was replaced with how. No organization has wanted to be left out but few
have had innovative ideas

NATIONAL SPATIAL DATA INFRASTRUCTURE 14

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

,
an

d 
so

m
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Toward a Coordinated Spatial Data Infrastructure for the Nation 
http://www.nap.edu/catalog/2105.html

http://www.nap.edu/catalog/2105.html


about using the tools they purchased. Despite emphasis on graphics and spatial
analysis (especially by academics), the predominant interest has been in textual
data and in simple, straightforward query applications of the spatial data. There
have been important technological improvements (especially in hardware) but
many of the basic concepts date back to the first stage of research and
development.

Stage III (1990 and beyond)

Now that there have been major investments in technology and the process
of building data bases has begun, there is an opportunity to regain a sense of
purpose. Infrastructure is different from information systems: the emphasis is
shifting once again from information technology to information and its use in
society. As the technology becomes commonplace (shown by the use of terms
such as appliance), the emphasis on the simple query tools will diminish.
Information will become part of the background as communicating and extracting
knowledge become increasingly important.

The period we are gradually moving into will be dominated by integration
and applications. The focus will be on linking data bases into distributed spatial
information networks and on developing application software and decision-
support tools to more effectively exploit the available information. What has been
perceived as having commercial value in the information industry will change
with the diffusion of value-added products and services. Social issues such as
rights of privacy and access, which have mostly been given lip service, will
require real solutions. New institutional arrangements, alluded to in Stage I and
largely dismissed in Stage II, will finally begin to emerge. Driving this
movement will be a renewed concern about the effective development and
management of our land and marine resources and the relation to the larger
environmental agenda.

CONCEPT

We are beginning to see coordination, linkages, and information "flows"
that are made possible by the application-neutral character of digital spatial data
and by the power of the computers and networks used to process and distribute
the data. There has been a technological
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revolution, but the institutional evolution required for us as a nation to take
advantage of it has not yet occurred. The balance of this report will examine this
discrepancy in detail to effect what we will argue is much-needed change.

In summary, the National Spatial Data Infrastructure is the means to
assemble geographic information that describes the arrangement and attributes
of features and phenomena on the Earth. The infrastructure includes the
materials, technology, and people necessary to acquire, process, store, and
distribute such information to meet a wide variety of needs.

Figure 3.1
NSDI building blocks.
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Although spatial data are necessary for a spatial data infrastructure, they are
not sufficient. Of equal importance are the individuals, institutions, and
technological and value systems that make it a functional entity, one that serves
as a basis for much of the business of a nation.

It should also be made clear that the word national, as used in NSDI, does
not refer exclusively either to the federal government or to data coverages for the
whole country. The MSC uses the term as applicable to the needs of the nation as a
whole, in the interests of the public and private sector organizations, and
individuals nationwide who provide the financial resources to support it.

Finally, we must emphasize that there is a national spatial data infrastructure
in existence. It is an ad hoc affair because, until very recently, no one has
conceived of it or defined it as a coherent entity, and indeed it has not been very
coherent or coordinated. It is not the task of the MSC (or of anyone else for that
matter) to create a national spatial data infrastructure. We want merely to point
out its existence, identify its components and characteristics, assess the efficiency
and effectiveness with which it functions to meet national needs (particularly at
the federal level), and make recommendations that might make it more useful,
more economical, more effective, better-coordinated, and robust. Several
investigators have shown that investments in using GIS are normally repaid by
the long-term benefits and that greater efficiencies are realized (Brown, 1990;
Gillespie, 1992). In addition, there could be a significant reduction in the cost of
operation of GIS if existing data were shared, thus reducing duplication of efforts
of data collection.

Information flow, particularly in the spatial data infrastructure, should be
seen as critical to the maintenance of a competitive position for the United States
in an increasingly international economic arena. The concept of a spatial
information infrastructure has recently been addressed in a number of countries,
including Australia, Canada, New Zealand, and the United Kingdom (Newton et
al., 1992; Rhind, 1992).

Once the national spatial data infrastructure is recognized, its functions and
malfunctions can be examined in detail. The MSC found two major categories of
obstacles to efficiency and change. First, there are serious impediments to
coordination and efficiency. Traditional arrangements for creating,
disseminating, using, and paying for maps do not necessarily work in the spatial
data era. Consequently, failure to recognize information creation and distribution
as legitimate parts of the mission of federal agencies often creates enormous
waste for the nation's taxpayers.
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Second, there is no system of incentives to direct funding and capability, both
public and private sector, in the direction of more coordination and greater
efficiency. The creation of incentive systems will, among other things, make it
attractive and perhaps even essential for the public and private sectors to work
together in the spatial data infrastructure to a degree undreamed of in the past.
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4

CURRENT SITUATION

It is important to conceptualize the NSDI in the broad sense of our
definition. However, when the committee received briefings from various
agencies and studied the documentation provided, an important area of
opportunity concerned data. The issues concerning the reange of spatial data are
complex and hence we offer no panaceas, but we have attempted to discuss some
of the impediments and improvements to using and sharing data in the NSDI.

The data in the NSDI exist in diverse forms and reside in the analog and
digital spatial data bases of various federal, state, local, and private agencies.
Parts of these data exist as hard copy maps and charts created and periodically
updated to meet a defined need. Other parts are stored as reports and studies that
summarize the spatial data standards, needs, uses, and controls of the federal,
state, local, and private sectors. Improvements can be made in the underlying
structure, procedures, and standards that would allow for easy exchange of these
data.

It is important to note that data sharing has occurred. When needed data
were found to be unavailable, an organization or agency would set about
collecting them. If all or part of the needed data were available from another
agency, a data exchange was often set up. When agencies found they were
responsible for data collection over the same areas, coproducer agreements were
set up where feasible. However, most data collection overlaps were resolved by
each agency collecting its own data over the same area, ostensibly to meet needed
accuracy and currency requirements. The justifications for this duplication in data
collection usually fell into three categories: (1) it would be too expensive to
collect the level of data needed by one agency to satisfy the needs of a second;
(2) the accuracy or
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level of aggregation required by the first agency could not be achieved by the
data collection capabilities of the second agency; and (3) the data could not be
collected in the time frame required by the other agency.

With the advent of GIS, an extremely versatile, efficient tool has become
available for manipulating spatial data. The diverse types of GIS applications
have driven the need for more timely and accurate spatial data, particularly in
digital form. This also has created the need data base products that are adapatable
to rapidly changing user needs.

As federal agencies discovered the value of using GIS for storing and
manipulating spatial data, budgets were constructed to purchase such equipment
and to collect the needed data in digital form. Early efforts resulted in a myriad of
data formats, standards, and processing algorithms. In effect, each federal agency
repeated what it had done with paper products, only in digital form.

The cost (in staff hours) of collecting spatial data in digital form is projected
to be half the cost of collecting data by manual methods for the generation of
individual products (DMA, 1991). Once collected, though, the value of such
digital data increases manyfold. The ability to extract subsets, generalize, and thin
the data; increase its densification; or merge (fuse) it with other spatial data has
created such exciting applications as emergency response (911) location systems,
integrated land use/transportation planning models, battlefield management
systems, crop rotation forecasts, and environmental impact assessments.

MAJOR ISSUES

While reviewing the spatial data activities of several federal agencies, the
MSC recognized a number of general issues and impediments that need to be
resolved to build a more robust NSDI.

ISSUE 1: There is no agreed-upon national vision of the NSDI nor is there
an apparatus to implement it. Consequently, there is no national policy covering
spatial data nor is there a national organization or agency with the charter,
authority, and vision to provide leadership of the nation's spatial data collection,
use, and exchange.

Each federal agency with a responsibility for collecting spatial data traces
this responsibility to the fulfillment of its primary mission. For example, the
spatial data collected by the USGS satisfy its requirement to
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produce specific products from the collected data. Agencies must focus their
funding toward satisfying their primary mission and mandates, and few, if any,
resources are left to support government-wide spatial data oversight activities. In
fact, the current cooperative efforts between agencies are more a result of
bilateral agreements for data exchange than a concern for a healthy NSDI.

The Federal Geographic Data Committee (FGDC) was established by
revised OMB Circular A-16 as an interagency coordinating committee on
geographic data matters. However, the present direction and organization of the
FGDC have problems that inhibit its effectiveness. The FGDC has no charter to
review the spatial data programs of its members and no power to enforce
decisions. Because there is always some resistance to change, even FGDC
recommendations on spatial data content and format take time to implement. The
federal agency members of the FGDC steering committee have varied interest and
involvement in collecting and applying spatial data. Some, in fact, seem to have a
vested interest in maintaining the status quo. Finally, the agency representatives
are not detailed to the FGDC as their primary mission, and their job commitments
remain with their representative agencies, not with the FGDC.

ISSUE 2: Because of the lack of central oversight, there appears to be
extensive overlap and duplication in spatial data collection at the federal level.
Overlap in data collection also appears to occur between federal and state
agencies, and among state, local, and private sector organizations, all at a
significant cost to the public. These institutions are collecting spatial data at
many scales, levels of accuracy, levels of detail, and categories of data, making 
the sharing of spatial data very difficult (if not impossible).

As shown in Table 4.1, many federal agencies are responsible for collecting
spatial data of the same type over the same areas of the country. In the area of
wetlands data collection (see Chapter 6 and Appendix A), for example, overlap
of data collection is significant.

Additional redundancies in data collection result from the diversity of
definitions used for various classes of data. For instance, the Soil Conservation
Service (SCS) and the Agricultural Stabilization and Conservation Service
(ASCS), using the National Resource Inventory (NRI), collect resource data on a
sample basis for all non-federal lands. The Bureau of Land Management (BLM)
and the U.S. Forest Service (USFS) collect similar data for the land under their
jurisdictions. The Environmen
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tal Protection Agency (EPA) has proposed to collect a nationwide sample of
environmental conditions. All these agencies and programs use different primary
sampling units and slightly different types of data. Data delineating wetlands are
being collected by the Fish and Wildlife Service (FWS), the EPA, the SCS, the
USFS, the National Oceanic and Atmospheric Administration (NOAA), the
USGS, and many state agencies. However, there is still no uniform approach to
the definitions and mapping conventions among these programs.

As mentioned, the primary data collection role of most federal agencies is to
supply data products to meet their own missions and mandates. These agencies
create products of differing scale and content and use different collection
techniques and source materials. Often, such data are incompatible with similar
data collected for other products without algorithms to thin, match, feather,
generalize, densify, remensurate, rescale, or aggregate data categories. This
problem is further complicated by the variances in the underlying base data,
non-standard feature identifiers, and GIS hardware and software used to store and
manipulate the data.

ISSUE 3: There are no current mechanisms that allow identification of what
spatial data have been collected, where the data are stored, who controls the
access to the data, the content of the data, and the data coverage (e.g., scale, data
density).

Each federal agency controls its own spatial data as do state and local
governments and private sector organizations. Some agencies, such as the USGS
and the Bureau of the Census, have well-publicized mechanisms for obtaining
their data products. Others, such as the EPA, make their data available to
qualified users through an on-line system. Some agencies have yet to institute any
type of formal mechanism for distributing their data. These data often can be
obtained only by dealing with the person who controls the data within a specific
agency. In summary, there is no single system that provides a catalog or directory
of the spatial data holdings of all federal agencies. In January 1993, the Federal
Geographic Data Committee printed a Manual of Federal Geographic Data
Products, which represents a positive first step in the compiling the various
federal spatial data holdings.

Even if a comprehensive spatial data catalog could be developed for the
federal agencies, the extension of such a system to state and local government
holdings would be very difficult because to its potential size.
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Extension to the private sector might further complicate the process by
introducing proprietary restrictions.

There is technology available to provide a distributed, on-line system that
provides access to spatial data catalogs at various organizations. One such system
is a public-domain software program, Wide Area Information Servers (WAIS).
WAIS, which runs on the Internet network, provides the capability to scan,
search, and often access existing data bases. WAIS could be easily expanded to
encompass spatial data catalogs. (See Chapter 8 for additional information on
WAIS and spatial data catalogs.)

ISSUE 4: Although a Federal Information Processing Standard (FIPS) for
spatial data transfer has been approved, profiles for implementing this standard
for the exchange of spatial data between federal agencies have yet to be
developed. Moreover, standard activities need to be expanded beyond transfer
standards to include more specific measures and standards of content, quality,
currency, and performance of various components of the NSDI. As a corollary,
there is no agreed-upon representation of ''base data" for small-, medium-, and
large-scale spatial data products.

There is general agreement that spatial data exchange standards are a federal
responsibility. However, there is a plethora of standards already identified for the
exchange of spatial data. Most of these concern special data exchanges between a
data producer and its user community or between GIS software systems. Other
exchange standards are in the form of specifically defined products such as
TIGER/Line, Digital Chart of the World (DCW), Digital Terrain Elevation Data
(DTED), Digital Feature Analysis Data (DFAD), or Digital Line Graphs (DLGs).
These files of specific spatial data have a particular format that the sending and
receiving organizations have agreed to use for data exchange. These product
formats, however, are not robust enough to support the ad hoc exchange of
digital data.

The Spatial Data Transfer Standard (SDTS; FIPS-173) is an attempt by
federal agencies, under the sponsorship of the FGDC, to develop a general family
of exchange standards for civilian geographic data. The SDTS should serve as the
umbrella for more specific "federal profile" standards, such as DIGEST, VPF, and
TIGER.

With regard to base data, they should include, at a minimum, those spatial
and primary attribute data that can identify all relevant information for a
particular scale product. The base data must meet relevant positional accuracy
and unique identifier requirements for inclusion of value-added
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data from other organizations. Table 4.2 includes a typical set of base data that
are representative for three scale ranges.

Instead of a single base of data, the agencies are using multiple bases that are
often incompatible. Some agencies are using the Bureau of the Census' TIGER/
Line files as their base, whereas others are using the USGS 1:24,000
quadrangles. Although TIGER contains street names, the DLGs do not.
Therefore, it is difficult to transfer TIGER attributes to the more geographically
accurate DLGs. Other agencies such as the EPA and the SCS's NRI are using
unique sampling units on separate base data at varying scales. Some data
collection efforts such as the proposed digital orthophoto program (SCS, ASCS,
and USGS) and the Digital Chart of the World [produced by the Defense
Mapping Agency (DMA)] collect data to still different base scales and
accuracies. These two products could become the base data standards of reference
in the future for large-and small-scale products that would complement the USGS
1:24,000 (medium scale) DLG products, which have become the de facto
medium-scale standard.

ISSUE 5: There are major impediments to, and few workable incentives for,
the sharing of spatial data among the federal, state, and local organizations.

All federal agencies recognize the large expense involved in collecting
spatial data in digital form. However, there are no real incentives (in fact there are
oftentimes disincentives) to the sharing of these data. To share data, the federal
agencies would have to agree in advance on the uses, types, and formats of the
collected data. This would require one agency to collect, at its expense, more data
than it required to satisfy another agency's needs. At the same time, the agency
would become dependent on other agencies to collect data with the needed rigor,
accuracy, and urgency. If such agreements could be arranged, one or both
agencies might lose personnel and funding as a result of the savings in spatial
data collection.

Collection of spatial data for sale to the general public has its own set of
disincentives. If state, local, or private organizations are willing to pay for the
data, the payments often go to the general U.S. Treasury and are not returned to
the agency that dedicated resources to collect and distribute the data to the buyer.
The USGS is one of the few agencies that are allowed to collect proceeds from
map and data sales and directly reimburse the relevant programs. Without a way
to be directly reimbursed for the

CURRENT SITUATION 25

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

,
an

d 
so

m
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Toward a Coordinated Spatial Data Infrastructure for the Nation 
http://www.nap.edu/catalog/2105.html

http://www.nap.edu/catalog/2105.html


T
A

B
L

E
 4

.2
. E

xa
m

pl
es

 o
f 

B
as

e 
D

at
a

L
E

V
E

L
 I

L
E

V
E

L
 I

I
L

E
V

E
L

 I
II

L
E

V
E

L
 I

V
A

C
C

U
R

A
C

Y
R

an
ge

1:
50

0 
to

 1
:1

0,
00

0 
m

ap
;

C
la

ss
 A

 N
M

A
S

1:
10

,0
00

 to
 1

:1
00

,0
00

 m
ap

;
C

la
ss

 A
 N

M
A

S
1:

10
0,

00
0 

to
 1

:5
00

,0
00

 m
ap

;
C

la
ss

 A
 N

M
A

S
1:

50
0,

00
0 

an
d 

sm
al

le
r;

 D
ig

it
al

C
ha

rt
 o

f 
th

e 
W

or
ld

 (
D

C
W

)
N

om
in

al
 s

ca
le

1:
5,

00
0 

—
 C

en
te

r 
li

ne
 w

it
h

fe
at

ur
e 

di
m

en
si

on
1:

24
,0

00
 —

 C
en

te
r 

li
ne

 w
it

h
fe

at
ur

e 
di

m
en

si
on

1:
25

0,
00

0 
—

 C
en

te
r 

li
ne

 w
it

h
fe

at
ur

e 
di

m
en

si
on

1:
1,

00
0,

00
0 

—
 D

C
W

C
O

N
T

E
N

T
E

le
va

ti
on

0.
5 

to
 2

 m
et

er
s

2 
to

 2
0 

m
et

er
s

20
 to

 4
0 

m
et

er
s

—
 —

O
rt

ho
ph

ot
o

0.
2 

to
 2

.0
 m

et
er

 G
R

D
1 

to
 1

0 
m

et
er

 G
R

D
10

 to
 7

0 
m

et
er

 G
R

D
—

 —
T

ra
ns

po
rt

at
io

na
A

s 
sh

ow
n 

on
 1

:5
,0

00
A

s 
sh

ow
n 

on
 1

:2
4,

00
0

A
s 

sh
ow

n 
on

 1
:2

50
,0

00
D

C
W

 S
pe

ci
fi

ca
ti

on
s

O
th

er
 c

ul
tu

re
A

s 
sh

ow
n 

on
 1

:5
,0

00
A

s 
sh

ow
n 

on
 1

:2
4,

00
0

A
s 

sh
ow

n 
on

 1
:2

50
,0

00
D

C
W

 S
pe

ci
fi

ca
ti

on
s

S
oi

ls
A

s 
sh

ow
n 

on
 1

:5
,0

00
A

s 
sh

ow
n 

on
 1

:2
4,

00
0

A
s 

sh
ow

n 
on

 1
:2

50
,0

00
D

C
W

 S
pe

ci
fi

ca
ti

on
s

V
eg

et
at

io
n

A
s 

sh
ow

n 
on

 1
:5

,0
00

A
s 

sh
ow

n 
on

 1
:2

4,
00

0
A

s 
sh

ow
n 

on
 1

:2
50

,0
00

D
C

W
 S

pe
ci

fi
ca

ti
on

s
N

am
es

A
s 

sh
ow

n 
on

 1
:5

,0
00

A
s 

sh
ow

n 
on

 1
:2

4,
00

0
A

s 
sh

ow
n 

on
 1

:2
50

,0
00

D
C

W
 S

pe
ci

fi
ca

ti
on

s
P

ol
iti

ca
l B

ou
nd

ar
ie

s
A

s 
sh

ow
n 

on
 1

:5
,0

00
A

s 
sh

ow
n 

on
 1

:2
4,

00
0

A
s 

sh
ow

n 
on

 1
:2

50
,0

00
D

C
W

 S
pe

ci
fi

ca
tio

ns
H

yd
ro

lo
gy

A
s 

sh
ow

n 
on

 1
:5

,0
00

A
s 

sh
ow

n 
on

 1
:2

4,
00

0
A

s 
sh

ow
n 

on
 1

:2
50

,0
00

D
C

W
 S

pe
ci

fi
ca

ti
on

s
T

op
ol

og
y

Y
es

Y
es

Y
es

Y
es

P
L

S
S

Y
es

Y
es

N
o

N
o

G
eo

de
ti

c 
co

nt
ro

lb
A

ll
 f

ir
st

 a
nd

 s
ec

on
d 

or
de

r
co

nt
ro

l p
oi

nt
s,

 w
it

h
de

sc
ri

pt
io

ns

S
pa

ti
al

ly
 d

is
tr

ib
ut

ed
re

pr
es

en
ta

ti
ve

 p
oi

nt
s

S
pa

ti
al

ly
 d

is
tr

ib
ut

ed
re

pr
es

en
ta

ti
ve

 p
oi

nt
s

S
pa

ti
al

ly
 d

is
tr

ib
ut

ed
re

pr
es

en
ta

ti
ve

 p
oi

nt
s

a  
T

ra
ns

po
rt

at
io

n 
se

rv
es

 a
s 

a 
ge

om
et

ri
c 

su
pp

le
m

en
ta

ry
 f

ra
m

ew
or

k.
b  

G
eo

de
ti

c 
co

nt
ro

l i
s 

in
cl

ud
ed

 to
 th

e 
hi

gh
es

t k
no

w
n 

ac
cu

ra
cy

.

CURRENT SITUATION 26

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

,
an

d 
so

m
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Toward a Coordinated Spatial Data Infrastructure for the Nation 
http://www.nap.edu/catalog/2105.html

http://www.nap.edu/catalog/2105.html


resources spent, federal agencies are reluctant to collect spatial data for
others.

Even when joint memoranda of agreements are signed between federal
agencies, it is usually for equal exchanges of effort. Data collected by one agency
in one part of the United States are given to a second in exchange for equivalent
data collected elsewhere. Examples of this type of joint data collection include
the proposed USGS/ASCS/SCS orthophoto program and the use of USGS
1:24,000 quadrangles by many agencies as the base for their products. Other
examples, such as the seemingly redundant resource mapping done by the SCS,
the National Agricultural Statistical Service (NASS), the USFS, and the EPA's
proposed Environmental Monitoring and Assessment Program (EMAP), show a
distinct proclivity for not sharing data, sometimes even within the same
department. At a minimum, coordination of sampling activities should occur
within and between federal agencies.

FEDERAL AGENCY ACTIVITIES

The major issues reflect problems that the federal agencies are experiencing
with the use of spatial data. Although customer demands for spatial data have
increased dramatically and GIS technology has kept pace, the federal "suppliers"
of spatial data have had significant difficulty converting their hardcopy
production process to flexible production systems capable of supplying spatial
data in both digital and printed form.

A review of current federal agency activities (see Table 4.3) illustrates the
magnitude of these problems. In general, each agency is trying to overcome the
problems within the confines of its own charter, thus erecting additional
impediments to establishing a robust NSDI. Most federal agencies are also
concentrating on supplying spatial data in forms that match defined hardcopy
products rather than in forms that lend themselves to easy manipulation by
commercial GIS packages. In this regard, the federal agencies have not had
incentives to meet their evolving mission as suppliers of spatial data to their
customers.

The MSC paid special attention to federal agencies with major spatial data
collection efforts: the Bureau of the Census, the BLM, the DMA, the USFS, the
FWS, the SCS, and the USGS. The EPA is discussed because it is one of the
largest federal users of spatial data. These agencies will be
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discussed in the light of their responsibilities to meet OMB revised Circular
A-16.

Office of Management and Budget

The OMB has executive oversight responsibility for the budgets of all
federal agencies and for establishing policies and procedures for federal agency
GIS activities. Part of this oversight includes the review and approval of all large
expenditures for spatial data systems. The OMB issued Circular A-16 in 1953
(revised in 1967 and, most recently, in 1990) to facilitate coordination of federal
mapping activities. In 1983, an OMB memorandum established the Federal
Interagency Coordinating Committee on Digital Cartography (FICCDC) to assist
in coordinating data sharing across federal agencies. The FICCDC found many
obstacles that prevented data sharing between government agencies and the
private sector; barriers were of a technical, institutional, and legal nature. The
FICCDC cooperated in developing and publishing the first draft of the SDTS to
help mitigate these problems.

One recent concern of the OMB has been the shifting of the nation's map
base to electronic media. In 1988, the OMB recognized the need to look for
opportunities to share data, standards, and development efforts among the federal
agencies. Such sharing should substantially reduce overall costs to the U.S.
government.

However, the expected costs continue to rise for developing, implementing,
and operating systems to convert existing map graphics from paper or other stable
base to electronic form. The results of the OMB Bulletin 88-11 survey in 1988
showed that the estimated costs for "electronic mapping" of the civilian side of
the federal government exceeded $100 million for FY1988 and would top $200
million by FY1992. (Briefings by the federal agencies to the MSC indicate that
the estimates for current federal mapping initiatives are much greater—by at least
a factor of two—than indicated by the 1988 OMB Bulletin.)

The civilian agencies with the largest expenditures in spatial data activities
are the EPA, the Bureau of the Census, the BLM, the SCS, the USFS, and the
USGS. The EPA indicated that their FY1992 investment in spatial data was
around $500 million; the SCS reported that their expenditures were around $220
million. (Both the EPA and the SCS alone exceed the 1988 OMB estimate;
however, caution needs to be applied to what is included in these estimates.) In
other agencies the MSC found that
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modernization efforts accounted for 75 percent of their estimated mapping-related
expenditures.

OMB is especially interested in cost savings and return on investment. In
particular, new development efforts must show short-term, quantifiable payoffs
from investments. Most important are Class I savings, which show direct payoffs
for the investment. Cost avoidance approaches (Class II) are also good, but not as
meaningful as the direct savings of Class I. Class III savings, the improvement of
goods and services for the public sector, are also saleable. [An example of a Class
III savings would be the new Federal Aviation Administration (FAA) system that
would make flying safer.]

Applying cost savings approaches for spatial data initiatives includes (1) use
of standards for storage and transmission of spatial data (such as the SDTS), (2)
maximizing the use of existing data bases and encoding schemes, (3) developing
excellent benefit-cost ratios for any new GIS or spatial data initiative, and (4)
sharing of spatial data collection and new technology developments among
federal agencies.

OMB Circular A-16 was revised in 1990 to encourage data sharing among
federal agencies. However, no real incentives are in place to ensure that such data
sharing occurs.

Federal Geographic Data Committee

The FGDC was established in October 1990 by revised OMB Circular
A-16. The FGDC is responsible for promoting and coordinating the
development, use, sharing, and dissemination of GIS data throughout the
government. The revised circular established the FGDC as replacing the
FICCDC. It also empowered the FGDC to promote the coordinated use and
development of mapping, surveying, and other spatial data.

OMB Circular A-16 specifically states that the FGDC:
"• supports surveying and mapping activities, aids geographic information

use, and assists land managers, technical support organizations, and other users in
meeting their program objectives through;

"• promoting the development, maintenance, and management of distributed
data systems that are national in scope for surveying, mapping, and related
spatial data;

"• encouraging the development and implementation of standards, exchange
formats, specifications, procedures, and guidelines;

"• promoting technology development, transfer, and exchange;
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"• promoting interaction with other existing federal coordinating activities
that have interest in the generation, collection, use, and transfer of spatial data;

"• publishing periodic technical and management articles and reports;
"• performing special studies and providing special reports and briefings to

OMB on major initiatives to facilitate understanding of the relationship of spatial
data technologies with agency programs; and

"• ensuring that activities related to Circular A-16 support national security,
national defense, and emergency preparedness programs."

The revised OMB Circular A-16 assigned responsibilities to numerous
agencies for various FGDC roles. The USGS was identified as the lead agency
for the FGDC. Ten subcommittees were established, each responsible for
coordinating activities for a category of spatial data. There are also three working
groups (standards, technology, and state and local liaison) that deal with issues
common to all spatial data categories. Table 4.4 shows the federal agencies with
lead coordination responsibility for the major data categories.

The FGDC (1991) in its report to the OMB refers to a National Geographic
Data System (NGDS) as a system of independently held and maintained federal
digital geographic data bases. The NGDS would encompass the National Digital
Cartographic Data Base (NDCDB) of the USGS plus other spatial data bases that
are national in scope. The NGDS would include traditional cartographic data as
well as thematic data, such as soils, wetlands, geology, vegetation, and
demographic data. The NGDS would be an important component of the NSDI.

To ensure proper populating and use of the NGDS, standards must also be
developed for each spatial data layer. Some standards (coordinate systems, code
sets, and geographic names) already exist. Standards for many other segments or
layers of the NGDS must be developed. Lineage, positional accuracy, attribute
accuracy, logical consistency, and completeness (all parts of data quality) are
needed to ensure data integrity.

Other Federal Agencies

A number of federal agencies have extensive, ongoing, spatial data
collection programs, as shown in Tables 4.1, 4.3, and 4.4. At least eight of these
—the Bureau of the Census, the BLM, the DMA, the EPA, the FWS, the SCS, the
USFS, and the USGS—have national data collections
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efforts, which suggest the possibility of data sharing with others. Several of the
major programs are briefly described below.

TABLE 4.4 Geographic Data Coordination Responsibilities Assigned by OMB
Revised Circular A-16
Geographic Data Category Lead Agency
Base cartographic U.S. Geological Survey, Department of

the Interior
Bathymetric National Oceanic and Atmospheric

Administration (NOAA), Department of
Commerce

Cadastral Bureau of Land Management, Department
of the Interior

Cultural and demographic Bureau of the Census, Department of
Commerce

Geodetic National Geodetic Survey, NOAA,
Department of Commerce

Geologic U.S. Geological Survey, Department of
the Interior

Ground transportation Federal Highway Administration,
Department of Transportation

Portrayal of certain international
boundaries

Office of the Geographer, Department of
boundaries State

Soils Soil Conservation Service, Department of
Agriculture

Vegetation Forest Service, Department of Agriculture
Wetlands Fish and Wildlife Service, Department of

the Interior

Bureau of the Census

The Bureau of the Census has produced over 1 million different map sheets
to support its collection and customer use of census data. However, maps and
charts are a supporting activity, not their primary product. The
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Bureau of the Census traditionally used three major tools for conducting a
census: maps (to tell census takers where they are), address reference files, and
geographic reference files. The address reference files are used to match census
questionnaires to locations, and the geographic reference files serve as a control
inventory of over 7 million census statistical zones.

In 1982 the Geography Division of the Bureau of the Census began
developing the Topologically Integrated Geographic Encoding and Referencing
(TIGER) System to serve as a single data base incorporating the above three tools
for the 1990 decennial census. The TIGER files implemented a new data structure
to capture every known street and road in the United States, the name (or names)
of each, ranges of address numbers, all the railroads and significant hydrographic
features, named landmarks, and other named geographic locations. This
information was needed to administer and tabulate the 1990 decennial census of
population and housing of the United States and will be used in all future
censuses.

The TIGER data base is composed of data from three sources. Scanned
1:100,000 maps from the USGS form the base of 98% of the country. GBF/DIME
(geographic base file/dual independent map encoding) files from the 1980 census
were used for major metropolitan areas. Data digitized by commercial contractors
were used to fill in between the 1:100,000 maps and the DIME files. These data
were integrated horizontally and vertically and cut on county boundaries.

The current TIGER files contain the latitude and longitude coordinates of
more than 42 million linear features (roads, railroads, water features, and
landmarks), address ranges, and political and statistical boundaries. Omitted from
the TIGER files are contours, public land survey information, rural route address
ranges, and accuracy data. That means the TIGER files must be augmented for
most other GIS applications.

TIGER files form one of the most important data sources for states, cities,
counties, and utility companies. With proper processing, it may be possible to
match these files to USGS terrain data and digitized 1:24,000 quad sheets (as they
become available) and eventually to 1:12,000 digital orthophotography to provide
very accurate data for all GIS systems. Additional aspects of TIGER appear in the
Street Centerline section of Chapter 5.

Some private companies sell improved versions of TIGER; others are using
TIGER files as the base for special studies. This usually has been done by
converting TIGER files into various layers of data for input to a full-function GIS
and then adding data attributes as needed. Some attempts
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to use TIGER files, such as Bell South's 911 emergency address data base
system, were not successful and other sources are being developed. The fact that
this $300 million investment in TIGER could not meet these requirements is an
indication of the possible need for better coordination.

The Bureau of the Census and the USGS have recently undertaken a project
to convert TIGER files to the SDTS format. The initial results demonstrate that
TIGER content can be expressed in the SDTS format, but it remains to be seen
whether the SDTS format is preferable to current TIGER file format for data
exchange.

The major problem with TIGER files is keeping the data up to date. The
Bureau of the Census' charter includes an update every 10 years but not a
continual update cycle. The broad use of TIGER in both the public and private
sectors underscores the importance of an up-to-date TIGER system. The Bureau
of the Census is investigating the establishment of various maintenance
agreements with the states so that TIGER data can be updated more frequently.

Bureau of Land Management

The BLM administers 272 million acres of public lands primarily in the
western United States and Alaska. In addition to the surface the BLM is
responsible for the subsurface for an additional 300 million acres of public lands
in which the federal government has retained the minerals interest (includes lands
under Forest Service jurisdiction, wildlife refuges, and military reservations). The
basic mission of the BLM includes three primary responsibilities: (1) the public
land survey system (PLSS); (2) maintenance of land and minerals records,
including title transfer from federal to state and private ownership and all the land
records of land that the BLM currently administers; and (3) natural resource
management for multiple use. This mission has led the BLM to invest in a variety
of land and geographic information systems. The BLM has been designated the
lead agency for the cadastral subcommittee of the FGDC.

The BLM is a decentralized organization, with headquarters and 12 state
(often regional) offices. Within the state offices, there are district offices and
resource area offices. Most of the daily activities and processing take place at the
resource area offices. As a result of the historical land activities, much of the land
is in a checkerboard pattern, with BLM land interspersed with state and private
lands; this has resulted in the need for
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close working relationships with state and local jurisdictions, particularly in
sharing digital data.

There are specific types of information, for example, the PLSS (the
geographic coordinate data base) and the Automated Land and Minerals Record
System (ALMRS), that are critical to the BLM that also have other users. Data
layers important to the BLM include transportation, meteorology, demographics,
geology, soils, and a variety of layers that are specific to given land management
agencies depending on the particular local needs.

Defense Mapping Agency

The primary mission of the DMA is to provide mapping, charting, and
geodetic (MC&G) products and services in support of worldwide military
operations. This responsibility also includes military training activities and the
production of military specific products to support weapon and system command
and control requirements that cannot be fulfilled by civilian MC&G programs.
The DMA activities support worldwide statutory responsibilities such as the
production of flight information product (FLIP) charts, aids to navigation and
pilotage charts, and related public safety products. A significant percent of their
product coverage requirements are met with bilateral agreements through
coproduction with other U.S. federal agencies and foreign allies.

The DMA supports the use of the SDTS as a national digital data exchange
mechanism, but views the SDTS as an umbrella standard rather than one to be
used for exchanging data. Therefore, the DMA is working with the FGDC to
establish the DMA's Vector Product Format (VPF) as a federal profile for the
SDTS. The DMA is also supporting the Digital Geographic Information
Exchange Standard (DIGEST), an international standard that will be used for data
exchange among NATO nations. DIGEST accommodates object-oriented data
formats (in Appendix A of DIGEST) and relational data formats (VPF in
Appendix C of DIGEST). Therefore, a logical step in the standards process now
under investigation is to make profiles of the SDTS for both DIGEST formats.

The DMA recently completed a two-phase study that addressed its future
specifications and standards (DMA, 1991). The DMA concluded from the results
of this study that the trends in future Department of Defense systems were for
increased capability for merging (or ''fusing") multiple spatial data sets. This trend
is the result of supporting users who
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use diverse computer systems and need different digital products at various
scales. The manipulation of spatial data in GIS to meet these needs will be the
norm, not the exception.

FEDERAL PROFILES TO THE SDTS

The SDTS is an extremely complicated, detailed format for exchanging
spatial data. Because of its complexity and its general applicability to all
forms of spatial data, subsets have been proposed to meet specific data
exchange requirements of federal agencies. These limited subsets, usually
with a much more restricted set of data elements, are identified as federal
profiles of the SDTS. Federal profiles are currently proposed for the Bureau
of the Census's TIGER files and DMA's VPF and DIGEST.

The DMA completed the installation of its Digital Production System (DPS)
in early 1993. This very large spatial data extraction, processing, and production
system attempts to minimize the overlap of data collection within the
organization. All spatial data needed to satisfy DMA's mission will be stored
within a single set of DPS data bases. These data will then be used for producing
products at various scales and levels of detail to meet customer needs.

The major criticism of the DPS is its limited flexibility for fast response to
requests for new types of data. Because it was built as a production system, its
main focus is to produce standard products that meet defined accuracy, content,
and temporal requirements. It does not easily handle requests for ad hoc data and
tailored products that are anticipated in the future (this shortcoming is expected to
be resolved in the next few years as the DMA ramps-up its production on the
DPS).

The DMA maintains spatial data catalogs as hard copy showing the various
spatial data holdings, their accuracies and types of data, and their various scales.
These catalogs are planned to be put on-line within the next few years.

Although the DMA has expressed interest in supporting the NSDI, their
support will be tempered by their primary mission. The needs of the military
departments and other federal agencies for spatial data over foreign countries will
normally take priority. If the spatial data exchange standards can be
accommodated without undue expense, the DMA will likely be a proponent.
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Environmental Protection Agency

The EPA has been involved in a very large information integration initiative
since 1999. The EPA is currently investing more than $500 million per year in
assembling spatial data (usually collected by others) and disseminating the data.
Because of this, the EPA has become the largest government consumer of spatial
data in support of GIS applications. Although a member of the FGDC, the EPA is
not responsible for the production of any spatial data layer of the NGDS, but it
does have lead responsibility with the FGDC activity in state and local liaison.

Protecting the environment requires suitable geographic information. It
involves the understanding of the spatial relationships of human population
centers, natural resources, and sources of pollution. Early in the information
initiative, the EPA Office of Information Resources Management recognized the
powerful tools that GIS provides to help analyze these three classes of data.

In 1989, the EPA established the Geographic Resources Information and
Data System (GRIDS) as the agency's central repository for national spatial data
bases. GRIDS provides a query capability that ties together the spatial data bases
under the EPA's control. These include the Bureau of the Census TIGER files, the
USGS 1:100,000 DLG hydrography and transportation data, the DMA 1:250,000
Digital Elevation Model (DEM) data, the SCS data files, 1:2,500,000
hydrographic basin files, the FWS's National Wetlands Inventory, 1:2,000,000
political boundary files, 1:1,000,000 ecoregions files, the USGS Geographic
Names Information System (GNIS), and the Reach files for all U.S. rivers.
Requests for information not in these files are sent to the FGDC.

Integration of these data is needed for the EPA to recognize floodplain
hazards, wetlands pollution, surface, and ground-water quality problems,
potential unstable foundations, population proximity to environmental buffer
zones, and many other types of analyses. The integration of the separate data
bases has required the development of a number of standards. These standards are
expected to overcome the two major EPA barriers to data integration:
inconsistent interfaces and no common link between data bases.

A major objective of the EPA approach has been the potential capability of
overlaying various data sets. This capability, however, has been slow to
materialize. There currently are no standard "tie points" that allow data of
different scales and accuracies to be automatically rescaled,
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thinned or densified, and overlaid on each other with relative consistency. This
problem must be solved for the EPA data to be used to their potential.

Even with this problem, the EPA is assembling the most extensive
multiagency collection of nationwide spatial data. In doing so, it has developed
coordinating mechanisms with FGDC, the Bureau fo the Census, the USGS, the
Army Corps of Engineers (COE), the National Geodetic Survey, and the National
Institute of Standards and Technology (NIST). The EPA also has a data sharing
program with all states and Puerto Rico and a working relationship with the
National Center for Geographic Information and Analysis (NCGIA), sponsored
by the National Science Foundation (NSF).

The EPA is developing an ambitious program, EMAP, "to assess the
nationwide distribution of ecological resources and to assess trends in their
conditions. A unique aspect of the program is its reliance on probability-based
selection of sampling locations for both of those major goals" (BEST/WSTB,
1992). The MSC found that many aspects of the SCS's NRI, EMAP, and other
national statistical surveys appear to overlap and be duplicative; however,
because these surveys have each selected different probabilistic sampling
methodologies, sharing of data is often inhibited.

The goals of the state/EPA Data Management Program are twofold: to build
and maintain the infrastructure for data sharing with the state environmental
agencies (basically complete), and to integrate this data across multiple media and
programs. Because of the aformentioned problems, satisfaction of this second
goal may take some time.

Fish and Wildlife Service

The principal mapping activity of the FWS is involved with wetlands
mapping. The FWS is also responsible for coordinating the wetlands data layer of
the NGDS. (For additional information pertaining to the FWS see Chapter 6 and
Appendix A dealing with wetlands and spatial data.)

The flagship program in spatial data of the FWS is the National Wetlands
Inventory (NWI). The NWI was mandated by Congress and established in 1974
to standardize terminology and to inventory the nation's wetland habitats by 1998
(conterminous United States). The NWI has currently produced 20,000 wetlands
maps covering 60 percent of wetlands areas of the lower 48 states and 16 percent
of the Alaskan wetlands areas. The primary map product is the 1:24,000 scale
map that shows the location, shape, and characteristics of wetlands and
deepwater
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habitats. Approximately 3,200 of these maps are produced each year. At this rate
the FWS expects to complete the NWI for the contiguous 49 states by 1998. The
FWS maps use USGS 7 1/2-or 15-minute topographic maps as their base. Other
wetlands maps include 1:100,000 and 1:250,000 small-scale maps, and 1:62,500
or 1:63,360 large-scale maps.

The FWS considers their wetlands data collection to be cost effective and
does not want to duplicate data captured by others. However, this is not an easy
task. Various federal agencies are involved in wetlands data collection because of
their particular mandates and missions.

Wetlands data are supplied to about 50 user organizations by the FWS.
Among these, Ducks Unlimited had been paying the FWS to digitize wetlands
areas of special interests. The FWS was recently told by the Department of the
Interior (DOI) Inspector General (DOI, 1992) to stop this activity and to
concentrate on completing the NWI, because the digitization was not included in
the original congressional authorization of the NWI. This issue was resolved in
1992 as the NWI authorization was revised (P.L.102-440, §305); the FWS can
provide digital products of the NWI providing the requestor pays for 100% of the
associated digitizing costs. Because the NWI uses contractors, the flexibility
exists to add additional digitizing tasks without affecting the production schedule
for the typical NWI products. This limits automation to those that have access to
the needed funds for digitizing.

Although the FWS has been digitizing and exchanging digital data for many
years, they appear to have taken a more practical approach to exchange
standards. Their exchange formats are directly related to the systems they have in
house and to the formats of the data they receive from other agencies. Source data
sets are acquired from the USGS in the form of 7 1/2-minute quads in DLG-3
optional format, orthophoto quads, high-altitude photography, and Landsat and
SPOT imagery. The FWS wetlands inventory data are provided on magnetic tape
in multiple formats. (Additional discussion of data and information issues
concerning wetlands are in Chapter 6 and Appendix A.)

U.S. Forest Service

The USFS, like the BLM, is basically a land management agency
responsible for 191 million acres of public lands. The mission of the USFS (much
like the BLM's) emphasizes multiple use and sustained yield. The difference
between the roles of the USFS and the National Park Service is
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that the USFS is multiple land use whereas the National Park Service is usually
single use. Also like the BLM, the USFS is geographically dispersed, with 156
national forests and 653 ranger districts. The ranger districts are probably the
most important sites that use spatial data. Each district office administers from
150,000 to 500,000 acres and is responsible for virtually everything that occurs in
the district.

The USFS obtains its spatial data from in-house activities; other federal,
state, and local agencies using cooperative agreements and cost-sharing
arrangements; and private companies as a condition of permit or timber sale on
USFS lands.

The USFS produces digital spatial data from their base series maps and
orthophotography. These base maps use the USGS 1:24,000 base, modified to
include land ownership status, administrative boundaries, and transportation
networks (at a different definition of the USGS base). About 10,500 quadrangles
are required to cover the national forests. The USFS also produces a cartographic
feature file in digital form. This uses a simple format and includes coordinates of
map corners and point and line features; boundaries are represented as lines (not
polygons); the files are not topologically structured but include feature codes; and
the nodes are digitized. Although the cartographic feature files are less than
optimal for GIS application, it is what the USFS could afford to do; these files
can be converted into DLG format.

The USFS has been designated as lead agency for the vegetation
subcommittee of the FGDC.

Soil Conservation Service

The SCS within the U.S. Department of Agriculture (USDA) has as its
mission to help the states, cities, interest groups, and private citizens to better
manage land and water resources. Their charter includes soil surveys, snow
surveys, watershed studies, flood control, and conservation technical assistance to
landowners.

The SCS long ago realized the benefits of using a GIS for tracking and
manipulating spatial data. The SCS uses the public-domain, UNIX-based GRASS
system as their primary GIS, and the SCS has tailored interfaces for their
personnel.

Currently, the SCS spends about $220 million annually on mapping of soils
and other resource information over the United States. This breaks down to $130
million for conservation technical assistance mapping, which
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includes wetlands mapping (at 1:7,920 scale); $10 million for watershed and
subwatershed resource mapping, and $6 million for river basin mapping at
1:100,000 and 1:5,000,000 scales. The remaining $66 million is spent on soil
mapping at scales of 1:12,000 to 1:31,680. Soil surveys are a major SCS product,
published as printed reports and paper maps but now also becoming available as
digital data bases.

The SCS in conjunction with the ASCS and the USGS is proposing a
1:12,000 digital orthophotography program. If implemented, this would
considerably increase the store of digital data nationally and at a scale of
considerable use by local investigators.

The National Resources Inventory (NRI) is another major data product of
the SCS. The NRI contains soil characteristics and interpretations (slope, depth,
permeability, salinity, and acidity), land cover, land use, erosion, land treatment,
conservation treatment needs, and vegetative conditions. The NRI is used to
monitor trends in the status and condition of natural resources and to help
formulate state and national policy. Data are collected for the NRI by primary
sampling units (PSUs). There are approximately 300,000 PSUs over the United
States and data are collected by field units in over 1,000,000 points (three per
PSU). The point data are then summarized for statistical purposes and trend
analysis.

United States Geologic Survey

The USGS has the responsibility for the National Mapping Program for the
United States. This program includes the production of 1:24,000 scale (7 1/2-
minutes) quadrangle maps for the conterminous United States, Hawaii, and
Puerto Rico and 1:62,500 (15-minute) topographic quadrangle map coverage of
Alaska. In addition to this primary map series, the USGS also produces
intermediate and small scale map products at 1:50,000, 1:100,000 and 1:250,000
scale in both quadrangle and county formats.

Many of the spatial activities of the USGS have previously been reviewed by
the MSC. The report Spatial Data Needs: The Future of the National Mapping
Program (1990) reviewed user needs for the USGS spatial data products, and the
report Research and Development in the National Mapping Division, USGS:
Trends and Prospects (1991) evaluated the USGS's R&D program. We reaffirm
the conclusions and recommendations in these two reports and are encouraged by
USGS efforts to be responsive in implementing these recommendations.
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The USGS has assigned the National Mapping Division (NMD) with
responsibility for conducting the National Mapping Program. In 1990, they
completed the first version of the 1:24,000-scale map coverage for the
conterminous 48 states and Hawaii, and expect completion of the initial mapping
of Alaska by late 1992. Now that the initial hardcopy coverage of the United
States is basically complete, the NMD is focusing on ways to maintain the
currency, accuracy, and usefulness of their maps.

Many of the federal and state agencies rely on the 1:24,000 quadrangle map
series to form the base data upon which other information is referenced. The use
of the 1:24,000 quads by other federal and state agencies is one method for
reducing duplication of data collection activities. The NMD produces digital
spatial data in various formats in response to requests from a wide variety of
customer.

In 1987, the NMD undertook a new system development effort called Mark
II. This program is to implement advanced technologies and production
procedures to satisfy their requirements through the year 2000. The major aspect
of this program will be the population of the National Digital Cartographic Data
Base (NDCDB) with spatial data representing the content of the 1:24,000 primary
map series and other smaller scale series.

In 1991, the NMD changed the focus of the Mark II system development
effort to be more of an incremental "commercial off-the-shelf" (COTS)
procurement. This re-named Automated Cartographic System (ACS) marries
advanced technology developed for other federal cartographic systems with the
latest COTS hardware and software. The system is to encompass an open-ended
architecture so additional COTS developments may be added in the future. The
ACS will be used to support products for the proposed the SCS/ASCS/USGS
digital orthophotography program.

The USGS is attempting to accelerate the data collection effort for the
creation of the NDCDB. This is being done through data exchange with federal
and state agencies, and by contracting out some of the digitizing to private
companies. The USGS is working with the USFS for acquiring large amounts of
1:24,000 DLG data. Hypsographic data at 1:100,000 scale in digital form is also
being produced by the DMA in a cost-share agreement. Finally, both the USFS
and the BLM are developing DEM data to USGS standards under a work-share
agreement.

The USGS is also using GIS technology and spatial data analysis for water-
resource studies. There is currently a nationwide computer network
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of over 200 locations staffed with GIS users working on a variety of water-related
studies. The system has been used to work with groundwater models, define
drainage basins and river systems, assess runoff in urban areas, and examine
trends in water quality.

The National Water Quality Assessment (NAWQA) program also has a
major influence on USGS spatial data activities. Sixty NAWQA study units will
complement the normal 423 long-term water sampling stations to collect data for
water-quality studies. Spatial data will be used to classify lands and detect change
for tracing pesticides and trace metal concentrations in the environment, and for
hydrologic simulation models.

STATE AGENCIES

Spatial data activities typically occur in several agencies in each state. The
common agencies include the functions of natural resources, environmental
protection, agriculture, transportation, taxation/assessment, emergency
management, and planning and community development.

Some state-level spatial data are collected and used at the scale of 1:24,000,
and some agencies or programs require larger or smaller scale data. Spatial data
are used for environmental applications, though each state's transportation agency
has specific requirements related to the road and other transport systems. Large
scale maps are also used in the assessment of land values and taxation in a
function that is frequently but not exclusively delegated to local governments.
There are also various other applications that make use of demographic and
economic data.

Current Situation

GIS technology is being implemented in many agencies in virtually every
state today (see Warnecke, 1992). The acquisition of spatial data is a very
significant percentage of the effort (and resources) for each GIS project. Most
state agencies have similar requirements for spatial data and therefore there is
significant potential for sharing of acquisition efforts and data. The USGS 1:
100,000 and 1:24,000 maps are the most common source for base data; the SCS
soil maps (1: 15,840) are also frequently used. Conversion of these maps to
digital form is therefore a focus for most of the state spatial data development
efforts. (Since the USGS also
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has a program underway to digitize their 1:24,000 maps, there is a strong
potential for data sharing with the states in this activity, see Chapter 8.)

Several states have passed or are developing legislation that affects spatial
data (see Table 4.5). In some cases the legislation creates or designates a
coordinating body. In others it provides access to funding for local governments
to modernize and implement land records (see North Carolina example in
Chapter 7). Also it creates requirements for spatial data to support a program or
regulation. In still others it affects the availability of spatial data developed by
state agencies.

Growth management, mining reclamation, redistricting, tax mapping,
transportation planning, traffic safety, hazardous materials, natural resources,
economic development, and land records modernization are key areas of spatial
data activity at the state and local levels.

In the past, most state spatial data activities have been for special programs,
often with federal funding and/or direction. However, this situation is beginning
to change. States are emerging as an important key player in the collection,
dissemination, and coordination of geographic and land information.

One of the major stumbling blocks to the collection of spatial data by state
agencies has been funding. To make matters worse, the federal government has
delegated more responsibilities to the states (and likewise, states to local
government) without matching funds in most cases. In spite of these problems,
more and more activity is occurring at state levels to collect and process spatial
data using GIS tools.

While much of the state level spatial data acquisition in the past was
performed on an individual agency basis, most states now have some level of
recognition of the need for sharing and cooperative efforts. Thirty-five or more
states have established some type of coordinating mechanism or lead agency for
GIS or spatial data. In some states that recognition is formalized by assignment
of a lead agency with statewide responsibility or by the formation of a GIS
coordinating committee. Some states have implemented legislation and some
have prepared or are preparing statewide plans for spatial data development,
maintenance, and use. In other states informal arrangements have been
established between and among pairs or groups of agencies. In some states,
however, cooperation suffers from interagency rivalries, incompatibility between
specifications or between systems, or lack of resources to establish coordination
mechanisms.

There is a growing awareness of the mutual benefit to be gained by
communication among states on this topic. Several meetings and surveys
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have been conducted in recent years in an attempt to improve the communication
among states. At the invitation of Georgia Governor Zell Miller, representatives
of 39 states met during the 1991 GIS/LIS meeting in Atlanta. The meeting
resulted in the formation of the National States Geographic Information Council
to address coordination and common issues within the states. One of the most
repeated themes at this meeting is that the federal agencies need to work together
more effectively to form stronger spatial data partnerships with the states.

Federal Relationships

Some state programs involve direct cooperation or coordination with related
federal agencies and programs. Some others are operated in response to federal
requirements for transportation, environmental protection, or other functions.

Where state programs are funded by or are performed in conjunction with a
federal program, some level of state-federal cooperation exists. The level of
cooperation varies from establishment of standards and sharing arrangements to
cooperative efforts for digitizing the USGS quad sheets. Federal reporting
requirements affect some state spatial data activities. Both the DOT and the EPA
have had an important effect in this area. Many forms of environmental control
and regulation emanating from the federal government require the development
and use of spatial data, sometimes to federal specifications and others merely to
meet federal reporting requirements. In some states specific programs such as the
selection of nuclear waste disposal sites (e.g., Pennsylvania) and determination of
oil revenues (e.g., Alaska) have been guided by federal programs or regulations.
Furthermore, the Bureau of Census' TIGER data forms the legal basis for the
most recent redistricting process.

The National Geodetic Survey (NGS) operates a state advisory program in
26 states. The NGS state advisor provides technical assistance and stimulus for
improved spatial data activities.

Western states have developed special relationships with federal land
management agencies that do have limited activities in the east. In some of these
western states there is sharing of data between the state agencies and the BLM
and the USFS, though in other states these entities operate independent of each
other. In any case, all these relationships appear to be ad hoe and often narrowly
defined.
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Standards

There has been a great deal of interest and activity in the development of
data exchange standards. The current practical reality, however, is that only de
facto standards based on available data or formats of software-specific systems
are recognized in state and local governments. As a default choice, the USGS
DLG (1:100,000) and the Bureau of the Census TIGER formats are often used
because data are available at low cost and contain complete coverage of each
state.

Problems

Probably the most significant spatial data problem facing states today is a
lack of resources and a shortage of funding for data acquisition and management.
States often look to the federal government for assistance, particularly with regard
to spatial data required for federal mandates. In most cases, however, the federal
government is not able to provide the desired assistance.

Coordination of spatial data handling among state agencies has been a
chronic problem. Differing requirements, limited resources, and organizational
rivalries have impeded cooperation in spatial data activities. This problem is
being addressed in many states today and the situation is improving significantly.
Even though many states now have a coordinating body and data sharing among
agencies is improving, they are still depend on a continuous flow of accurate and
timely spatial data.

LOCAL GOVERNMENTS

Local governments are major creators, maintainers, and users of spatial
data. Analyses have indicated that as many as 90 percent of local government
(approximately 80,000 municipalities, towns, townships, regional planning
entities, and school and special districts) operations involve some use of spatial
data. Many have stated that they spend more on GIS activities than the federal
and state governments combined. Local governments use spatial data for a wide
range of activities that include: real estate assessments, land-use planning, public
works, water and sewer utilities, resource management, environmental control,
solid waste management, emergency management, and health care management.
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Local governments generally require medium-or large-scale maps and data.
While some local government activities, particularly in rural areas, can be
supported by the 1:24,000 scale maps and TIGER data, most local government
activities in urban areas require data at scales of 1:4,800 to 1:1,200 (1'' = 100').
Local governments have extensive requirements for cadastral maps since the
ownership parcel is a key entity in many local government functions. Planimetric
features such as roads, hydrography, and buildings are also important features;
soils and forest cover are important resource features. Many local governments
operate public works and utilities departments that require data on the location of
public facilities and utilities. All of these features must be mapped at medium or
large scales depending on the level of urbanization and the parcel sizes.

Current Situation

There has been a major movement to develop and implement GIS among
local governments in the past several years. The major effort of each GIS project
has been the development of large-scale and medium-scale spatial data bases
containing cultural, infrastructure, and resource features. These projects usually
involve the creation of new base maps from high-resolution aerial photography
and geodetic control. As a result, these projects can take five or more years and
cost several million dollars. Because of the resources required there are examples
(e.g., Indianapolis) of data sharing among the local government and utility
organizations within a geographic area. However, there has been limited
cooperative activities between local governments and state or federal agencies.

Some states have established programs of assistance and/or regulations
specifying mapping standards for local governments. Most of these focus on
equitable tax mapping throughout the state. Notable among these are South
Carolina, Missouri, Oklahoma, and New York. In these cases, mapping standards
employed by local governments tend to be uniform and of high quality
throughout the individual state.

Recently some states, such as Florida, Georgia, and Vermont, have
established growth management policies and/or regulations that have placed
requirements on local governments for the acquisition and use of spatial data.
These requirements are sometimes accompanied by resources for compliance.
Wisconsin has implemented the Wisconsin Land Information Program that
provides access to state funds when local governments implement a land records
modernization plan.
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Spatial data development in a local government is now typically
incorporated in a GIS program. The GIS program in turn is typically a consortium
of several departments across the city or county organization or of multiple city,
county, and utility organizations. Because this can cross a multitude of
jurisdictional boundaries, these local projects require considerable organizational
cooperation. The lead agency is usually a GIS user department such as planning
or public works. GIS data activities have traditionally taken place outside of the
conventional information services department.

Federal Relationships

There is little sharing of data between local governments and federal
agencies. In recent years there has been very little federal funding provided to
local governments and so little sharing has taken place.

The FEMA flood insurance program has generated maps of flood zones that
are used extensively by local governments. These maps are required for definition
of locations for flood insurance purposes. Even though the scales and formats of
these maps are often incompatible with other local government spatial data, they
are used out of regulatory necessity.

Federal regulations significantly affect local governments. EPA regulations
in particular are generating requirements for digital data among local
governments. For example, the recent EPA regulations (e.g., the non-point
discharge elimination standards) are stimulating many local governments to
collect spatially referenced data for purposes of storm water pollution permitting.
This requires the local governments to integrate geographic, water, and
topographic features with other local spatial data.

Standards

Generally the same standard issues facing states (above), face local
governments. In fact the issues may be exacerbated by the often dramatically
different scales used at the local level.

Problems

Local governments suffer from the same lack of funding and resource
problems as states. The magnitude of the effort required to acquire spatial
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data for a local government is often a serious problem. While new technological
tools and procedures are being developed, the development of a spatial data base
continues to be a major concern.

There is about the same level of communication or coordination of spatial
data activities among local governments as there is with state and federal
agencies. Within a specific area, such as a county, there may be a cooperative GIS
project that involves multiple organizations, but there are very few effective
mechanisms for communication with other local governments to obtain guidance
or resource sharing. A few states (e.g., Wisconsin) have a program for guidance
or technical assistance from the state to local governments.

PRIVATE SECTOR

The private sector makes broad use of spatial data technology and has done
so for over two decades; they are both producers and consumers of digital spatial
data. Many uses involve digitizing proprietary single-purpose maps—for
example, an electric utility company computerizing its "outside plant" facilities:
utility poles, rights-of-way, and transformer substations. Timber companies were
early adopters of GIS technology to inventory and analyze timber stands. While
these applications involve spatial data, in many cases they result in the acquisition
of proprietary and/or special purpose spatial data that are not of potentially broad
usefulness within the national spatial data infrastructure. One exception is the sale
of some of the spatial data by telephone companies to local governments as part
of the enhanced 911 emergency service.

On the other hand, many private sector applications call on the same generic
spatial data sets time and time again, specifically: boundaries or centroids of
statistical areas (counties, census tracts, or zipcodes) and street centerline spatial
data sets.

Typically, a person (or small group) at a private company becomes aware of a
GIS or desktop mapping package, sees that spatial data technology could he
useful to the company, and buys a copy of the product. They rapidly discover
that the new system cannot deliver any value without a copy of an appropriate
spatial data set. Practically without exception such a person assumes that the
spatial data set is available from the government at low cost. What they discover
is that either:
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•   the appropriate spatial data set (census tract boundaries, for example) is
available only from the private sector;

•   a government data set like the Bureau of the Census' TIGER file is
sufficient for many of the applications and it can be acquired from a
private company cheaper and/or in a more convenient ready-to-use
format;

•   a proprietary enhanced version of a government spatial data set is
necessary to make the application work, because of some shortcoming
of the government product; or

•   the required spatial data set does not exist and the company must have it
built from scratch at a substantial cost.

Incidentally, this experience is not restricted to private companies; in many
cases government agencies at all levels can only find the spatial data sets they
need from private suppliers.

The private sector has many advantages over government in use of spatial
data technology for several of the following reasons:

•   Private applications are generally simpler or at least more focused: the
impact of spatial data technology on their bottom line.

•   Private sector procurement practices are simple and streamlined, so
companies have better access to the latest technologies at lowest cost.

•   Private sector decision making is streamlined; action can be taken
quickly.

In addition, private sector spatial data vendors in the United States have the
tremendous advantage—practically unique in the world—of unrestricted
royalty-free usage of federal spatial data sets like TIGER and DLGs, as well as
copyright-free access to federal paper maps as a basis for proprietary spatial data
sets.

As a result of these advantages, a robust private sector community of users
and vendors of spatial data technology has evolved, which consists of a large
group of users, software vendors and data vendors. Users represent nearly every
sector of business: fast food chains selecting new sites, catalog marketers
targeting customers, taxi companies dispatching cabs, insurance companies
evaluating hurricane risks, food wholesalers routing delivery trucks, sales
managers delineating sales territories, phone companies planning communication
infrastructure for future developments, and banks complying with home mortgage
disclosure regulations. Every
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one of these application sectors is a consumer of the spatial data infrastructure
and is expected to grow for years to come.

There is a growing number of software vendors offering a range of products
from GIS, desktop mapping, desktop marketing, routing, and dispatching. In
every case these software systems are useless without access to a spatial data set.
Increasingly, the customers of software vendors demand "plug and play" spatial
data sets; they want to concentrate on getting their jobs done without the costly
diversion of digitizing or massaging a spatial data set. Many vendors only break
even on sales of their software packages but make profits reselling spatial data
sets to their customers.

Spatial data set vendors are either companies that simply transform data sets
like TIGER or DLG to the internal representation required by systems like
AutoCAD, or companies with more ambitious goals of creating proprietary
spatial data sets from scratch or by significant investment to improve a public
data set like TIGER. The latter companies have specialized to serve
geodemographic markets or emerging IVHS (intelligent vehicle-highway system)
applications like in-vehicle navigation and route guidance.

It is significant to observe that private spatial data set vendors dominate the
supply of spatial statistical area boundary data bases as well as street centerline
data sets. In aggregate, the combined data base creation and maintenance budgets
of these companies could exceed federal spending on these data sets. In a
previous report of the MSC (MSC, 1990), it was stated that de facto control of
significant spatial data sets could default to the private sector. This has probably
come true to some degree considering commercial activities of land title
companies and the extent that private companies have leveraged off the running
start provided by the Bureau of the Census release of TIGER in 1989.

Traditional private sector advantages of efficiency and competitiveness have
served the government well when, for example, building of portions of TIGER
was put out to bid in the mid-1980s. The private sector as a whole responded
aggressively and positively to spatial data set technology with dynamic growth in
all three sectors defined above. But private information businesses tend
inexorably to monopoly or at best oligopoly. At present, a competitive market
exists for some spatial data sets, and the rapid growth of "Business GIS" indicates
that value is being delivered at current prices.
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As we say several times in this report, what is missing from the federal
perspective is a vision of spatial data use beyond fulfilling missions of individual
agencies. The value of spatial data technology in promoting productivity or
stimulating commerce is not a major concern of the FGDC or of most of its
constituent agencies. Expansion of the vision of spatial data use beyond federal
agencies' needs will be considered as a future subject for a Mapping Science
Committee study.

ACADEMIA

Academia serves primarily in a support role for the improvement of the
National Spatial Data Infrastructure. Although the nation's colleges and
universities have extensive personpower, GIS experience, and specialized spatial
data sets, there are few programs that coordinate their efforts for input to the
NSDI. In almost all cases, academia must respond to the requirements of those
agencies supporting their research. It is clearly not the role of academia to
structure the NSDI, although the productivity of many of its scientists would he
enhanced if the NSDI were more robust.

Many specialized GIS research and teaching laboratories have recently been
established in U.S. universities. In many cases these laboratories work closely
with state-level institutions to assist their states to rationalize and improve their
spatial data and to educate students in the methods and techniques of processing
and using spatial data. Examples of leading university activities include the
National Center for Geographic Information and Analysis (NCGIA—a
consortium of the University of California at Santa Barbara, the State University
of New York at Buffalo, and the University of Maine at Orono), the Center for
Mapping at the Ohio State University, the University of South Carolina, and the
University of Wisconsin—Madison. Research programs at these and other
universities are advancing basic knowledge in the field of geographic information
and analysis. Examples include analysis of error in spatial data bases; the use and
value of geographic information; development of new data gathering techniques
such as Ohio State's GPS van (Bossler et al., 1991); remote sensing research and
others. The NCGIA receives its principal support from the NSF along with
additional support from the USGS, the EPA, and others; the Ohio State
University's Center for mapping receives funding from the National Aeronautics
and Space Administration (NASA), the USGS, and other state and federal
agencies; and the University of Wiscon
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sin—Madison is supported by the U.S. DOT, the NSF, the USDA, and various
state, local, and private organizations.

Additional research is critical. The recommendations in the MSC's (1991)
previous report on Research and Development in the National Mapping Division,
USGS: Trends and Prospects outlines work that is applicable not only to the
USGS but also every research organization that is part of the NSDI. We reiterate
our emphasis for continued research on standards.

The explosive growth of spatial data handling technology and applications
has whetted the appetite of users for new and improved capabilities to analyze,
model, and apply the data to meet their needs. The private sector seems to have
satisfied some of these needs through the development of new hardware
platforms and software to process the data. Still other needs or desires require
innovative R&D to extend data handling and modeling capabilities. Although
some results are several years away from the marketplace, the private sector has
demonstrated its rapidity to incorporate new spatial data handling advances into
commercial products. To realize fully the potential benefits of new technology,
researchers in government, the private sector, and the academic community
should work synergistically.
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5

SPATIAL DATA AND THE URBAN
FABRIC

INTRODUCTION

The basic premise of most federal mapping programs has not evolved as the
nation has changed from an economy based on natural resources to one
dominated by personal services, manufacturing, and industry The nation grew
from its knowledge and exploitation of natural resources. Crossing the continent
required (and resulted in) a knowledge of the physical and biological geography.
The mapping of its topography gave government and private industry a context
for great plans and small initiatives; the mapping of its geology, a sense of wealth
and the location of building materials; the mapping of its soils, an assessment of
the potential to feed itself and others; and the charting of its waters, the ability to
navigate, generate power, and harvest fish.

As the nation has matured, these mapping needs have lost their priority
though not their utility. Delivery of human services, assessment of environmental
conditions, responses to natural hazards such as earthquakes and hurricanes,
deployment of law-enforcement personnel, education of children, economic
development, transportation of goods, delivery of services, and the electoral
process itself demand a broader and more detailed information set: one that
defines, characterizes, and embraces the urban fabric of a once-rural nation.

The federal focus on mapping natural resources, almost to the exclusion of
all else, fails to recognize the growing needs of the federal agencies for
information more commonly referenced to street addresses, voting precincts, and
land parcels. We refer to these needs within the context of an urban fabric, a
fabric that includes both urban and rural areas
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and consists of information concerning the built and human environment versus
one dominated by natural resources. The expenditures for acquiring and encoding
information defining and pertaining to places are made in an ad hoc manner and
redundantly by federal agencies, local governments, and the private sector. Thus,
what could be a national investment frequently goes no further than an expense.

We divided this fabric into the following four pieces:

•   the land base and use of land,
•   the ownership of the land,
•   the transportation (street) network that serves it, and
•   the addressing schemes that provide common geographic reference.

We discuss these pieces in the above context.

BACKGROUND

The point of departure for this discussion is the findings and
recommendations in the report—Spatial Data Needs: The Future of the National
Mapping Program (MSC, 1990)—that digital, spatial data bases be developed to
serve both public and private needs of the country. We studied the case of the
urban fabric to consider the needs of urban areas for digital spatial data, to
determine how well currently available systems for supplying and maintaining
spatial data meet these needs, and to determine how the availability and
accessibility of urban spatial data in the future might be improved.

An urban spatial data base is a digital system that defines location and/or
spatial references (addresses) of objects, people, and events. The committee
identified four general kinds of urban spatial data. This chapter addresses the
potential contribution of each toward meeting the needs for an adequate spatial
data infrastructure for urban areas of the United States and the current status of
each one. In Chapter 9 we present recommendations for technical,
organizational, and institutional changes and for cooperative activities to meet the
needs for urban spatial data in the next decade. The four components of an urban
spatial data base are (1) the urban land base system (planimetric and
topographic); (2) the cadastral system; (3) the street centerline system; and (4) the
political and administrative boundary system (not further discussed).
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In some urban areas, government and private organizations are cooperatively
developing GIS. However, individual organizations usually develop their own
GIS to respond to their needs. No commonly accepted standards for geographical
accuracy, content, format, or transferability of data exist. Consequently, sharing
information between different organizations as well as relating information from
different organizations for common geographical areas is difficult and sometimes
impossible.

The federal government also needs spatial information within urban areas
for many of its tasks. Its access to this information is difficult, if not impossible,
when so many different systems for collecting, updating, and maintaining
geographical information exist and when the terms of accessing that information
differ from one urban area to another and from one organization to another.

LAND BASE SYSTEMS COMPONENT

Description

Land base refers to activities and data sets (both analog and digital)
associated with defining the location and extent of physical (natural and
manmade) features on the Earth's surface. The land base typically incorporates:

•   a common coordinate reference system,
•   the portrayal of physical features in a planimetric and orthogonal view,

and
•   the representation of topographic relief and features.

Land base systems include:

•   techniques for collecting information, through aerial photography and
remote sensing, about the location, extent, and nature of physical
features;

•   techniques for representing this information graphically and textually;
•   linkages to other descriptive information about the features;
•   techniques for replacing and disseminating information, e.g., maps; and
•   a process for maintaining the temporal currency of the features.
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The scale, accuracy, and feature representation, as well as the level of
textual and statistical detail characterizing each feature, are varied with little
consistency and no standards between the activities and products of similar
organizations. However, land base maps are typically the foundation of most
spatial information systems, serving to register other layers or themes of
information to a particular geography.

Primary Responsibility

No organization or level of government is responsible for building,
maintaining, or setting the standards for land base systems. Because of their
central import to analog and digital spatial information systems, many
organizations have traditionally developed base maps to support their traditional
requirements; other organizations have informally adopted (and sometimes
modified) the base maps of another organization to satisfy, if only partially, their
requirements.

The map products of the USGS and the SCS have served, most frequently,
as the base map for federal mapping activities. The traditional natural resource
orientation and the scale of the products limit their utility and fail to serve
agencies with an urban applications orientation. The USGS and SCS map
products are also used extensively by state and local governments and the private
sector, with comparable limits on their utility.

The land base mapping of state governments is generally more diffused than
that of the federal levels. One consistent exception is the mapping activities of the
states' departments of transportation. State agencies rely heavily on federal
sources for large-area mapping and to a significant yet lesser extent on the
mapping activities of local governments.

Land base maps with wide ranges in type, accuracy, currency, and content
are a common product of local government. The land base is constructed by using
many different techniques and standards, frequently relying on the private sector
as a supplier of some or all of the sources referenced above.

Land-base mapping by the private sector occurs both in support of federal,
state, and local government activities and as a component of private business,
most frequently in land acquisition, site development, resource management and
development, and providing and servicing utilities and transportation networks.
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Needs

Tens of thousands of organizations are building and maintaining land bases
in the United States. The cooperation and coordination in building and
maintaining the land base systems rarely go beyond ad hoc relationships within
organizations and between organizations interested in the same geography. The
ramifications are obvious: lack of consistency between similar or identical data
sets, redundancy, lack (gaps) in coverage, and lack of temporal currency among
others. The cost to the national economy in terms of productivity and misdirected
revenues is extraordinary.

There are no systematic or programmatic opportunities other than isolated
and local arrangements to facilitate the sharing of responsibilities in developing
land bases between the various levels of participants: federal, state, and local
governments and the private sector. If indeed there is a national benefit to be
derived from recognizing and building a better NSDI, surely the institutional
processes and programs for sharing responsibility as well as data must be
established.

Models

We are not without models—limited in coverage though they may be—that
might serve as points of initiation. Among them are:

•   cooperative geologic mapping programs of the USGS and state
geological organizations (see P.L. 102–285);

•   the high altitude aerial photography program of the USDA, the USGS,
and state governments;

•   the cadastral mapping program and the previous funding incentives of
North Carolina and county tax assessors;

•   the funding incentives for land record modernization in Wisconsin; and
•   GIS consortia such as in Louisville, Kentucky; Knoxville and Nashville,

Tennessee; and Indianapolis, Indiana.

Rationale for Federal Involvement

Federal needs justify an initiative to reach a more cooperative and less

SPATIAL DATA AND THE URBAN FABRIC 63

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

,
an

d 
so

m
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Toward a Coordinated Spatial Data Infrastructure for the Nation 
http://www.nap.edu/catalog/2105.html

http://www.nap.edu/catalog/2105.html


redundant spatial data collection process. The benefits derived by other levels add
to the public good and national productivity.

The needs of the federal government span all levels of the geography and
detail of land base systems. At the same time, the federal agencies are not always
best positioned to collect, validate, maintain, or aggregate information required by
federal agencies. The examples are many, including locations of buildings,
construction of secondary roads, movement/migration of people, and siting and
characterization of public and privately owned utility facilities.

THE NATION'S CADASTRE

Introduction

As William Chatterton (1991, past chairman American Bar Association
Committee on Land Records Improvement, personal communication) noted,
markets are now linked globally through sophisticated communications
technology and have blended into one global trading system. Globalized
production and marketing require capital to flow easily across national
boundaries. A recent Nobel Prize for economics went to the pioneers of the
efficient-market theory in which prices quickly reflect information about
property. The work of these Nobel Prize winners shifted the focus to getting
information to market as quickly as possible. The growing volatility of the world
capital market is a sign that the old system is increasingly going out of control.

The savings and loans crisis and the well-publicized problems in the banking
and insurance industries similarly tell us that old safety mechanisms, designed to
maintain financial stability in a world of self-contained national economies, are
as obsolete as the world they were designed to protect. Even minor glitches in
telecommunications and computer systems now have the potential to wreak
major havoc in the financial marketplace worldwide.

Transactions in land are the touchstone of a market economy. Public records
should, therefore, enable a prospective landowner, whether he is located in New
York, Los Angeles, Tokyo, or London, to determine, quickly and
unambiguously, the rights, responsibilities, and risk associated with owning a
specific tract of land. We already see that land information systems are being
driven by the requirements of the market. Most land
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transactions in the United States now require title insurance, so that the
multibillion dollar market in mortgages can at least be assured, to the extent of
the mortgage title policy, that it has a first lien on the premises.

The United States lacks what is commonplace in most of the developed
nations and many others: an integrated and comprehensive national land records
system. Historically, the responsibility for maintaining land ownership
information (i.e., a cadastral system) has been delegated to local governments,
with state intervention and coordination occurring only limitedly and
inconsistently.

Description

Cadastral system refers to those activities and data sets associated with
parcel-based land information (McLaughlin and Nichols, 1987). It incorporates:

•   a common definition of the parcel and a unique primary parcel
identifier,

•   a cadastral mapping program with geodetic control, and
•   linkages to a series of records.

Information contained in the cadastral system include:

•   data about how the parcel itself was created and any subsequent
changes,

•   core cadastral data from primary sources (e.g., ownership data from the
registry office, value data from the assessment office, etc.), and

•   other data that may be referenced to the parcel (such as building and
improvements data).

Cadastral information may be related to other spatial data in a variety of
ways, including

•   assigning coordinates to the cadastral parcel,
•   registering the cadastral map to a base mapping system, and
•   relating the parcel identifier to other indexes (e.g., street addresses).
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Primary Responsibility

The states have the primary responsibility for building and maintaining
cadastral systems. They have the constitutional mandate for administering the
system of real property law and for matters pertaining to the planning,
development use, and taxation of land. They are also responsible for establishing
the administrative arrangements (such as registry offices) required to support this
mandate.

Much of the daily responsibility has been traditionally delegated by the
states to local government. Currently, there are approximately 100 million parcels
of taxable real property. The records for these parcels are maintained by
approximately 80,000 state and local government entities (including counties,
municipalities, towns, townships, etc.).

A few states, such as North Carolina and Wisconsin, have undertaken to
develop management programs for county land records resulting in statewide data
bases. To date these programs have been primarily concerned with developing
uniform standards and with assisting (through funding and technical assistance) in
local land records improvement programs. North Carolina, for example, instituted
a land records management program in 1977, and developed cooperative
programs with more than 80 of its 100 counties (see Chapter 7).

Rationale for Federal Involvement

The federal government is responsible for a diverse group of mandates and
functions that require parcel-based information. These include aboriginal land
tenure; the federal government's significance as a land owner; its role in real
estate and asset/facilities management; its role in acquiring property for specific
projects; various taxation roles; its regulatory role with respect to real estate
financing, interstate commerce, agricultural support programs, environmental
assessment, hazardous waste management, etc.; and civil defense and emergency
preparedness roles.

The Problems

The problems associated with the existing cadastral arrangements have been
extensively documented in studies over the past 30 years. The basic
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record-keeping systems are often archaic, based on legal principles predating the
U.S. Constitution (the rudimentary deed registry concept). Information may or
may not be available for a specific parcel (e.g., registration of deed is generally
not compulsory) and may be distributed among a number of public agencies.
There is generally no systematic procedure for efficiently retrieving the data, and
current cadastral index maps are generally not available. The quality of the data
stored and their legal validity are often unknown. The ability to integrate parcel
data from different sources is generally very limited. The costs associated with
these problems show up in the transaction and regulatory costs of the real estate
marketplace, the assessment and collection costs of the taxation system, the cost
of the record-keeping itself, and others.

Responding to the Problems

Efforts to respond to these problems date back more than 30 years and
include proposals aimed at improved survey standards and coordination of
parcels, administrative and legal improvements to the deed registry system,
automation of land records, development of cadastral mapping programs,
integration of parcel data bases, etc. In the early 1980s, many of these proposals
were bundled together under the label of the multipurpose cadastre concept, as
described in two reports prepared by the National Research Council (Committee
on Geodesy, 1980, 1983).

The impact to date has been modest. Although many local governments have
invested in specific land record improvements (especially the introduction of
computers), a much smaller number have undertaken more comprehensive
reforms. The reasons for this limited impact are many and complex but are much
more a function of policy and institutional concerns than any underlying
technical or financial issues.

The most recent effort to deal with the cadastral problem from a national
perspective has been the Department of the Interior study (DOI, 1990) on land
information mandated by the Federal Land Exchange and Facilitation Act of 1988
(P.L. 100–409). Essentially, it once again reviewed the problems associated with
land information management in the United States (with an emphasis on
cadastral records); examined a number of recent initiatives at the federal, state,
and local levels; and called for a nationwide land information management
system. The report's recommendations have gone unheeded. The timing of
undertaking land records
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reform will never be better because the technology is ripe and the task becomes
more complex with time.

STREET CENTERLINE SPATIAL DATA BASE

Description

The transportation network is the third and increasingly important
component of the urban information fabric. Its importance transcends the utility
of a common street map because it is a base for defining, organizing, and
accessing places (and their associated information) within both complex urban
environments and rural areas.

In a digital format the importance is magnified and its uses are expanded
manyfold. What might have served as a guide or descriptor of pathways through a
particular geography can now serve as an index to large volumes of tabular and
statistical data, as a framework for depicting those statistics spatially, and as an
analytical tool.

In its basic form, a Street Centerline Spatial Data base (SCSD) is a
computerized street map, where streets are represented as centerlines and the
characteristics of the streets (the attributes) are appended. The practice that has
developed from almost three decades of experience has led to records that
uniquely identify each segment and intersection of the street network;
differentiate between the left and right side of each segment and anomalies such
as cul de sacs; encode street names, zip codes, census geographies, and other area
descriptors; provide address ranges for both sides of the street segment; and
incorporate coordinate references and scale at various levels of accuracy, among
other characteristics.

Significance and Applications

A national SCSD with these characteristics, if kept current and accurate,
would support a wide variety of administrative functions by all levels of
government and would also provide a basic spatial framework for extensions to
serve a wide a variety of other applications of commercial importance.
Applications include facility site selection e.g., schools, health facilities, and
transit nodes), socioeconomic planning studies using census data, legislative
redistricting, and analysis of demand for and supply of human services based on
administrative records address-matched to areas
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with census data. Operational Intelligent Vehicle Highway System (IVHS)
applications of SCSD in logistical operations (e.g., fleet management) promise to
reduce driving time and fuel usage. Direct benefits extend to increased
productivity of professional drivers and commuters alike, reduced emissions from
burning fossil fuels, and reduced dependence on foreign energy sources.

Current Status of Street Centerline Spatial Data Bases

Although no single national data base fills all requirements for an SCSD,
products from three agencies provide part of the content of a national street-
centerline resource.

USGS DLG Program

During the 1980s the USGS embarked on a program to produce DLGs
corresponding to most nationwide paper map quadrangle publications. The
1:100,000 scale DLG series was completed in the 1980s and served as the
coordinate and linework basis for nonmetropolitan portions of the Bureau of the
Census TIGER data base (see below).

The transportation layer of the 1:24,000 DLG series in April 1992 existed
for 5,360 of the 55,000 quadrangles. This series is important because its
coordinate accuracy is sufficient for many SCSD applications, and it is derived
from the largest-scale (most detailed and accurate) uniform map series available
in the United States. Despite coordinate accuracy, the data in the series are limited
in applicability because they lack street names and address ranges and are
infrequently updated, the coverage is limited, and the accuracy levels are
inadequate for many uses.

U.S. Postal Service's ZIP + 4 Data Base

Although technically not an SCSD, the U.S. Postal Service's (USPS) ZIP + 4
file is an important national resource. ZIP + 4, the most detailed postal data base,
relates all U.S. addresses to nine-digit numeric codes, each of which usually ties a
small number of addresses to one side of a city block. The first five digits are the
familiar zip code, which corresponds to a postal delivery unit. Each zip is divided
into about 40 sectors (the next two digits), each of which can have 99 segments
(the last two digits). In contrast to DLGs and TIGER, ZIP + 4 is updated monthly
to permit large
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volume mailers to precode mailing addresses with postal codes. Mailers benefit
from postal rate discounts; the USPS gains by streamlined bulk-mail processing.

Unlike DLG and TIGER, ZIP + 4 is not organized as an SCSD. Each logical
record in ZIP + 4 can define a range of addresses, part of a rural carrier route, a
box number, or even an individual person or company. The ZIP + 4 file contains
no spatial coordinates or census codes. Yet, the ZIP + 4 is an important resource
to the national SCSD because (1) it is a complete definition of mailing addresses
throughout the United States; (2) addresses usually are the most prominent
geographic identifiers in people, property, or event-oriented data files; (3) it is
updated monthly, making it by far the most current geographic reference data
base; and (4) it is widely used as the standard for street naming.

TIGER

TIGER (Marx, 1990), a by-product of the 1990 census, is the closest of the
three examples to a broadly useful SCSD. It covers the entire country and is the
authoritative repository of the 1990 census geographic definitions. Although
TIGER's coordinate content is immense, accuracy and graphical appearance vary
because of past cartographic and data processing practices. TIGER coordinates
are useable for many applications but fall short of the consistent accuracies of the
1:24,000 DLGs and the needs of many users. Another deficiency of the TIGER
files is that only streets in urban areas carry address range and ZIP code
attributes. Consequently, only 55 to 60 percent of U.S. addresses are represented
in TIGER, which severely limits TIGER's utility. Moreover, as TIGER is a work
product of the 1990 census, a schedule of periodic updates is not published.

Problems Caused by Deficiencies of Available SCSDs

A principal problem with the present situation is that there are three spatial
data bases, developed to serve the needs of their respective agencies, each
containing data that are not easily coordinated with data from the others. Levels
of spatial accuracy differ, one (ZIP + 4) contains no spatial coordinates, and the
temporal updating of information is different and uncoordinated for the three
sources. Because many user needs are not met by any of the above sources, a
second problem is created
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when users of SCSDs frequently add attributes of interest by themselves to one of
the existing SCSDs without consulting with or cooperating with other public or
private users. The result is a costly duplication of effort and lost opportunities for
acquiring a superior data base.

Although designed to facilitate specific agency internal operations, both
TIGER and ZIP + 4 are widely used in a broad range of state, local, and
commercial applications. Again, inconsistencies persist. The Bureau of the
Census actively markets TIGER and encourages TIGER use with workshops.
TIGER is used for marketing studies, dispatching taxis, making inventories of
municipal street signs and streets, and routing fleets of vehicles, for example. On
the other hand, the USPS uses copyright restrictions to discourage use of ZIP + 4
for purposes other than preparation of bulk mailings. Nevertheless, information
from the ZIP + 4 data base is being tested by at least one state as a mechanism for
allocating state income tax to school districts and by marketers for demographic
analysis of customers and prospects.

Because versions of an SCSD are being developed independently, little
thought is given to issues of standards and formats. The flow of information is
now dependent on mandates and missions of specific agencies, legal and market
considerations, budgets and profits, poor communication linkages
(organizational, personal, and technical), and generally the lack of coordination
and cooperation. Adding to the complexity and inconsistency, several private
companies have created proprietary data bases combining the best data from
TIGER and ZIP + 4 and proprietary data sources.

Need for Greater Coordination or Consolidation

There are inter-and intragovernmental opportunities for shared
development, collection, and use of spatial data. Additionally, there are valid
roles and potential for private sector participation in cooperative efforts as well as
in providing value-added products. As an example, information can gain value
through the accumulation of incremental improvements, features, detail, and
validation or definition of accuracy as it is passed from one governmental level to
another or from the governmental bodies to the private sector and on to the end
user. The added value is as much a function of the entity having the resources and
the mandate (whether legal or profit motivated) to contribute.
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With foresight, the development life cycle of information can be used to add
value and accessibility to information. Moreover, the design of the information
resource can become dependent on the interactions of the various participating
levels and with coordination the actions of any particular level can be
maximized, realizing the potential efficiencies of a robust NSDI.

There is a need to find the resources to forge the permanent cooperative
arrangements that will be required to produce and keep current the SCSD. Many
application areas have special needs that are not covered by the current SCSD.
For example, TIGER is still missing the kind of attribute information required for
transportation network modeling and logistics. The most important are direction
of flow, turn restrictions at intersections, travel times on segments by time of
day, and turning penalties at intersections. In addition, there should be a minimum
set of transportation-related attributes. State departments of transportation could
add their route identifier and beginning and ending milepoints to each segment in
the SCSD so that they can more easily reference other attribute information, such
as pavement condition, accidents, and signs.

Conclusions: The Need to Ensure Access, Use, and
Maintenance

An urban SCSD is an essential component of the urban information fabric.
There is a clear federal need for a city block/street-level spatial data
infrastructure, evidenced in support of the missions of the Bureau of the Census
and the USPS. Yet each agency continues to maintain its data base
independently.

Clearly, no single federal agency has responsibility for the development and
maintenance of a fully functional SCSD. Several agencies have responsibility for
pieces of information contained in the SCSD but, like a jigsaw puzzle that is
never put together, none has the responsibility nor the duty of ensuring that these
pieces fit together. The only two nationwide data bases (ZIP + 4 and TIGER) are
byproducts of the operational missions of their organizations. Furthermore, the
ZIP + 4 data base is copyrighted by the USPS to control distribution of outdated
copies, the use of which could snarl mail processing. The only general-purpose
data base—the 1:24,000 DLG—is incomplete and lacks key data fields required
for broad usage. Furthermore, none of these agencies has plans to augment data
bases with information about traffic-flow restrictions, which would support
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future IVHS applications and other logistical operations such as dispatch routing,
which has substantial commercial value and utility to governmental units of all
levels.

There is a natural but undefined opportunity for sharing spatial data through
the entire domain of federal, state, and local governments and the private sector
regardless of the specific geography involved. The commercial utility of an SCSD
is great enough to encourage several private companies to fund independent
multimillion dollar projects to improve public SCSD resources, turning them into
proprietary data holdings. Moreover, each of these developers, collectors, and
users of spatial information is making considerable investments that mask
significant opportunity costs because of redundancy of effort, undeveloped
opportunities for efficiencies, and insufficient financial resources available to any
one sector.
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6

SPATIAL DATA AND WETLANDS

INTRODUCTION

One of the objectives of this report is to identify what could be done better
or more efficiently if the content, accuracy, organization, and control of spatial
data were different. To answer this question it is important to understand the
complexity of such an infrastructure, including the spatial data themselves.
Spatial data consist of digital representations of geographic objects or features on
the surface of the earth including tangible man-made objects such as roads and
administrative features such as land ownership parcels that are part of the rural
and urban fabric discussed in the previous chapter. An equally important part of a
spatial data base, however, consists of features that occur as the result of
physical, chemical, or biological processes. To focus on those naturally occurring
features, the MSC studied existing programs that generate spatial data bases of
wetland features. Wetlands were chosen because they represent environmental
aspects of the Earth that need to be delineated, measured, represented, analyzed,
and displayed quite differently from man-made objects, such as streets. Wetlands
were also chosen because they are of considerable national interest and debate.
For example, it can be argued that a federal mandate for ''no net loss" of wetlands
relies on a consistent spatial data base. Given the fact that wetland data are
collected in numerous federal, state, and local agencies as well as several private
institutions, the MSC believed that a case study with a focus on wetlands would
provide an excellent example of the needs and challenges facing the development
and implementation of a robust NSDI.
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Maps are graphical models or simplified views that represent the distribution
of a collection of features on the Earth's surface. To provide a consistent spatial
data representation of a feature there must be agreement on how to classify it, how
to delineate it, the criteria for inclusion, valid attributes to assign to it, and the
appropriate way to symbolize it. In the previous chapter we examined the federal
response to the creation and maintenance of a data base of street centerlines for
the nation. Such a file is composed of a relatively unambiguous and easily
identifiable set of geographic features. These features are very tangible and can
be graphically represented as a set of line segments that form the links of an
integrated network. For example, while differences of opinion exist among
agencies regarding the appropriate classification of roads and the set of attributes
that should be assigned to them, the task of delineating and representing them is
straightforward and can be achieved from a wide variety of source materials. In
contrast, the natural environment presents a much more complex set of
challenges. Naturally occurring features such as wetlands are not only difficult to
classify, but they also have poorly defined edges, tend to change through time,
appear and disappear at different scales, and often can only be delineated with
field work and skilled interpretation based on specialized source materials, such
as color infrared photography. Furthermore, the areal extent or quantity of natural
features has important ramifications for economic policy, land use controls,
taxation, and environmental concerns.

To monitor whether the mandate for no net loss of wetlands is being
followed, there needs to be accurate data regarding the spatial distribution of
existing wetlands through a time interval. In other words, there is a need for a
series of wetland maps, and there really is no other acceptable alternative. Armed
with GIS and the appropriate series of digital maps, it would be relatively easy to
evaluate the distribution of wetlands. For example, an important tool of modern
GIS is the ability to measure the area of features. In fact once a wetland area is
encoded into the system, its area is automatically calculated. In a digital world it
is also easy to automatically compare wetland maps at different times to measure
and to display changes.

Unfortunately, the fact that the tools exist to monitor wetland change does
not mean that governments have been able to implement such systems. From a
mapping science perspective several problems exist. The most fundamental
issues are classification, delineation, resolution, and representation of wetland
data. Although the FGDC is beginning to address
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the problems, we as a nation have not collectively agreed about what wetlands
are, how to identify them, or how to encode them. The problems are difficult
because wetlands themselves are ambiguous entities. Although wetlands are often
included as a category of land cover, they actually are a condition of various
categories of land cover (e.g., forested wetlands) and are commonly defined in
terms of soil types. The wetland classification problem is exemplified in Table
6.1, which lists seven different wetland definitions. Although it is possible for the
scientific and regulatory communities to reconcile differences in definitions, once
we agree on what constitute wetlands, they still have to be identified on an
acceptable mapping base. This task is difficult because the boundaries are usually
transitional, without abrupt or definite edges. These fuzzy boundaries are rather
elastic and can migrate with seasons or with climatic changes. The result are
zones of varying transition.

Another issue involves the optimum way to represent wetland features in a
digital spatial data base. For some programs and analytical needs, wetland data
are stored as a cluster of uniform grid cells. Such raster systems often portray
wetlands derived from digital image data captured by satellite or airborne
photography. In most mapping and inventory systems used for planning and
regulation, a wetland feature is represented as a homogeneous closed polygon.
Within the existing programs there are several alternatives for the creation,
maintenance, and distribution of a wetland data base. The possibilities include:

•   a layer of polygonal areas that would replace the swamp symbols on the
USGS 1:24,000 DLG versions of the topographic quadrangle maps;

•   a series of polygons of the FWS 1:24,000 NWI maps;
•   hydric soil polygons on the SCS soil surveys;
•   a subset of wetland polygons that share boundaries with upland areas on a

national land-use and land-cover data base;
•   a digital layer of a proposed quarter-quad (1:12,000) orthophotography

program (SCS, ASCS, and USGS);
•   a digital layer on a federal, state, or local agency cooperative program

such as the Maryland digital orthophoto quarter quad mapping and
wetland inventory program; and

•   a series of polygons on maps (digital or not) from the various state and
local wetland mapping programs.
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TABLE 6.1 Seven Examples of Wetland Definitions

Emergency Wetlands Resources Act of 1986 (PL99–645)
The term "wetland" means land that has a predominance of hydric soils and that is
inundated or saturated by surface or groundwater at a frequency and duration
sufficient to support, and that under normal circumstances does support, a prevalence
of hydrophytic vegetation typically adapted for life in saturated soil condition.
Swampbuster Provision, Food Security Act of 1985 (PL99–198)
The term "wetland," except when such term is part of the term "converted wetland,"
means land that has a predominance of hydric soils and that is inundated or saturated
by surface or groundwater at a frequency and duration sufficient to support, and that
under normal circumstances does support, a prevalence of hydrophytic vegetation
typically adapted for life in saturated soil conditions.
U.S. Fish and Wildlife Service (Cowardin et al., 1979, adopted 1980)
Lands transitional between terrestrial and aquatic systems where the water table is
usually at or near the surface or the land is covered by shallow water. For purposes of
this classification, wetlands must have one or more of the following three attributes:
(1) at least periodically, the land supports predominantly hydrophytes, (2) the 
substrate is predominantly undrained hydric soil, and (3) the substrate is nonsoil and
is saturated with water or covered by shallow water at some time during the growing
season of each year.
U.S. Environmental Protection Agency (40 CFR 230.3, Federal Register, 1980) and
the U.S. Army Corps of Engineers (33 CFR 328.3, Federal Register, 1982)
Those areas that are inundated or saturated by surface or groundwater at a frequency
and duration sufficient to support, and that under normal circumstances do support, a
prevalence of vergetation typically adapted for life in saturated soil conditions.
Wetlands generally include swamps, marshes, bogs, and similar areas.
State of Wisconsin (NR 115.03 WAC)
Those areas where water is at, near, or above the land surface long enough to be
capable of supporting aquatic or hydrophytic vegetation, and which have soils
indicative of wet conditions.
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State of Connecticut (22a-38 Connecticut General Statutes)
Wetlands means land, including submerged land, which consist(s) of any of the soil
types designated as poorly drained, very poorly drained, alluvial or flood plain by the
National Cooperative Soils Survey, as may be amended from time to time, by the Soil
Conservation Service of the U.S. Department of Agriculture.
State of California (California Coastal Act of 1976, Section 30121)
Lands within the coastal zone which may be covered periodically or permanently with
shallow water and include saltwater marshes, freshwater marshes, open or closed
brackish marshes, swamps, mudflats, and fens.

Mapping wetlands presents an interesting set of challenges. At the same
time, our federal policies require that the problems be addressed. Therefore, the
MSC examined the current roles of various institutional entities in the use and
sharing of geographic information pertaining to the nation's wetlands. During the
study, we found that policy issues dominated the consideration of wetlands;
Appendix A treats these issues in additional depth. Wetlands illustrate how the
scientific and resource planning and management communities go about the
identification, classification, and delineation process in contrast to how a society
goes about the difficult process of deciding what it is willing to regulate. Similar
examples of national interest could be the distribution and condition of
endangered species habitat or an assessment of biodiverse land areas.

EVALUATION PROCESS

Public Interest in Wetland Protection

One study (Dahl, 1990) estimated that 53 percent of the nation's original
wetlands had been lost by the mid-1980s. Public interest in protecting and
enhancing the remaining 103.3 million acres of wetlands emerged at the state and
local level before the federal level. Congressional interest began in the late
1970s. In 1977 the Federal Water Pollution Control Act of 1972 was amended; it
is commonly known as the "Clean Water Act." This act prohibits the dredging
and filling of "jurisdictional"
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wetlands without a permit from the Corps of Engineers (COE). In 1985, and again
in 1990, Congress expanded interest in wetlands by including economic
incentives for farmers to eliminate "swampbusting" of wetlands in farmed areas.
In 1986 the FWS was authorized to conduct a statistically based analysis of the
status of trends of wetlands and produce NWI maps for the conterminous United
States by 1998.

In 1988 the nations interest in wetland protection was amplified by
President George Bush when he ran for election in support of the Conservation
Foundation's recommendation of "no net loss" for the remaining wetlands. In
parallel with this national focus and interest, 27 states now have some form of
wetland protection regulations. In essence the debate over wetlands has now
moved from a question of whether wetlands should be protected to a question of
how much protection should be afforded the remaining wetland resource (Zinn
and Copeland, 1992).

This question of how much or what subset of the overall wetland resource
needs national attention and regulation, and a major debate is under way between
wetland protection advocates and private land owners. The environmental and
wetland advocates have concluded that "a major impediment in maintaining,
enhancing, and restoring wetland resources is the lack of a coordinated,
consistent approach among federal, state and local governments" (Zinn and
Copeland, 1992). This lack of a coordinated and consistent inventory mapping
and analysis capability is at the crux of public debate (see Appendix A). Without a
reconciliation of the overlaps in these authorities and resultant data collection
procedures, the ability to incorporate spatial data and information about the
nation's wetlands into an NSDI remains problematical.

Lack of a Collective Perspective

It can be concluded that the need to bring forth a common view on the
location, status, and trends of wetlands and the subset of those of national interest
remains as the primary impediment to broad public and private support and the
eventual criteria for spatial data about wetlands. For example, the owners of
wetlands say "that protection efforts have gone too far" (Zinn and Copeland,
1992). A similar concern was reported in USA Today when President Bush was
quoted "We ought to stay with our objective of 'no net loss'. . . but we don't want
to overdefine what a wetland is" (Benedetto, 1992).
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In essence, wetlands described and mapped as part of NWI and the Food
Security Act (FSA) should be identical in definition and boundary delineation.
Jurisdictional wetlands or that subset to be regulated by the COE and the EPA
need to be nestable within the NWI and the FSA classification system. At
present, jurisdictional wetlands are determined case by case by the COE, with
veto responsibility assigned to the EPA. Because the COE conducts only case-
by-case analysis, there are no maps available to alert those who might be affected
by these jurisdictional wetlands. As stated by the Executive Director of the
Association of Wetland Managers: " . . . in contrast [to the COE] virtually all
state and local governments map wetlands as part of the regulatory process" and " . . .
this lack of a consistent map base results in a federal program subject to varying
interpretation by individual regulators." As a result, " . . . the regulatory process is
difficult and time consuming. . . . Moreover, both delineating a wetland and
applying for a permit are costly" (Kusler, 1992). (Niemann, 1992, estimated an
annual cost of about $100 million.)

As in the previous paragraph, the MSC finds that without a reconciliation
effort (among federal, state, and local regulatory activities) leading to a composite
national view, incorporation of spatial data and information about the nation's
wetlands into an NSDI remains problematical.

Impediments

Four potential impediments were identified that limit in various forms the
implementation of a national wetland data and information resource. These
impediments are: technical, legislative, institutional, and economic. These
potential impediments were compared with 11 data collection and management
recommendations prepared by the Interagency Wetlands Task Force (Table 6.2).
The results of this analysis further demonstrate the difficulty of developing a
national wetland information resource. The problems include inconsistent
interpretations of wetlands between NWI and FSA maps even though the
definitions are identical.

Other technical issues emerged, such as the technical specifications and data
sources for wetland information. NWI delineations involve aerial photographic
interpretations; FSA determinations involve the use of soil maps, aerial
photographs, on-site evaluations, and more recently experimentation with satellite
imagery. COE/EPA determinations of jurisdictional wetlands are handled case by
case. This complexity of overlapping man
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Figure 6.1
Evolution of wetland information technology diffusion.
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dates and various analytical approaches compounds the data integration
problem.

All of this complexity speaks to the need for a strategic approach for those
responsible for administering wetlands policy. Elements of such a strategic
approach could include the following:

•   integrating and coordinating NWI and FSA wetland programs and
nesting COE jurisdictional wetlands within NWI and FSA,

•   developing standards for digital wetland information,
•   fully implementing the multiagency national orthophoto program (both

digital and hard copy products)
•   integrating statistical analysis of the status and trends of the nation's

wetlands, and
•   integrating and coordinating the various ongoing state and local wetland

mapping programs and nesting these classifications within the NWI.

The ability to implement such a strategy will require a concerted effort. The
FGDC should consider facilitating such an effort.

Wetland Information Diffusion Model

To understand the current status of spatial data products that support
decisions concerning the nation's wetlands, it is useful to examine the changing
context of wetland information. Wetland data and information that initially were
collected for descriptive and planning purposes are increasingly being used for
regulatory purposes, which places different requirements on the information. The
MSC presents these changing requirements in terms of information diffusion
models. The description of an evolutionary model could serve those who will
become responsible for such other natural phenomena of national attention.
Figure 6.1 portrays an information diffusion model that explains and/or predicts
the state and condition of wetland information. Five information stages were
identified:

(1)  awareness stage: the process of collecting and analyzing information
to gain public support;

(2)  policy formulation stage: the process of using information to gain
legislative support and define intent;
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(3)  definitional formulation stage: the process of developing
administrative rules that are dependent on reliable (repeatable)
measures;

(4)  planning, management, and analysis stage: the process of mapping
wetland entities for both internal management and also to
communicate the location and distribution of these regulated and
non-regulated wetlands; and

(5)  private land regulation stage: the process of imposing stated public
policy on privately held lands.

What the model shows is that as the process moves into the last stage—
regulating of private land—information requirements become more specific and
demanding. Wetland entity mapping becomes integrated with property
boundaries. Digital data collection and GIS technology and automated land
records become important factors.

This evolution of wetland information diffusion is in a state of flux as
portrayed in Figure 6.2. As this definitional process affects land development
rights on privately held land, the public debate accelerates. This interaction, even
though troublesome to the information community, in effect constitutes the
current implementation process. As a result we have a difference between the
policy of no net loss and the political process by which society and private land
owners are determining what they are willing to endure.

Finally, in retrospect, if the information community had been in a position to
implement a national wetland information resource before and in anticipation of
the private regulation stage, it is likely that much of the present technical chaos,
overlapping information collection mandates, and institutional inaction could
have been substantially reduced. Therefore, the MSC finds that consistent and
clear policy along with an understanding of the diffusion of information are
required if the wetland components of the NSDI are to be strengthened,

CONCLUSION

We conclude that the FGDC, through its Subcommittee on Wetlands, 
needs to reconcile the technical and institutional issues that impede our
nation's ability to efficiently and effectively map, assess, monitor, and
automate wetland information. To accomplish this reconciliation, the FGDC
needs to exercise its coordination authority that
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Figure 6.2
Proposed model for diffusion of wetland information.
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resides in the OMB revised Circular A-16 and to develop and implement a
wetland information diffusion model that is responsive to both policy and
regulatory requirements. Many of the necessary reconciliation efforts are outlined
in Appendix A.
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7

SHARING OF SPATIAL DATA

With the increasing availability and use of geographic information systems,
many governmental organizations, private companies, and academic researchers
have the capacity to greatly expand the quantity, accuracy, and type of spatially
referenced data available. With this capacity also comes the potential for
substantial duplication of effort or the underutilization of valuable information
that often has been created at considerable cost and effort.

RATIONALE FOR A SPATIAL DATA SHARING PROGRAM

Objectives

The principal objective of a spatial data sharing program is to increase
benefits to society arising from the availability of spatial data. The benefits will
accrue through the reduction of duplication of effort in collecting and maintaining
of spatial data as well as through the increased use of this potentially valuable
information. The exposure of these data to a wider community of users may also
result in improvements in the quality of the data. This will eventually benefit the
donor and other users.

The focus of a spatial data sharing program should be on increasing access to
spatial data that are collected with the direct or indirect support of public funds. A
spatial data sharing program should not displace the role of the private sector in
providing value-added products and services
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associated with the utilization of this spatial data. It should, on the contrary,
result in a rich environment for developing new business opportunities and
enhancing economic growth.

Examples of Data Sharing Programs

The concept of sharing spatial data is not new. Examples can be found at
federal, state, and local levels. The following two examples illustrate the types of
efforts and benefits that can be derived from spatial data sharing. These examples
cover two important types of baseline spatial data: geodetic detail and land parcel
definition. There are many other kinds of spatial data as described elsewhere in
this report, and there are enormous opportunities to reduce costs and increase
user benefits through joint collection and sharing of spatial data. Data describing
the location of a wide variety of phenomena can be shared: soil characteristics,
wetlands, wildlife, hydrology, transportation systems, land use, and
demographics, to name a few. All can be improved by organized joint efforts for
their collection and distribution.

National Geodetic Reference System1

A number of incentives for data sharing and other forms of cooperation
appear to have worked, and in some cases, very well. In 1980, for example, the
NGS published standards for the submission of geodetic information to NGS.
These volumes, known as the ''Blue Book" (Federal Geodetic Coordinating
Committee—FGCC, 1980, 1989), provided the specific descriptive information
and formats for the mandatory and optional data elements for vertical (bench
marks) and horizontal control data for inclusion in the National Geodetic
Reference System (NGRS). The third volume of the trilogy, covering gravity
control data, was published in 1983 (FGCC, 1983).

The Blue Book has evolved over the years in response to changes in
surveying technology. For example Volume 1, Horizontal Control Data , was
revised in January 1989 to include Global Positioning System (GPS) data
submission and new formats for an improved, unified publication

1 Information was supplied by Gary M. Young and Richard A. Yorczyk of the National
Geodetic Survey in March 1992.
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format for the descriptions that accompany published control-point values. As
circumstances require, Blue Book requirements have been relaxed to
accommodate unique situations. The USGS, in cooperation with the NGS, is
currently converting much of its remaining third-order leveling data to
computer-readable form so that these data can be incorporated into the North
American Vertical Datum of 1988 (NAVD 88). This work is being accomplished
with customized NGS software. The 10-year effort will eventually incorporate
about 500,000 USGS bench marks into NAVD 88, thus vastly increasing the
usefulness of the NGRS both in traditional leveling applications and through
improved geoid modeling of regions that would otherwise be deficient.

This data sharing program works because the donors (private, county, state,
and other federal organizations) want to ensure the accuracy of the points they
observed (or had contractors observe) and earn NGS's stamp of approval as the
nation's highest authority on geodetic control. It also provides the mechanism for
the publication of officially sanctioned values, the national distribution of these
values, and automatic updates of the data when future readjustments of NGRS are
performed. Increasing the distribution of geodetic data in turn leads to an
increased frequency of reuse of the control points by local and regional users,
where each instance saves either private or public funds.

The NGS has received data from outside users for 65,000 horizontal control
points since 1980, There has been a total of 36,000 km of geodetic leveling
submitted to NGS by other organizations since 1980. A similar effort to gather
private gravity data is currently under way. These gravity data will also be used to
improve geoid height modeling, an essential requirement for accurate GPS-
derived orthometric heights. The cost savings to NGS for these horizontal and
vertical data conservatively can estimated at about $79.4 million (65,000 points ×
$1,000 per horizontal point = $65,000,000 and 36,000 km × $400/km of vertical
data = $14,400,000).

North Carolina Land Records Management Program2

North Carolina has had a very active land records modernization effort since
the inception of the Land Records Management Program

2 Information supplied by Don Holloway, private consultant, on March 1992.
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(LMRP) in 1977. The legislation provided for financial and technical assistance
to local governments in the following areas: base maps, cadastral maps, a uniform
system of parcel identifiers, and automation of land records.

One of the first major efforts was to develop standards for base and
cadastral mapping and to arrive at a uniform parcel identifier. It was beneficial to
the program that the Canadian project in Maritime Provinces of Canada was
underway and the report from the National Research Council, The Need for a
Multipurpose Cadastre (Committee on Geodesy, 1980), was published. These
two major efforts were used in developing standards. Representatives from most
state agencies and local government agencies that would be involved or benefit
from the program participated in developing the standards.

Base maps (orthophoto and planimetric) were prepared on the State Plane
Coordinate System, and a geo-coded parcel identification system was developed.
Mapping on the State Plane Coordinate System was assisted by the fact that the
North Carolina had a Geodetic Survey Office in place to establish and maintain a
system of horizontal and vertical control monuments across the state. This office
often gave priority to local governments in establishing additional control for
mapping programs. Most counties elected to develop orthophoto base maps that
were used to assist in the development of the cadastral maps. The photo image
proved to be quite useful in establishing parcel boundary lines in this metes-and-
bounds state. The photo image was also much better understood by the general
public than was the planimetric map.

The fourth area of the program—automation—presented some interesting
challenges in that many local governments had already begun automating their
land records. It did not seem practical or feasible to standardize hardware systems
across the state. Instead of standardizing computer systems, North Carolina opted
to update, verify, and improve the data base as they developed the cadastral
maps. This proved to be quite beneficial because many properties had not recently
or ever been surveyed, and conflicts between property boundaries were
discovered. In turn, property owners were notified of a potential problem and
surveys ensued. The surveys were used to update the cadastral maps and data
files.

North Carolina's financial assistance program of up to 50% of the total cost
was important in the success of the program but not overriding. The state was
willing to provide some seed money and establish the LRMP
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to provide assistance, which was more important in encouraging local
governments in proceeding with this major effort than were the funds received. In
presentations to local governments, the state always stressed that they should not
proceed with a land records project because they would receive matching funds
from the state, but because there was a need for more effective and efficient local
government. Time has shown that North Carolina local governments have indeed
benefitted from this effort.

During this process of assisting local governments in North Carolina, many
side benefits were realized. Cooperation between the state and the counties began
to evolve. Most of the counties had or were in the process of developing soil
maps. This was a cooperative effort by the state, counties, and the SCS. As North
Carolina moved into the digital mapping arena, duplication of effort in the soils
mapping area was eliminated and sharing of soils files was effected.

In 1977 the state had established a Land Resource Information Service. This
program was to establish and maintain a digital land based system for the state.
Soils mapping was one layer that was needed and made possible because the
counties were well on their way in developing soil maps. As the counties began to
enter the digital environment, they agreed to provide the state copies of the soils
mapping digital files, thus eliminating the cost to digitize the soils mapping. The
state also agreed to furnish local governments copies of soil mapping files that
had already been digitized, thus reducing the cost to local governments for this
layer in the local data base. Forty-one of North Carolina's counties currently have
digital mapping capabilities.

The LRMP also led to improved cooperation between state and federal
agencies regarding land records. One legislative study committee learned that a
federal agency and a county were having aerial photography flown on the same
day at the same scale of the same area. Furthermore, the aircraft were in the same
airport. This incident caused the legislative study committee to direct the LRMP
to set up a meeting with all federal agencies that might be acquiring aerial
photography in North Carolina to achieve greater cooperation between the state
and the federal governments. This meeting did take place and proved to be most
beneficial. Much greater cooperation was achieved, especially with the SCS and
the USFS. This effort was greatly assisted by North Carolina's Geodetic Survey
Office, which had a long-time association with the NGS.
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A PROPOSED SPATIAL DATA SHARING PROGRAM

The MSC envisions a system that enables digital spatial data collected by
nonfederal institutions (e.g., state and local governments and the private sector) to
be integrated into the national spatial data coverage. The spatial data sharing
program for the NSDI should provide access to digital geographic base data of
known quality and currency through a limited number of access nodes linked to a
fully decentralized communication system. We envision a system of spatial data
servers, owned and operated by institutions authorized by the FGDC, to be the
custodians of the data in question. These institutions are regarded as coproducers
of the data as the data are produced according to previously agreed-upon
standards with mechanisms in place to ensure their quality. To be successful the
spatial data sharing program needs to have real benefits or incentives for both the
donor and recipient of the data. A conceptual model of the program is shown in
Figure 7. 1; other details are given with Figure 7.2 and accompanying text.

Key Concepts

Types of Spatial Data

The NSDI consists of geographic base data and other spatial data. Base data
are a primary geographic spatial reference that is produced to a recognized
standard of accuracy and is subjected to certified quality assurance programs.
Typically this is the type of data produced by federal and state agencies
responsible for cartographic products (see Table 4.2). Other spatial data are
available from a variety of producers whose standards for spatial accuracy may
not be as rigorous. Data that are of less precise locational control often contain
valuable supplementary information that cannot be found from base data sources;
these data would include those representing a higher degree of currency or those
of a thematic nature. These two types of spatial data can be treated somewhat
differently within the NSDI as proposed in Table 7. 1.

SHARING OF SPATIAL DATA 94

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

,
an

d 
so

m
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Toward a Coordinated Spatial Data Infrastructure for the Nation 
http://www.nap.edu/catalog/2105.html

http://www.nap.edu/catalog/2105.html


Figure 7.1
Components of a spatial data sharing program.
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Figure 7.2
Representative procedures in a spatial data sharing program.
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TABLE 7.1 Treatment of Base Data and Other Spatial Data Within the Proposed
Program
Characteristics Base Data Other Spatial Data
Accuracy standards, quality
assurance, and independent
certification

Must comply Statement of estimated
accuracy

Cost sharing between co-
producers

Available/ encouraged Encouraged

Include metadata descriptor Required Required
Comply with Spatial Data
Transfer Standard

Must comply Must comply

Metadata servers One or a few Many
Spatial data servers Possibly many Many

Quality Assurance for Base Data

In the NSDI accuracy standards will need to be set for base data. We
anticipate that these standards will continue to be established by the federal
agencies with specific responsibility for different geographic features (as per
OMB Circular A-16). These standards should be coordinated and disseminated as
NSDI standards through the FGDC.

Metadata

An important aspect of data access and retrieval is knowledge of their
existence, contents, and fitness for an application. This knowledge is referred to
as metadata, or data about information. Metadata describe the content, ancestry
and source, quality, data base schema, and accuracy of data. Metadata support
data sharing by providing information on many aspects of spatial data, each
aspect having meaning in particular application contexts. Metadata that describe
data base contents include data dictionaries and definitions, attribute ranges, and
data types. The origin or
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ancstry of data is critical for ascertaining the validity and suitability of data.
The metadata file descriptors are an important part of the SDTS. The

development of the metadata standards and protocols will enable the creation of
an easily accessible, networked data base that can be searched, preferably on-
line, by the users seeking particular types of information. These metadata bases
may also be used in the future to determine data gaps or duplication in the public
national data base.

NSDI Spatial Data Sharing Program

The proposed spatial data sharing program (Figure 7.1) in many respects
represents a combination of elements of both the Geodetic Advisor Program of
the National Geodetic Survey System and the North Carolina LRMP (discussed
above). Figure 7.2 shows how such a sharing program might be implemented.

State-level spatial data advisors (similar to the existing state-level geodetic
advisor) would determine what base data being collected (or planned to be
collected) within their state might be suitable for incorporation into the National
Geographic Data System (NGDS). An advisor would contact the appropriate
federal agency (presumably the lead agency on the FGDC for the data category
of concern) to determine whether a given data set might be included in the
federal data sets. If the federal agency agrees to consider these additional data, a
plan would be developed for providing work sharing or partial reimbursement of
costs for the collection of such data. Elements of this approach currently exist on
an ad hoc arrangement between some federal agencies and states; these often
include either work-share or cost-share agreements. If the data collection is
planned, the federal agency would work with the nonfederal entity to build into
the data collection program the appropriate standards, accuracy, and quality
control of the resulting data. If the nonfederal data sets of interest currently exist,
the federal agency would evaluate the potentially donated data sets.

Such data sets would be provided by those who collected the data (potential
donors) to the appropriate federal agency in a standard format for a quality
assurance and quality control (QA/QC) analysis. If the data set fails to meet the
established QA/QC criteria, the data would be returned to the donor. If the data
set meets the QA/QC criteria, the next question would be if generalization of the
data (e.g., from a large scale to a smaller standard scale) is necessary. If
generalization is needed, the appropriate
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ness of the algorithms would be determined. If these were not acceptable, the data
would be returned to the donor. If the generalization algorithms are acceptable or
if generalization is not necessary, the federal agency would develop the
appropriate metadata files for the data set and incorporate the data set into the
national base.

The incentives for donors to submit their data to be considered in the
national base would be threefold. First, a portion of the costs of data collection
would be rebated to the collector, the amount being coordinated and negotiated by
the state-level advisor with the federal agency; if the data are not yet collected,
then work-or cost-sharing arrangements might be struck. Second, the donors
would have the assurance that the data they collected (or had contractors collect)
meet accepted national standards and have been subjected to an independent
QA/QC analysis. Third, the program provides the mechanism for the broad
national distribution of these data and other data in addition to updates of the data
when future revisions are made from other donor sources.

A number of questions remain unanswered, all of which will require further
analysis in developing a workable data sharing system. These include (1) How
should the state data advisors be funded? (2) Can a single advisor handle the flow
of data from the respective state? (3) What scales should be allowed? (4) What
agencies should be responsible for the QA/QC? Should it be the lead agency
designated by FGDC? (5) Should that same agency be responsible for developing
the metadata files? (6) Who returns a portion of the data collection costs to the
data donor? Is this a function of the agency that has stewardship of a given data
type or layer within a broad National Geographic Data System (FGDC, 1991)?

Guidelines for System Implementation

Who Donates?

Currently there are many federal government agencies providing their data
to the public on a timely basis and at a nominal cost. The quantity and quality of
information that can be obtained through federal government agencies is
extremely rich and has been used in countless applications. For example, the
availability of TIGER geography, national base mapping (USGS), and other
national and international spatial data (through NOAA, SCS, DMA, and others)
has provided many individual users and organiza
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tions with an opportunity to leverage their own activities and avoid unnecessarily
duplicating effort.

Clearly all federal government agencies should be participants in a spatial
data sharing program. Similarly, state agencies and local governments involved in
the collection of base data (see Table 4.2) could and should be active
participants. For example, local governments are most directly involved with new
street names and address ranges.

Apart from government agencies funded directly by tax revenues and private
companies or academic institutions that may gather spatial data with the use of
direct public funding, there should be no requirement that compels any
organization to become a data donor. Public-spirited private companies and
academic institutions may voluntarily elect to participate in a spatial data sharing
program as a result of their own belief in the value and importance of sharing
certain data with the rest of society; the exchange of such data for cost-equivalent
access to other shared data would be another incentive for private companies.

What Data Are Donated?

A spatial data sharing program should place special emphasis on the
collection and dissemination of primary or base data. What do we mean by base
data? Are TIGER data, for example, a base data set or are they partly derived
(from DLG) data? These are thorny issues that will arise with any sharing
program, and it may not be prudent to attempt to exclude any type of data from
the program. Rather, the emphasis may need to be placed on ensuring that the
ancestry of any spatial data is unambiguously documented so that the user is fully
aware of its origins and limitations. In some instances there may be some
justification to disseminate spatial data that are clearly secondary (i.e., derived
from a primary data source). The justification for dissemination of these data may
be that the process of transforming the primary data into secondary data is very
time consuming and that most work is with the data in the secondary form.

There are, however, certain types of base data that help form the structural
backdrop for a large number of currently collected spatial data. In defining the
base data for a NSDI, the information that is basic to one user may be selective to
another and vice versa. However, in this report we refer to base data as the
information required to establish a basic reference to the Earth's surface. To this
basic data set can be added features, attributes, and other intrinsic information.
However, it defines a
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clear framework to reference data from many sources. In defining base data it
quickly becomes apparent that accuracy and detail of content vary by use and
scale of operation. Therefore, we have selected four levels to be used in reference
to base data (see Table 4.2). Finally, for brevity and understanding we avoided a
detailed set of specifications and approached the task by relating it to map scales,
accuracies, and content. We realize that certain digital data are multiscale, but
accuracies and content are determined by scale.

A very important dimension of the spatial data sharing program would be
the emphasis placed on adhering to standards. The program should endorse one
or two standard data transfer formats as the official currency of trade in the
program (e.g., SDTS, VPF). There will be some questions here as to whether
large quantities of information available in previously used government standards
should be or need to be converted to any new standard before becoming available
through the spatial data sharing program. This may require a transition strategy.
In the long term, the spatial data sharing program should encourage the use of a
limited number of standards. The standards should be publicly accessible and not
proprietary. GIS software companies will eventually respond through the normal
forces of the market and enable their software to both read and write to the
standards required by the spatial data sharing program.

In addition to a file format standard, there needs to be a metadata file
describing the content, ancestry, quality, and accuracy of the data being made
available. Such information is proposed to be part of SDTS. Consideration should
be given to embedding the metadata file descriptor in the programs' selected
transfer standard. The development of the metadata standard will enable the
creation of data bases that can be accessed and searched by users seeking
particular types of information. These metadata bases may also be used to
determine where there may be data gaps or duplication in the public national data
base. Before a few years ago, strong arguments could have been made for a
centralized catalog or metadata directory. There are developing computer
networks, through such programs as the National Research and Education
Network (NREN) of the High Performance Computing and Communications
Program, that will enable the establishment of a distributed metadata directory
system (assuming that standards and protocols are invoked). These networks can
also provide a mechanism for data distribution; however, the desirability of this
can be dependent on the data transfer rates and the slowest component on the
network.
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The spatial data sharing program may provide access to other components
(other than data) of the infrastructure. Some of these components might include
people, software, and facilities. The spatial data sharing program should be
designed to accommodate such components in the future. An exception to this
might be the availability of data translator software, for example, which converts
spatial data in a file format not supported under the spatial data sharing program
into an acceptable format. This would enable organizations with very large
inventories of spatial data in unacceptable format to allow users to convert this
information with their own time and effort.

What Are the Incentives and Requirements to Donate and Distribute?

The incentive to donate information to the spatial data sharing program will
in part have to be driven by a public sense of responsibility and a recognition that
in many instances the beneficiaries of the program will be the data donors
themselves. In turn the donors will be able to reduce their costs by avoiding the
collection of redundant and duplicate information. Additionally, the donors might
receive a rebate to help offset the costs associated with the data collection or
assistance through work-or cost-share programs. An important incentive for those
participating in sharing of base data might be an independent assessment of data
quality.

Federal agencies have little incentive to incur the incremental expense of
adhering to standards and coordinating activities with other agencies when
undertaking a spatial data generation program. There is currently no means by
which the potential users of those data could share in the additional incurred
costs, and therefore in periods of tight budgets agencies tend to do the minimum
that is necessary to perform their basic mission.

In this environment it may be helpful if the federal government adopt a
general statement of policy that spatial data created by any federal agency be
made available in accordance with standards. Other agencies requesting the data
should be prepared to bear the additional costs of adherence to standards. To
ensure compliance this policy should be made a part of each agency's annual
appropriations. The benefit of the standardization of data to all governmental
agencies—federal, state, and local—and to the private sector is such that this
incremental cost will be recovered to the federal treasury over time as direct
savings in government programs and in increased efficiency in the private sector.
This assertion is borne out in the many studies done on benefits of the use of GIS
(see Chapter 3).
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Additionally, the FGDC should assure the OMB that proposed federal
programs that will gather significant quantities of spatial data will not duplicate
data that already exist. The OMB, in their budget-examining role, should re on
the FGDC's assurance that proposed federal programs for spatial data are
nonduplicative.

The federal government could substantially influence participation of state
and local governments by making it a requirement of its numerous grant
programs that if spatial data are collected, these data are made available through
the spatial data sharing program.

What Are the Rules for Usage?

Access to spatial data under the sharing program should be available to
everyone. In some instances agencies may wish to restrict the usage of spatial
data to particular target groups, but it can be argued that the administrative effort
required to establish the credentials or appropriate conditions for exclusive access
are too difficult to administer and add unnecessary costs. The essence of the
spatial data sharing program should be to disseminate information that by its very
nature is in the public domain.

In this respect there should also be no restriction for usage. Private
companies should be able to freely access this information to build value-added
products or services. Although no restrictions would apply, it may be an
advantage of the program to ensure that organizations, private or public, that use
data under the spatial data sharing program must acknowledge the donor (by
adopting the metadata file descriptor) so that the consumer can be fully informed
of its origins.

The FGDC needs to further investigate the legal liability for the quality and
accuracy of donated spatial data. This is an extremely important dimension that
needs to be addressed promptly so that it does not become a constraint to the
success of the program.

Who Supports the Users?

The availability of spatial data will result in consumer questions about the
data. Questions may be associated with the technical format of the data or relate
to the data content. The increased availability could result in an initial additional
burden being placed on many organizations to answer questions about their data
and data-collection activities. This is an
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inevitable consequence of increased public scrutiny and awareness of spatial
data. Some organizations participating in the program will find that they need to
place more effort in improving data dictionaries and other documentation
regarding their data products. Although initially there may be some difficult
adjustments, in the long term a spatial data sharing program will lead to an
improvement in the value and accuracy of donor data-gathering activities. In
addition, for data sharing to succeed beyond the original use of the data, a
mechanism for continued data maintenance must be built into any support
mechanism.

In some instances, agencies may be reluctant to participate in the program
because of their concern that the increased public awareness of their spatial data
may disrupt their ongoing programs. Although the MSC has some sympathy for
the management of these organizations, the public's right to know and use these
data must be the paramount consideration.

MECHANISMS FOR IMPLEMENTING A SPATIAL DATA
SHARING PROGRAM

The proposed spatial data sharing program must do more than just
disseminate spatial data collected by federal agencies. The richness and utility of
the program is substantially enhanced by having participation of donors from
state and local governments, academic, and the private sector. Unfortunately,
there is no current mechanism in place for such participation in the operation of a
program of this nature. A challenge in establishing the spatial data sharing
program is, therefore, to determine whether this can occur without a formal
organizational structure or, if necessary, what the optimum structure would be.
An additional and formidable challenge is how the spatial data sharing program
should be funded to be successful.

The FGDC is the federal program with the objectives and intent most
comparable with this program, albeit without funds. The MSC believes that at
this time the FGDC should assume the initial leadership role to embrace the
broader scope of this proposed spatial data sharing program.

The FGDC should establish a data sharing committee with the objective of
providing the policy making and leadership to launch, maintain, and operate the
proposed program. Membership of the committee would consist of
representatives from the federal community (FGDC)
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as well as appointed/invited representatives from state and local governments as
well as academia and the private sector.

The data sharing committee would not be responsible for any operational
programs other than establishing policies, monitoring and evaluating the
performance of the program, and communicating the existence and value of the
program. The principal policy areas that the committee should address include the
following:

•   data standards policy,
•   depository policy,
•   distribution policy, and
•   cost sharing policy.

The data standards policy responsibilities would include defining from a
technical viewpoint the proposed metadata model for describing and categorizing
spatial data donated under the program. Under this umbrella the committee could
also select those federal data standards that would be accepted under the program
(SDTS, TIGER, etc.). Finally, and at a high level, the committee may also wish to
endorse the dissemination of certain federal conversion utilities that exchange
data from one federal standard to another.

The depository policy role of the committee should be to establish
guidelines for how federal agencies should participate in and comply with the
program. Guidelines or recommended regulations could also be drafted for how
federally funded cost-shared projects and programs ought to make spatially
referenced data available. Guidelines and legal conditions and liability limitations
for organizations and agencies volunteering to deposit data under the program
could also be documented.

The distribution policy for the spatial data sharing program would be defined
for both the metadata base as well as the specific geographic data files. Costs
associated with fulfilling the distribution of the data should be borne by the end
user (consistent with current federal policy on data distribution). Guidelines for
technical user support should also be specified under the distribution policy.

The operation of the spatial data sharing program will require some
financial resources, but the bulk of the operational costs should be borne by the
donors and recipients of data from the program. The overhead associated with the
operation of the committee and the maintenance and
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distribution of the metadata base should be funded initially through the FGDC.
The first few years of the implementation of such a program will

undoubtedly expose many issues and difficulties, some of which may not be easy
to resolve or reconcile. These difficulties should not be permitted to distract from
the central theme of this initiative that a cooperative environment can greatly
benefit the nation. Although some initial financial support from federal agencies
may be required to initiate this program, the MSC believes that the benefits of
this investment will greatly outweigh the initial costs.

SPATIAL DATA CATALOGS

As mentioned previously, one of the needs for a robust NSDI is a mechanism
for identifying the full range of spatial data collected, where the data are stored,
who controls access to the data, the data content, the metadata, and the areas of
data coverage. Spatial data catalogs provide an important component of the
NSDI, one that can be established by using distributed computer networks.

Distributed Data Catalogs

Software can provide on-line search capabilities of catalogs of spatial and
other data that are resident on a computer connected to a network of other
computers. Such a capability, however, requires that the data catalogs be
accessible in a standard protocol on the servers. The goal is to have information
searches coherent across different services.

One such program is WAIS, which is a public-domain software program
developed jointly by Dow Jones News Service, Peat Marwick, Apple Computer,
Thinking Machines, Inc., and others. WAIS uses the Z39.50 protocol and the
Internet computer network of networks to scan, search, and often access existing
data bases. The Z39.50 standard or protocol that allows WAIS and other software
to search distributed data bases is a product of the National Information
Standards Organization (NISO), accredited to the American National Standards
Institute (ANSI). Z39.50 is fully compatible with the NISO standard for library
catalogs (Z39.2), originally promulgated by the Library of Congress and known
as MARC (MAchine Readable Cataloguing), and has a corresponding
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International Standards Organization (ISO) standard. Computer-to-computer
interchanges, whether components of the Z39.50 protocol or of the content being
delivered, are precisely represented in a standard computer language known as
Abstract Syntax Notation (ASN.1).

WAIS implements Z39.50 in a client/server mode of computer interaction.
In a typical search for textual information, the client software prompts the user to
select which information sources to include in the search and to enter a search
request. Once the search request is entered, the client software converts the search
words to the standard information retrieval protocol (Z39.50) and presents the
search request in turn to each server associated with a selected source. The server
software takes the words and matches them to the contents of all documents in
each selected source. The client software receives search results from all of the
servers and presents to the user a list of all document or data base titles found.
When requested by the user, the client software requests the server to pass the
full contents of the document or metadata file and presents the document to the
user.

The use of such software evokes the experience of using a library. A library
user may begin by consulting a card catalogue or index or by asking a reference
librarian. At this point, the user is searching for documents based on a few key
words (e.g., subject, title) or names (e.g., author). The user reviews the
documents found and may note other key words or names that could lead to
additional relevant documents. A feedback situation develops as the user
modifies subsequent searches based on results found in prior searches. Ideally,
the user stops searching when all the most relevant documents are found.

Information Servers

Information servers using WAIS can be registered to a Directory of Servers
currently maintained on Internet by Thinking Machines. The registration entry
includes text information about the contents of the sources reachable through the
server, and this information is itself indexed for searching. Also listed is
information that will be used by the client software to contact the server (e.g.,
TCP/IP node name) as well as information on what and how to pay charges for
use of the server if it is not free. Indexing of text to create an information source
is fairly rapid, a 30 megabyte file was indexed in about 20 minutes on a Data
General Aviion (Eliot Christian, USGS, personal communication, 1992).
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Any server capable of responding to Z39.50 information retrieval requests
can be an information server. Information servers can be local (on the workstation
or local area network) as well as remote (accessible now via TCP/IP, in the future
via X.25 networks or asynchronous dial-up). WAIS does not require any central
coordination unless the server is to be advertised through the Directory of
Servers. In fact, an information server registered to the Directory of Servers can
itself act as a subordinate directory of servers administered locally. By describing
sources under various directories of servers, it is possible to organize the sources
in whatever relationships make sense and yet allow users to search as many
sources as desired.

One feature of WAIS that is allowed but not required by the Z39.50
protocol is that the client/server interaction is stateless: at the application level
each request from the client to the server is a separate process that is not
associated with any previous request. The server does not maintain information
about the client between requests. This feature is very significant for situations in
which a user may want to search hundreds of sources on dozens of servers at a
sitting.

Information Sources

Information servers provide access to the information sources placed on
them. These sources are compilations that may include a variety of formats. Such
formats are known as document types, although information need not be textual.
Although all Z39.50 clients and servers support search and retrieval of textual
information, support for other document types that may have been registered in
Z39.50 is negotiated when the client initiates a relation with a server.

When sources are created, defining the document types allows the server to
use the appropriate translation between the specific query format of the source
and the Z39.50 protocol. The public domain WAIS package includes assistance in
creating information sources and provides indexing software for several common
document types consisting of text, graphics, and bibliographic references in
MARC. Source code in the C programming language is provided for adding other
document types. If access to other data structures is required, the server interface
routines are also designed to be customized. A typical customization would be to
use search requests to access a relational data base using Structured Query
Language.
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Applications

The USGS is using WAIS to enhance the Earth Science Data Directory
(ESDD). The ESDD is maintained as a source for references to earth science
data, including many at the state level and a comprehensive list of data holdings
relevant for arctic research. WAIS is especially appropriate for that application,
because the ESDD user community ranges from local citizenry to international
global change researchers. The ability of WAIS to place the ESDD in the context
of other USGS and external information sources is especially powerful for these
users. The USGS intends to publish (and maintain) in the WAIS Directory of
Servers, a subordinate directory of servers focused on earth science data and
information.

The USGS is adding features required for ESDD (phrase searching, location
searching, and key word searching within fields), which can be accommodated
within WAIS. The USGS is also including the ability for a user of the client
software to drop from a WAIS session into an automated log-in to existing data
systems, such as the Global Land Information System (GLIS). With this
approach, users of the USGS/WAIS client software would be able to access any
Z39.50 server but would have additional capabilities when accessing one of the
USGS servers. The USGS is also using WAIS to access a clearinghouse of USGS
spatial data holdings.

The ESDD interfaces with the interagency Global Change Master Directory,
a single interagency source for references to key global change data. The global
change data management community is considering WAIS as an adjunct to the
Global Change Master Directory. As a data directory tool, it is possible to rapidly
correlate the Global Change Master Directory to existing data directories relevant
to global change research. For example, NOAA has a directory with about 25,000
data set references and the Inter-university Consortium for Political and Social
Research has another directory referencing about 28,000 data sets.

The ability of WAIS to handle different information sources through a single
user interface makes it possible for researchers to explore publications and data
sets concurrently. The federal research libraries involved in global change
research (primarily NASA, NOAA, USGS, and USDA) are very interested in the
potential for WAIS to bridge between the data and information worlds. Also,
WAIS is seen as a useful way to
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connect textual information with a data system. For example, when a user is
researching an existing data set, it would be useful to provide immediate access to
all of the associated documentation about that data set. The use of WAIS, the
associated documentation could extend beyond the data set itself to include
publications that reference the data set or engineering specifications of the
instruments used.
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8

CONCLUSIONS

The MSC concludes that the NSDI needs to be improved if we are to
succeed as a highly competitive nation. A great deal can be done to improve the
infrastructure and recommendations are presented in Chapter 9 to do that.

In doing so, we admit that we have taken a federal perspective, caused by
the fact that federal agencies fund the committee and hence get attention, and by
the background of the committee members. We plan to address state, local, and
private aspects more fully in a following report.

As previously stated, spatial information is in a period of transition between
traditional paper records—mostly maps—and sophisticated digital data bases.
These data bases will be increasingly important in a major paradigm shift in the
next decade. Chapter 4 addresses issues associated with another step toward this
new paradigm. In this chapter the MSC characterizes its vision of the new
paradigm.

Briefly, this new paradigm enables the customer to specify, over a computer
network, what kind of product is wanted rather than the present situation where
sales of an existing product are advertised. Goods will be ordered and paid for
electronically. A user will be able to drive down the street with a house you
might purchase while sitting at a computer. Some are presently using services
such as Prodigy© or Compuserve© to specify, for example, a subset of the Wall
Street Journal to look at each evening in contrast to looking at the entire
newspaper. Given these functions and many others that we cannot envision, we
begin by describing the principles of and proposed enhancements to the NSDI.
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IMPROVING THE NSDI

The Principles

There are four critical principles that need to guide the development of the
NSDI (after Dertouzos, 1991): availability, ease of use, flexibility, and a
foundation for other activities.

Availability

The NSDI is a national strategy and is not designed to serve the interests of
one level of government, one sector in society, or one geographical area. The data
should be available through public networks that have maximum user capacity or
other media (such as CD-ROM).

Ease of Use

Weiser (1991) notes that ''the most profound technologies are those that
disappear. They weave themselves into the fabric of everyday life until they are
indistinguishable from it." New generations of computer appliances and standard
software will help to take the use of spatial data from the hands of the technical
specialists. Accessing spatial data should become as easy as turning on a light
switch: the complexity of networks, standards, and data base structures should be
transparent to the user.

Flexibility

The NSDI cannot be dependent on the technology, data, or organizational
structures of today; it must be able to anticipate and manage growth. It must cater
to the needs of many different types of users and incorporate many types of data.
If the potential dissemination of spatial data is to be realized, for example, then
communication networks must be capable of handling a wide range of
transmission speeds to accommodate everything from simple text to four
dimensional animation.

Foundation for Other Activities

The infrastructure is not an end in itself but the means of realizing the value
of spatial information. Its purpose is to foster and not to control new applications,
services, and industries.
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The Components

The components of the NSDI include the data bases (and metadata) and
their sources, the spatial data networks and their users, the technology, the
institutional arrangements, and the policies and standards required to coordinate
all of the various parts (see Figure 3.1). The objective here is to sketch the NSDI
components as background for the issues involved and development of a master
plan.

Data Bases, Metadata, and Sources

Although many types of spatial data are now in digital format, conversion of
the base data (e.g., topography and land tenure) has been costly and slow. In a
national strategy, there is a need to identify priority data bases on the basis of a
solid understanding of user requirements and the NSDI potential. Or as
Dertouzos (1991) defines the problem:

". . .we, the designers and users of this information infrastructure, bear a
serious responsibility: we must understand the value and role of information so
that we may better channel our technological miracles into useful rather than
frivolous, if not dangerous, directions."

Because the potential sources and users of the data will range from federal
agencies to private local organizations, the priorities need to be determined in as
wide an environment as possible and not controlled by one particular sector.

An important subcomponent will be the metadata and standard tools for
geographical referencing. The development of directories incorporating these
metadata is an important feature of a robust NSDI because it is necessary for all
other applications. It is an achievable task in the short term, and nondigital or
incomplete databases can be incorporated. Special tools for displaying and
accessing geographically referenced information, such as electronic atlases, also
will be important in the NSDI.

Data Networks

The networks are the highways linking data bases and users in the NSDI.
This is not a vision of one coaxial cable running across America; in fact the
networks are referred to as clouds, indicating a complex
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configuration of communication media, data transmission schemes (e.g., packet
switching), traffic control mechanisms, and gateways connecting different
subnetworks (Cerf, 1991). For the NSDI, the objectives will include designing a
network configuration that will provide flexibility (e.g., varying transmission
speeds for different data formats), maximum national coverage and user
accessibility, and the security and reliability required for various types of
enquiries.

The NSDI network will be composed of many subsystems, including
dedicated telephone lines, local area networks, integrated-services networks
(ISDNs), and new communication systems designed to handle the increasing
volumes of heterogeneous data. For example, Broadband ISDN is currently being
investigated internationally by telephone companies as a means to provide a
common network for all communication services and information, in contrast to
the special networks now in use for different services such as voice, data, and
video (Cerf, 1991).

Technology

The NSDI provides a conduit for data. There must be intelligent connections
at each end, optimizing the management of the data bases at the source and
maximizing the potential application of the data by users. In between there will
be, for example, an array of common servers providing standardized information
services to users, gateways and query languages regulating the data flow, and
interfaces translating the data from one format at the source to another at the
user's terminal.

Negroponte (1991) emphasizes that "the added intelligence at each node and
at the ends of the network are what make the system work." One important trend
will be new types of terminals (e.g., writing tablets and wall screens) that will be
integrated into our lifestyles (Weiser, 1991). Other trends include open system
architecture (Tapscott, 1991); a greater use of artificial intelligence in managing
data, networks, and applications; and the use of groupware and easily
transportable application software. As Tesler (1991) points out "software . . . will
change more than any other element in the computing paradigm."

Institutional Arrangements

Whether the NSDI will be effective will depend more on institutional
arrangements than on technology. Without coordination of many different
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organizations and without leadership at the federal level, the NSDI will be
reduced to a series of projects of limited value and lifespan. As has been
demonstrated in previous ventures in spatial data sharing, organizational
cooperation is the critical ingredient that will make or break the best devised
plans.

The first steps will be to develop a common vision and to begin to build an
organizational structure that can manage the construction and maintenance of the
NSDI. Only then will it be possible to address the numerous legal, social, and
financial issues that form the NSDI institutional environment.

Policies and Standards

Policies and standards are the heart of the NSDI and have an impact on all
other components. Standards are the rules and common conventions that will
allow data to pass from source to user. They will affect all levels of the
infrastructure from technology and communication protocols to data content and
use. Open system architecture will reduce the issues related to data exchange
standards, but there are many other areas that will require agreement. In many
cases standards will be set outside the NSDI by, for example, system vendors and
network managers. Other standards, such as geographic referencing frameworks
for data integration, must be specifically addressed in a spatial data context (e.g.,
Lee and McLaughlin, 1991).

Policies, whether formal or informal, establish the environment within which
the NSDI will be developed and managed; they define the constraints and goals
and somewhat delineate the means by which the goals will be achieved. There are
numerous issues that need to be resolved, including the need for financial and
political commitment. Some policies will be at the data and technical level and
can largely be controlled by the organizations involved. Issues such as privacy
and accountability need to be addressed within broader legal and political
environments (e.g., Gore, 1991; Kozub, 1991).

Users

The users are given separate mention here because, in the flurry of designing
and implementing the NSDI, it will be easy to become immersed in the
technology, concepts, and data. Users probably will be the most mentioned group
and yet actually the least considered. Unless there are
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user communities and unless the NSDI is changed to meet their needs (i.e.,
enables them to do something new or something they already do more easily or
more cost efficiently), then the rationale for the NSDI falters (e.g., Weiser,
1991). That does not mean that all potential user groups or applications need to be
identified, but it does mean that users be considered as part of the total
infrastructure and that real rather than theoretical requirements are met.

A NEW STRATEGY

Given these principles and our findings, the MSC proposes a strategy for an
enhanced NSDI. Table 8.1 outlines some of the key activities that should be
included in such a plan.

There are several key activities that must be included in the NSDI. They are
described briefly below but are not presented in a chronological or stage-by-stage
manner because most activities will be both continuous and concurrent.

TABLE 8.1 Elements of a Strategy

• Obtain and maintain national commitment
• Evaluate requirements, constraints, and opportunities
• Evaluate the current status
• Determine priorities
• Develop coordination and organizational structures
• Assign roles and responsibilities
• Develop standards and policies
• Develop and monitor projects
• Identify and resolve the issues

Obtain and Maintain National Commitment

A continuing but strong commitment is needed at the outset. Commitment in
terms of financing, policies, and resources must be obtained first at the federal
level because it is a national strategy. However, it also will be important to
convince policy makers and governments at other levels of the need for
investment in the NSDI in the early organizational stages. Ongoing commitment
will be as crucial as the initial enthusiasm. Although this will depend on
economic, political, and other factors beyond the
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control of the NSDI organizations, one objective of the NSDI should be to show
tangible benefits in the early stages of development to demonstrate the feasibility
and the value of the initiative.

Evaluate Requirements, Constraints, and Opportunities

The determination of the various requirements, constraints, and
opportunities for an NSDI will involve on-going research with major investments
in the initial stages. The research must cover local to global considerations and be
concerned not only with data and technology requirements but also with the
management and institutional needs and constraints.

Research needs to be done to evaluate the current status of inventories of
data bases and sources, networks, and services together with their specific
characteristics. In addition to providing a basis for determining priorities, if
standardized and kept current, this inventory could be used to develop electronic
directories. Once again, the evaluation should go beyond the technical and data
level and look at organizations and other institutional concerns.

Determine Priorities

From the evaluations of the requirements and current status, the next step
will be to determine priorities. These will include priority data bases to be
included in the NSDI, priority issues that need to be resolved, and priority
services that should be made available.

Develop Coordination Mechanisms and Organizational
Structures

A wide range of options for coordinating bodies and structures to initiate and
manage the NSDI development should be investigated. Included in this review
should be examples from other countries that have national spatial data
organizations, such as Australia, Canada, and Germany, as well as examples from
other nationally based activities in the United States. The organizational
structures should be able to evolve to accommodate the changing priorities and
needs of the NSDI development.
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Assign Roles and Responsibilities

The development of the NSDI will involve not only the public sector (e.g.,
departments and committees) and major private organizations (e.g., private
network managers) but also academia and special organizations. The latter may,
for example, represent special citizen interests, small businesses, vendors, and
users such as environmental groups. One of the initial tasks within the
organizational arrangements will be to define the role that all such parties will
play and their specific responsibilities within the NSDI. At this stage the issue of
private sector involvement must be addressed at a policy and management level.

Develop Standards and Policies

A continuation of current research and coordination initiatives, particularly
at the federal level, this stage will be crucial in determining the data bases that
can be part of the infrastructure and in developing the information marketplace.

Develop and Monitor Projects

Building the NSDI will involve projects designed for the NSDI specifically
(e.g., a prototype spatial data network) and undertaken by external groups for
other purposes (e.g., distributed networks in municipal or state governments).
Internal projects will need coordination by the NSDI organizations; mechanisms
will also be required to identify and monitor external projects to determine their
impact on the NSDI.

Identify and Resolve Issues

A coordinated research strategy should be designed to identify and propose
solutions to the policy, management, and technical issues. At the technical level,
for example, one issue that should be addressed is the future requirements for
standards (i.e., beyond SDTS). Research funds and resources will have to be
identified at an early stage. The NSDI organizations will also be responsible for
ensuring that the issues are resolved through policy, legislation, regulation,
agreements, or other means.
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9

RECOMMENDATIONS

1. Effective national policies, strategies, and organizational structures 
need to be established at the federal level for the integration of national
spatial data collection, use, and distribution.

Experience has proven that certain data are required by every critical
national program, for example, environmental cleanup, urban development,
disaster relief, health care and disease control, industrial development, and
transportation control and expansion. Lack of quality spatial data remains an
impediment to industry and government efforts to address these critical national
issues. Therefore, national policy goals should denote the concept of an NSDI as
well as a strategy, and a time table for implementation must be set in motion.

The functions of an information organization, wherever assigned, should be
(1) coordination of data collection activities, that is, to ensure quality data in
standard formats and eliminate costly duplication of data collection; (2)
development and coordination of standards; (3) assurance that data are easily
accessible to the public through a catalog (or protocols for a distributed,
networked catalog) of the data, including metadata or data about data; and (4)
definition of incentives for a data donor/sharing program.

When these considerations are viewed in the context of the information age,
maintaining national competitiveness in certain technologies, and the oft-stated
desire to reduce bureaucracy, the need for a high level government-wide focus on
spatial data is obvious. In our opinion this focus can best be accomplished by a
government-wide reorganization. However, this has been attempted at periodic
intervals and has failed. Pressures in the marketplace and public demands for
better utilization of our informational resources make this option worthy of
reconsideration.
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Other options include an independent information agency, but that too is
probably impractical. Other organizational possibilities are government-owned
corporations such as the Tennessee Valley Authority or a council. These are also
difficult to establish. The most practical solution, although not our choice in the
best of all worlds, would be to strengthen or augment programs in existing
agencies or departments.

Although most of the civilian mapping authority has traditionally been
associated with agencies within the Department of the Interior, we assert that an
equally acceptable site for a spatial information authority would be within the
Department of Commerce. The Department of Commerce should be considered
as a possible location for the NSDI authority both because of the important
contributions that the private sector will make to the infrastructure and because of
the implications for economic development and international competitiveness
associated with the NSDI. Within Commerce, the Bureau of the Census has
major responsibilities in collecting and analyzing a wide variety of information
that is spatially referenced and created the TIGER spatial data set, which was
designed for the 1990 census. The National Institute of Standards and Technology
(NIST) has been involved in the SDTS process and other standard setting
activities; standards are an important part of their mandate. Also within
Commerce, the NOAA has significant data collection functions housed within the
National Ocean Service and large data centers within the National Environmental
Satellite and Data and Information Services. The vast majority of spatial data that
are collected within the United States have either economic or environmental
uses, which also makes the Department of Commerce a logical home for an
information-based authority. In either case, this program deserves priority
consideration at the cabinet level and requires the backing of legislation
specifying required funds and objectives.

2. The Federal Geographic Data Committee (FGDC), which operates
under the aegis of the Office of Management and Budget (OMB), should
continue to be the working body of the agencies to coordinate the
interagency program as defined in OMB Circular A-16. However,
strengthening the charter and programs of the FGDC are needed to

•   expand the development and speed the creation and
implementation of standards (content, quality, performance, and
exchange), procedures, and specifications for spatially referenced
digital data, and
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•   create a series of incentives, particularly among federal agencies, 
that would maximize the sharing of spatial data and minimize the 
redundancy of spatial data collection.

Although the Spatial Data Transfer Standard (SDTS) has become a FIPS
(FIPS-173), the fact remains that there is no common data exchange mechanism
in the federal government. Further effort required includes the development of a
variety of implementations of the SDTS and its extension and generalization to
accommodate those essential data elements desired by data users. It is
increasingly important to spatial data users to be able to communicate among
various vendors' systems, and this interchange is possible only through the use of
sophisticated and complete data transfer standards. The leadership and
participation of the FGDC will continue to be important in establishing and
implementing standards throughout the federal government and underscore the
criticality of sharing and integrating digital data to meet national needs.

The incentive to share spatial data for public use will in part need to be
driven by a public sense of responsibility and a recognition that in many instances
the beneficiaries of sharing will be those who allow their data to be shared
because they in turn will be able to reduce their costs by avoiding the collection
of redundant and duplicate information. Government agencies have little
incentive to incur the incremental expense of adhering to standards and
coordinating such activities with other agencies when undertaking a spatial data
generation program. There needs to be incentives to promote sharing and
coordination of spatial data activities.

In fulfillment of the FGDC's mission, the following specific actions within
this recommendation include:

•   The FGDC should be empowered to help ensure that proposals to
generate spatial data do not duplicate data in existing data bases that
could be processed to accepted standards to satisfy the proposed
purpose.

•   The OMB should work with the FGDC to increase the budget planning
allowance for each FGDC member agency as a means for obtaining
funding to ensure compliance with national spatial data standards and
minimize duplication of effort, implement the SDTS federal profile
consistently across the federal government, and ensure SDTS library
services to all users (federal, state, local, and private).

•   To execute its mission effectively, the FGDC should include staff
functions for lead agencies for a specific data type; assist with cataloging
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of federal spatial data bases; verify that data bases are maintained and
updated; provide liaison with state, local, and private agencies that either
generate or use data of a specific category; and begin establishing the
National Geographic Data System.

•   The FGDC should consider establishing an additional subcommittee on
national cooperative digital land bases. The subcommittee should be
charged with developing within a 2-year period a plan and program for
the development and maintenance of national cooperative digital land
bases. Representation on the subcommittee should include the diverse
interests found within all levels of government.

•   The FGDC should evaluate the potential benefits of amalgamation and
augmentation of the three independent street centerline spatial data base
(SCSD) efforts now under way within the federal government.
Substantial redundancies can be avoided by combining the contents of
TIGER, ZIP + 4, and the transportation layer of the 1:24,000 DLGs into
one integrated data base and establishing ways for other organizations to
attach specific attributes to a centralized resource under constant
maintenance.

•   An institutional and/or organizational structure should be developed to
focus and encourage the many local initiatives for improvements in
TIGER, ZIP + 4, and DLG data sets. A mechanism needs to be
established to accept enhancements to the SCSD while maintaining
specified accuracy standards.

•   The FGDC, through its Subcommittee on Wetlands, needs to reconcile
the definitional and technical issues that impede our nation's ability to
efficiently and effectively map, assess, monitor, and automate wetlands
information.

3. Procedures should be established to foster ready access to
information describing spatial data available within government and the
private sector through existing networks, thereby providing on-line access by
the public in the form of directories and catalogs. Information dissemination
by federal agencies is included in the proposed revisions to OMB Circular A-130
(Federal Register, 57(83), p. 18300), which states: ''Agencies shall maintain and
implement a management system for all information products which shall, at a
minimum . . . (c) Establish and maintain inventories of all agency information
products; (d) Develop such other aids to locating information products
disseminated by the agency, including catalogs and directories . . .." Participation
of nonfederal

RECOMMENDATIONS 123

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

,
an

d 
so

m
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Toward a Coordinated Spatial Data Infrastructure for the Nation 
http://www.nap.edu/catalog/2105.html

http://www.nap.edu/catalog/2105.html


governmental agencies and the private sector would be voluntary (see Chapter 7
for discussion of a spatial data sharing program).

An increasingly important class of information is metadata, which describe
or annotate in some way the characteristics of the data. Examples of metadata
might be how to access data, their ancestry, location, quality, validity, and
accuracy. Directories and catalogs may represent both metadata and information.
Such directories will become one othe gateway mechanisms for information
access.

Consideration should be given to embedding the metadata file descriptor in
the transfer standard. The development of the metadata standard will enable the
creation of a distributed data base that can be accessed and searched by users
seeking particular types of information. This metadata base may also be used to
determine where there may be data gaps or duplication in any public national data
base.

Capabilities for accessing and searching multiple data directories in diverse
locations over computer networks (e.g., NREN or Internet) are being developed.
These capabilities enable the stewardship of federal spatial data bases to remain
with the originating (or lead) agency as defined in OMB Circular A-16 while still
making the metadata, and ultimately the data per se, available. These network
systems mean that one agency does not have to build a centralized catalog system
while continually trying to coax other agencies to submit their metadata in a
timely manner. With the adoption of standards and protocols (e.g., Z39.50) and
acceptance of the distributive network concept, the first steps to a cooperative
spatial data infrastructure will be in place.

In this environment it may be helpful if the federal government adopt a
general statement of policy that spatial data created by any federal agency be
made available in accordance with standards. To ensure compliance, this policy
should be made a part of each agency's annual appropriations. The benefit of the
standardization of data among all governmental agencies (federal, state, and
local) and the private sector is such that this incremental cost will be recovered to
the federal treasury over time as direct savings on government programs and in
increased efficiency in the private realm.

4. A spatial data sharing program should be established to enrich 
national spatial data coverage, minimize redundant data collection at all
levels, and create new opportunities for the use of spatial data throughout
the nation. Specific funding and budgetary cross-cutting responsibilities of
federal agencies should be identified by the OMB,
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and the FGDC should coordinate the cross-cutting aspects of the program.
The spatial data sharing program should enable digital spatial data collected

by nonfederal institutions (e.g., state and local governments and the private
sector) to be integrated into the national spatial data coverage. The program
would reduce data collection redundancies (and thus costs) throughout the nation
as a whole while improving the currency of the data. To be successful, the spatial
data sharing program needs to have real benefits and incentives for both the
donors and recipients of the data.

As envisioned, incentives for donors to submit their data to be considered in
the national base would be threefold. First, a portion of the costs of data
collection might be rebated to the collector, the amount would be coordinated and
negotiated by the state-level advisor with the federal agency; if the data are not
yet collected, then work-or cost-sharing arrangements might be effected. Second,
the donors would have the assurance that the accuracy of the data they collected
(or had contractors collect) meets the accepted national standards and has been
subjected to an independent QA/QC analysis. Third, it also provides the
mechanism for the broad national distribution of these and other data in addition
to automatic updates of the data when future revisions are made from other donor
sources. Crucial to the development of incentives is an acceptance of the concept
that a more efficient, more robust, more useful NSDI can exist and that it should
replace the highly fragmented, highly redundant, often frustratingly inadequate,
ad hoe infrastructure that exists today.
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APPENDIX A

SPACIAL DATA AND WETLANDS

INTRODUCTION

What, typically, could be done better or more efficiently if the content,
accuracy, organization, and control of spatial data were different? As spatial data
concerning wetlands are collected in several federal agencies, state and local
governments, and private institutions, the MSC believed that a study focused on
wetlands would provide an example of the needs and challenges facing the
development and implementation of a robust NSDI. With respect to wetland
data, a number of questions arise. For example, should a digital version of the
National Wetlands Inventory (NWI) be used to replace the wetland symbols on
the 1:24,000 USGS series? Is it to be a distributed layer to be used as a graphic or
digital overlay to the 1:24,000 NWI series or integrated within the new federally
proposed 1: 12,000 orthophoto program (SCS, ASCS, and USGS), or is it to be a
distributed responsibility where each federal, state, and local agency provides its
part in a coordinated and integrated form? An example of the latter is the joint
effort between Maryland's digital orthophoto quarter quad (1: 12,000) mapping
and wetland inventory program and the FWS's NWI program. These are
important questions in need of answers.

To assist in clarifying these questions, this appendix focuses on the current
roles of various institutional entities in the use and sharing of geographic
information pertaining to the nation's wetlands. It comments on the impediments
that exist that prevent these groups from acquiring knowledge, sharing data,
making decisions, or performing the duties expected of them that depend on the
timely availability and easy access to an organized body of geographic
information about wetlands.
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Initially the MSC wanted to study the technical problems associated with an
uncoordinated NSDI relating to wetland data. However, when we began to study
the problem, an even larger set of problems emerged. Therefore this case study
has the following three goals:

•   to determine the feasibility of establishing a national system that
delineates and records the conditions of all regulated and nonregulated
U.S. wetlands;

•   to describe the impediments (if any) that limit this nation from
delineating and recording the condition of its regulated and nonregulated
wetlands; and

•   to consider the extent to which these impediments are indicative of other
natural phenomena of national consequence requiring delineation,
monitoring, and eventual regulation.

Wetlands were chosen as an example because they reflect environmental and
physical phenomena that need to be measured, depicted, and analyzed differently
than discrete objects, such as building footprints or street centerlines and
associated street addresses. Wetlands were also chosen because they are of
national concern and interest. They are indicative of how our nation goes about
administering and managing natural resources. Wetlands also illustrate how the
scientific community goes about the identification, classification, and delineation
process in contrast to how a society goes about the difficult process of deciding
on the subset it is willing to regulate. Similar examples of national interest could
be the geographic distribution and condition of endangered species habitat or
species ranges or a national assessment and monitoring of biodiverse land areas.
If these two examples were to become issues of national interest what could be
learned from this nation's attempts to map, monitor, and regulate its wetlands?

This appendix introduces the issues regarding wetlands that make them
possible to measure scientifically but difficult to regulate as a natural resource.
Wetlands are excellent examples of informational needs about other natural
phenomena. Next are described the technical, legislative, institutional, and
economic impediments that limit the ability to assess and monitor the state and
condition of its wetlands. This appendix also provides a conceptual information
diffusion model that attempts to explain the issues that restrict the diffusion of
wetland information. It concludes with a summary with recommendations.
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THE NATURE OF WETLANDS

What Are Wetlands?

The term wetlands applies to a variety of low-lying areas where the water
table is at or near the surface of the land, soils are saturated or covered by water
during parts of the year, and there is a predominance of hydrophytic plants
(CEQ, 1999). In a more practical sense, the term wetland is a misnomer: many
are dry at times; some are dry twice a day, for example, coastal wetlands that are
flooded, inundated, and influenced by daily tides. Wetlands include many
different types of environments: tidal marshes, swamp forests, peat bogs, prairie
potholes, wet meadows, and similar transitional areas between aquatic and
terrestrial environments.

Wetlands were long considered insect-ridden, unattractive, and dangerous
areas. Recently this outlook has changed dramatically because the vital
ecological roles that wetlands serve have been documented and thus have in this
century begun to be recognized as important places with a rich and exciting
variety of plant and animal life (Niering, 1986).

What is the Value of Wetlands?

Wetlands are among the most biologically productive ecosystems in the
world. Net primary production of plants in salt marshes and freshwater wetlands
(Figure A. 1) rivals that of tropical rain forests and the most productive
agricultural land (CEQ, 1989). For example, many types of animals depend on
wetlands for at least part of their life cycle (e.g., it has been estimated that more
than 50 percent of the saltwater fish and shellfish are dependent on wetlands). Of
the 10 to 20 million waterfowl that nest in the conterminous 48 states, 50 percent
or more reproduce in the prairie pothole wetlands of the Midwest (CEQ, 1989).

The wetlands of the United States are also important for other reasons. They
produce oxygen and play a significant role in converting atmospheric nitrogen,
for they naturally trap and remove nutrients and sediments and help maintain or
improve water quality (Ducks Unlimited, 1992). Wetlands associated with
estuaries, rivers, and streams, as well as some isolated wetlands and lakes,
provide flood protection by slowing and storing floodwaters and reducing flood
peaks. Wetlands anchor shorelines and provide erosion control (CEQ, 1989).
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Figure A. 1.
Net Primary Productivity of Selected Ecosystems (g/m2/yr) (from Tiner 1984).

Wetlands also provide many economic and social benefits to the nation.
Fishing, waterfowl hunting, and traditional gathering of food, such as wild rice,
are among the contemporary uses, Wetlands occur in every state in the nation
(Figure A.2) but exist in a variety of sizes, shapes, and types as a result of
regional differences in climate, vegetation, soils, and hydrology. Also, and very
important to many, is that wetlands are some of the last remaining wilderness
areas in the nation (CEQ, 1989).
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Figure A.2
(a) Wetland distribution circa 1780s; (b) wetland distribution circa 1980s
(from Dahl, 1990).
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TABLE A.1. Examples of Wetland Losses in Various States (after Dahl, 1990).

State or Region Wetlands 1780s
(acres)

Wetlands 1980s
(acres)

Percentage of
Wetlands Lost

Iowa's natural
marshes

4,000,000 421,900 89

California 5,000,000 450,000 91

Nebraska's
Rainwater Basin

94,000 8,460 91

Mississippi alluvial
plain

24,000,000 5,200,000 78

Michigan 11,200,000 5,583,400 50

North Dakota 4,927,500 2,490,000 51

Minnesota 15,070,000 8,700,000 42

Louisiana's forested
wetlands

11,300,000 5,635,000 50

Connecticut's
coastal marshes

30,000 15,000 50

North Carolina's
pocosins

2,500,000 1,503,000* 40

* Only 695,000 acres of Pocosins remain undisturbed; the rest are partially drained, developed, or
planned for development.

STATE AND CONDITION OF WETLANDS

Wetlands are generally classified as estuarine or freshwater systems (CEQ,
1989). In the mid-1980s, there were an estimated 103.3 million acres of wetlands
in the conterminous United States, most of which (about 75 percent) were private
(Dahl and Johnson, 1991).

Wetlands account for roughly 5 percent of the total land surface cover in the
conterminous 48 states. The amount of wetlands in the conterminous United
States when settlement occurred in the early seventeenth century is estimated to
have been 215 million acres (Dahl, 1990). On the basis of this
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figure (which is considered a reliable estimate of the original wetland area), 53
percent of the original wetlands was lost by the mid-1980s (Dahl, 1990).
Table A.1 shows a selected state and regional view of wetland losses.

TABLE A.2. Examples of Wetland Loss Rates (after Tiner, 1984).

State or Region Loss Rate (acres/year)

Lower Mississippi alluvial plain 165,000

Louisiana's forested wetlands 87,000

North Carolina's pocosins 43,500

Prairie pothole region 33,000

Louisiana's coastal marshes 25,000

Great Lakes basin 20,000

Wisconsin 20,000

Michigan 6,500

Kentucky 3,600

New Jersey's coastal marshes 3,084

50*

Palm Beach County, Florida 3,055

Maryland's coastal wetlands 1,000

20*

New York's estuarine marshes 740

Delaware's coastal marshes 444

20*

* Loss rate after passage of state coastal wetland protection laws.

The reasons for these wetland losses are many and varied and both natural
and human. However, most of the wetland losses are attributable to human
activities. Agricultural activities were responsible for 54 percent
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and urban development accounted for 5 percent of the total wetland loss (Dahl,
1990).

Wetland losses have affected certain wetland types more than others
(Table A.2). By the mid-1950s it was estimated that more than 50 percent of the
wetlands in the prairie pothole region had been lost since settlement. Most of this
reduction was caused by agricultural conversion (CEQ, 1989). Between the
mid-1970s and mid-1980s net acreage of freshwater marsh loss had stabilized
(Dahl, 1991).

Wetland losses also occurred in estuarine vegetated wetlands (estuarine
intertidal vegetated). Of the net loss of 372,000 acres between the mid-1950s and
1970, most occurred in estuary marshes along the Gulf Coast in Louisiana,
Texas, and Florida. Urban development and conversion to open water habitat
were responsible for most of these losses (CEQ, 1989).

PROTECTION OF WETLANDS

State interest in protection of wetlands began in the east. For example,
Massachusetts' regulation of wetlands includes coastal wetlands, freshwater
wetlands, swamps, wet meadows, marshes and bogs, and a 100-foot buffer
protection zone. In Massachusetts judicial interest began in 1965 (Commissioner
of Natural Resources v. Volpe and Co.); 27 states now have some type of wetland
law (Want, 1991).

Federal interest in the protection of the nation's wetlands began in the
mid-1970s. Various conservation groups and the scientific community began
convincing federal agencies and Congress of their value in preventing floods,
filtering waters, and providing critical wildlife habitat. The Federal Water
Pollution Control Act of 1972 (often called the Clean Water Act) was amended in
1977 to prohibit the discharge of dredge or fill material into wetlands without a
permit. Federal wetland law is still the backbone of wetland protection (Want,
1991). Expanding on this federal interest, President Bush in 1988 adopted a
platform supporting the goal that there should be no net loss of the remaining
wetlands (103.3 million acres) (Conservation Foundation, 1988; Seligmann and
Hager, 1991).

This position, however, has raised the significant question of what subset of
all wetlands should be included. This issue of whether all wetlands or subsets
should be regulated is a major reason why it is so difficult to bring about a
national system for wetland information. Wetlands occur in all 50 states and vary
in type, size, and function.
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Despite this variation, they all have two things in common: they have a soil
that is at least periodically saturated or covered with water and they contain
plants that can tolerate such conditions (Urban Land Institute, 1985). These
wetland conditions are measurable by three criteria: the presence of hydrophytic
vegetation, hydric soils, and wetland hydrology. Making these conditions into
operational definitions for regulations, administration, and biological mapping is
another matter. If FWS's national wetland maps (begun some 14 years ago) are an
example, the mapping function has been relatively straightforward.

Table A.3 illustrates this problem for land owners affected by regulations
including various federal and state definitions. Biologically or scientifically, they
are very similar except that Connecticut's definition includes all poorly drained
soils. Only in the legal process can any real difference between these definitions
be found (Urban Land Institute, 1985). As part of the 1977 amendments to the
Federal Water Pollution Control Act of 1972, the EPA and the COE became
responsible for implementing the new wetland provisions in Section 404 of the
Act. This legal complexity is represented by the treatise entitled Law of Wetland
Regulation (Want, 1991). It includes 13 chapters, 152 pages on federal wetland
law and procedures, and 196 pages devoted to state wetland law. Much of the
book cites judicial opinions, associated procedural permitting, and mapping
requirements. The presenting of cases before the Supreme Court further confuses
this issue (Want, 1991). However, because the Clean Water Act did not include
an explicit definition or procedure for field identification of wetlands, a team of
wetland biologists from the FWS, COE, EPA, and SCS in 1989 established
common field procedures. The collaborative group combined the best procedures
from existing manuals and developed some new procedures to assist in
identifying the upland edge of wetlands. These new procedures were designed to
include (1) all wetlands regulated by COE and EPA under Section 404 of the
Clean Water Act; (2) all wetlands administered under the Food and Security Act
of 1985 (Swampbuster); and (3) wetlands mapped by the FWS's NWI.

These criteria include a range of (a) permanently flooded to seldomly
flooded, (b) aquatic systems to terrestrial systems, or (c) areas where water
dominates to where upland dominates. Somewhere along that gradient, science
and society say ''That's a wetland" (Seligmann and Hager, 1991). At the federal
level, the issue remains: Where does one draw the line? What is or what is not a
wetland?
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TABLE A.3. Seven Examples of Wetlands Definitions

Emergency Wetlands Resources Act of 1986 (PL. 99-645)

The term wetland means land that has a predominance of hydric soils and that is
inundated or saturated by surface or groundwater at a frequency and duration
sufficient to support, and that under normal circumstances does support, a prevalence
of hydrophytic vegetation typically adapted for life in saturated soil conditions.

Swampbuster Provision, Food Security Act of 1985 (P.L.99-198)

The term wetland, except when such term is part of the term converted wetland, means
land that has a predominance of hydric soils and that is inundated or saturated by
surface or groundwater at a frequency and duration sufficient to support, and that
under normal circumstances does support, a prevalence of hydrophytic vegetation
typically adapted for life in saturated soil conditions.

US. Fish and Wildlife Service (Cowardin et al., 1979; adopted 1980)

Lands transitional between terrestrial and aquatic systems where the water table is
usually at or near the surface or the land is covered by shallow water. For purposes of
this classification, wetlands must have one or more of the following three attributes:
(1) at least periodically, the land supports predominantly hydrophytes, (2) the substrate
is predominantly undrained hydric soil, and (3) the substrate is nonsoil and is saturated
with water or covered by shallow water at some time during the growing season of
each year.

U.S. Environmental Protection Agency (40 CFR 230.3, Federal Register, 1980) and
the U.S. Army Corps of Engineers (33 CFR 328.3, Federal Register, 1982)

Those areas that are inundated or saturated by surface or groundwater at a frequency
and duration sufficient to support, and that under normal circumstances do support, a
prevalence of vegetation typically adapted for life in saturated soil conditions.
Wetlands generally include swamps, marshes, bogs, and similar areas.

State of Wisconsin (NR 115.03 WAC)

Those areas where water is at, near, or above the land surface long enough to be
capable of supporting aquatic or hydrophytic vegetation and that have soils indicative
of wet conditions.
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State of Connecticut (22a-38 Connecticut General Statutes)

Wetlands means land, including submerged land, which consists of any of the soil
types designated as poorly drained, very poorly drained, alluvial or flood plain by the
National Cooperative Soils Survey, as may be amended from time to time by the Soil
Conservation Service of the U.S. Department of Agriculture.

State of California (California Coastal Act of 1976, Section 30121)

Lands within the coastal zone that may be covered periodically or permanently with
shallow water and include saltwater marshes, freshwater marshes, open or closed
brackish marshes, swamps, mudflats, and fens.

As noted earlier, before this federal interest some states assumed
responsibility for the regulation of wetlands. By the mid-1970s additional states
also became interested in the protection of wetlands. Even though federal law
imposes national consistency, wetland protection has been increasingly
augmented by state law (Want, 1991). At present, 27 states have some form of
wetland law: explicit wetland regulations, regulationsincluded in coastal zone
management, or regulations included in other natural resource management
provisions, such as shoreline, beach, and sand protection (Want, 1991).

Regulation of wetlands and their associated definitional requirements has
become a complex regulatory arena with numerous judicial decisions interpreting
these regulations. This has occurred at all levels of government (Want, 1991). As
part of this process of regulation and protection, attorneys, environmentalists,
realtors, corporate professionals, scientists, and planners have become involved in
the definition, regulation, management, alteration, and restoration of wetlands.

INFORMATION REQUIREMENTS

What are the Information Requirements?

Obviously the requirements for a wetland information system depend on how
wetlands are defined. This definitional task is a scientific, social, legal, and
political task. Definitions need to be agreed upon in both the
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political and regulatory worlds. A consistent approach to wetlands is needed
to scientifically define, classify, and delineate wetlands and to resolve the issue
of what subset of wetlands are to be regulated. This subset does not necessarily
represent all wetlands. Good wetland information policy needs to be aimed at
ensuring that one definition of wetlands emerges with a clear statement of the
subset to be regulated. Today's public policy maybe seen as limiting 10 years from
now because of continued losses, new understanding, or further reductions in
ground-water and surface-water quality.

Modern information systems and their content must be flexible enough to
sustain new societal views and analyses, such as the concept of no net loss.
Without a definitional context and long-term perspective, it is not possible to
explicitly assess the role and usefulness of information and mapping technology.
This array of potential sources, scales, and types of data to determine wetland
boundaries is complex, diffuse, and disparate (Table A.4). In addition to the
regulatory need for data and information for permits and boundary mapping, data
and information are needed for trend analysis, compliance monitoring, and
management. These have been defined by the Domestic Policy Council-
Interagency Wetlands Task Force (Nelson et al., 1990) (Table A.5).

What Is the Status of Wetland Data and Information?

The status of wetland data remains an open question. The Domestic Policy
Council-Wetland Inventory Workgroup was asked to address three related
information questions:

•   What types of inventories are now being done?
•   What type of inventories are needed (i.e., national, regional, local) and

why?
•   How should the federal government coordinate existing (or new)

inventory programs?

The answers to these three questions were provided (Nelson et al., 1990) in
the form of 11 recommendations, which were rank ordered (see Table A.6,
column 1). These recommendations represent three types of information: large-
scale boundary determinants for Section 404 permits; statistical samples for trend
analysis; and entity imaging and mapping for inventories such as the NWI.
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IMPEDIMENTS TO A NATIONAL WETLAND INFORMATION
SYSTEM

Wetlands have become a major issue in the environmental debate. Their
state and condition have gained bipartisan congressional interest and federal
agency attention. The debate over the Swampbuster provisions of the 1985 and
1990 farm bills (FSA and FACTA) are examples. The more recent debate over
the provisions of the Federal Manual for Identifying and Delineating
Jurisdictional Wetlands (Federal Interagency Committee for Wetlands
Delineation, 1989) is yet another example. Initially this manual attempted to
identify the upland/wetland boundary of all wetlands of management interest to
COE and EPA (jurisdictional), USDA (Swamp-buster), and FWS (NWI).

Through public hearings conducted by the federal agencies and by the
President's Domestic Policy Council during the summer and fall of 1990, many
expressed their belief that the text of the 1989 federal manual was too
encompassing. The procedures incorporated into the 1989 effort did not resolve
the definitional problem because public and private interests did not support the
protection and regulation of all wetlands of federal interest. Instead of a
consensus being arrived at concerning what subset should be regulated, the
procedures were challenged. This challenge resulted in the definitions being
changed. The issue becomes one of which wetlands are to be regulated.
Technically the delineation procedures appeared to be acceptable to most
scientists, but farmers and land developers were not comfortable. The real issue
became one of the societal value of wetlands. At what point on the wetness
gradient does a wetland fall below the public's interest?

This resulted in the proposed 1991 revisions to the Federal Manual for
Identifying and Delineating Jurisdictional Wetlands. The proposed revised
document establishes policy for those jurisdictional wetlands that are proposed to
be regulated under Section 404 and Swampbuster. If implemented as proposed,
the revisions would move the line delineating the wetland upland boundary
toward the wetter end of the moisture gradient, thereby removing drier-end
wetlands from federal jurisdiction. This change in boundary would result largely
from a revised quantitative standard for the duration and timing of the presence
of water.

Even though explicit mandates exist for all wetland management categories,
it is now not possible to assemble or assimilate a composite
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national view. Let us explore in more detail what impedes the ability to
develop a national view of wetlands.

As previously stated, our objective was to document the status of spatial data
products and associated information technology that support decisions concerning
the state and condition of the nation's wetlands. Specifically, the committee
discovered a set of the major impediments to the creation of a national wetland
information system:

•   Technical impediments: What are the nature and type of technical and
scientific impediments that inhibit the ability to identify, collect,
classify, automate, and integrate wetland data on a national basis?

•   Legislative impediments: What are the legislative mandates that limit or
inhibit the development of information systems and the ability for public
agencies and private groups to exchange information? What are the
legal stipulations that limit authority to implement a national wetland
information system of sufficient reliability and specificity for
assessment, management, and regulation?

•   Institutional impediments: What are the existing institutional
impediments that inhibit the ability of local, state, and federal agencies
and private interests to collect and integrate wetland formation to
formulate a national perspective? How do various disciplinary
approaches affect the definition and classification of wetland and
regulatory issues?

•   Economic impediments: What are the funding constraints that inhibit the
ability to maximize public and private information investments for the
purpose of understanding the nature and condition of U.S. wetlands?

This study was conducted under the assumption that these impediments
exist in various forms and intensities. Effective use of the public's investment in
wetland information is limited by these impediments.

We also assumed that these impediments can be related to other spatial data
layers as well. These impediments transcend both political boundaries and
institutional structures. The MSC's aim was to improve its understanding of the
major issues involved in the creation and population of a wetland data layer as
part of the National Geographic Data System (NGDS) (FGDC, 1991). This
includes institutions and organizations collecting data and information that would
be used to develop such a data base. It also includes institutions and organizations
using the data and information for assessing the extent, condition, and regulation
of wetlands. The results are
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intended as an example of the more generic problems associated with the creation
and use of other data layers in the NGDS.

To assess the viability of the 11 recommendations of the Domestic Policy
Council-Interagency Wetlands Task Force, each recommendation was analyzed
with respect to each impediment. The results suggest that various impediments
must be overcome for successful implementation of each recommendation
(Table A.6).

The ability to create and share a digital version of the NWI (recommendation
7, Table A.6) is constrained by four technical impediments. Integrated and across
agency nationwide analyses to determine the status of wetlands, such as acreage
per wetland type, are restricted because of duplicative and nonintegrated efforts
(legislative and institutional impediments; recommendation 2, Table A.6). Until
recently, comprehensive development of a digital wetland layer was limited to the
availability of funds directly from users (an economic impediment). No funds
were available from the FWS. However, in the view of the DOI's Office of the
Inspector General (1992) the most constraining impediment was that the FWS did
not have authority to automate the NWI. The accounting process required by the
DOI Office of the Inspector General relegated digital conversion to special
project status. No such mandate was provided under the Emergency Wetlands
Resources Act (EWRA) of 1986 (P.L.99–645). Recent congressional action (P.L.
102–440, Section 305) provided that ''by September 30, 2004, a digital wetland
data base for the United States based on the final wetland maps produced under
this section" and "archive and make available for dissemination wetland data and
maps digitized under this section as such data and maps become available."

Another major impediment is the ongoing debate and differences of opinion
over the reliability and validity of various wetland mapping techniques and
procedures. Those responsible for the NWI have concluded that satellite image
sources in themselves are not sufficiently accurate to detect all the categories
within the NWI system (FGDC, 1992; Wilen and Pywell, 1992). Those
responsible for FSA determinations have found problems with aerial
photographic techniques due to interpreter differences.

Other professional interagency debate exists when NWI and FSA wetlands
are compared. Because the NWI and FSA definitions are operationally the same,
statistical and spatial concurrence should be attainable. Recent comparisons in
Indiana (SCS, 1992) and the pothole region of North Dakota suggest otherwise
(Margaret Maizel, personal communication, 1992). Because the FWS chose not to
map wetlands in
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farmed areas in Indiana, the difference may be explainable. Some
differences may be also attributable to the sensor employed. In North Dakota
satellite imagery was used to detect FSA wetlands and compared with NWI
aerial photographic interpreted sources. This variance in results between NWI and
FSA interpretations needs concerted interagency attention. Without its resolution,
any real progress towards a national wetland information system will be
impeded.

The potential for a national view of wetlands as represented by the 11
recommendations is also constrained by the apparent lack of an overall strategic
interagency plan. Such a strategic approach could be as follows:

•   Integrate and coordinate NWI (FWS) and FSA (SCS) wetland mapping
programs and nest COE jurisdictional wetlands within NWI and FSA
(recommendation 6, Table A.6).

•   Integrate statistical analyses of the status and trends of the nation's
wetlands (recommendation 3, Table A.6).

•   Expand FWS's mapping mandate to include automation
(recommendation 7, Table A.6) (estimated cost to complete and
automate the NWI is about $55 million).

•   Develop digital standards for wetland information (recommendation 5,
Table A.6).

•   Implement the National Orthophoto Program (both digital and hard copy
products) (recommendation 9, Table A.6).

Such a strategic approach could be the full implementation of the proposed
(SCS/ASCS/USGS) National Orthophoto Program (NOP). An excellent example
of how this could be accomplished is Maryland's Digital Orthophoto Quarter
Quad Mapping and Wetlands Inventory Program. Maryland's digital quarter
quads (1:12,000) incorporate the accuracy and image detail of orthophotography
so that land owners and regulators can compare wetland boundaries with
recognizable ground features (see Figure A.3). The product meets USGS
orthophoto production specifications and the NWI's wetland mapping
interpretation and classification standards. See insert for a more detailed
description.

This joint effort between Maryland and the FWS is an excellent example of
spatial data sharing. It is also an excellent example of a multipurpose and
contemporaneous digital information product that is useful for both regulation
and planning.
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Figure A.3
Digital orthophoto (1:7200) inventory for wetlands through a cooperative
project by Maryland and the U.S. Fish and Wildlife Service.
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MARYLAND'S DIGITAL ORTHOPHOTO QUARTER QUAD
MAPPING AND WETLANDS INVENTORY PROGRAM

The Maryland Water Resources Administration (WRA) is producing a
statewide map series based on digital orthophoto quarter quadrangles
(USGS 3.75' Series). The purpose of the project is to provide a map
accurate base image for a new wetland inventory. Orthophotos were
selected for the map base because they combine accuracy and image
detail so that property owners and permit reviewers are able to see the
wetland boundaries in relation to recognizable features on the ground. In
order to take advantage of new computer mapping technology, WRA is
producing the orthophotos digitally and in color.

There was no precedent for this type of mapping when the project was
conceived in 1989. A pilot was conducted with assistance from Salisbury
State University, Photo Science, Inc., and Micro Images, Inc. The pilot,
performed on the Millington Quad in Kent County, proved sufficiently
successful for the state to proceed with the project. With the help of many
state and local agencies, federal agencies, universities, and the private
sector, the first maps were produced in December 1991. At this writing, 107
quarter quads are completed out of approximately 950 required for
statewide coverage.

The orthophotos produced by Maryland are intended to be compatible
with the standards of the U.S. Geological Survey for digital orthophoto
quarter quadrangles (3.75' Series). The photography used is color infrared
flown to the specifications of the National Aerial Photography Program.
Geodetic control is acquired and elevation data are collected to produce
orthophotos that meet National Map Accuracy Standards at the scale of
1:12,000. The digital image files have a ground resolution of 4 feet and each
file occupies approximately 28 megabytes of disk space.

A new statewide wetland inventory is being performed using
conventional stereo interpretation techniques with the same color infrared
photography that is used to produce the orthophotos. The wetlands are
delineated and classified according to the Cowardin et al. (1979)
classification scheme. Field verification is performed at approximately five
sites in each quarter quad, and quality control is provided by the National
Wetlands Inventory (NWI) of the U.S. Fish and Wildlife Service. The
interpretation is transferred to the orthophoto by NWI and WRA using an
on-screen digitizing technique developed in Maryland that results in a more
accurate representation than conventional transfer methods. The final
wetland map is produced showing the wetland vectors overlaid on the
orthophoto image at a scale of 1:7,200.

There are many potential uses of the orthophoto images beyond
wetland mapping. Applications in forest inventory, agricultural practices,
watershed management, soils mapping, and contour mapping (using the
elevation model) are
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(being investigated. Other state agencies, as well as federal and county
agencies, are also looking at using the orthophotos for a variety of
purposes.

The orthophotos will be integrated into a statewide geographic
information system for natural resource management. A prototype GIS has
already been implemented by the Water Resources Administration using
SPOT Satellite images in 7.5 minute quad format as the base layer. A
number of natural resource feature overlays are linked to the base images,
and can be accessed in a user friendly atlas format. Regulatory permit data
bases can also be displayed geographically in the atlas, and information
can be queried and viewed on screen for any individual permit. Eventually,
all regulatory boundaries and protected features, such as wetlands,
floodplains, critical areas, historic buildings, or endangered species habitat
will be able to be viewed and analyzed geographically in one place. This
system will save time for permit reviewers who now have to compile
mapped information form many sources for a single project, and increase
their effectiveness by providing the tools for a more thorough evaluation of
impacts, including cumulative effects of other projects. The system will also
be useful for studies of regional or statewide scope, such as watershed
management plans, wetland mitigation site inventories or regulatory trend
analysis. (From Burgess, 1992).

Much of the potential for multiple uses of a national georeferenced and
automated wetland data base (see Table A.7) cannot be realized with-out a
national perspective. It is the view of the MSC that the creation and
implementation of a national wetland information structure is being impeded by
more than a lack of funding. For example, the integration and reconciliation of
statistical analyses proposed by the FWS and SCS (NRI) need to include the
EPA's EMAP, the NOAA, and the USFS. Integration and reconciliation require
leadership and may also require legislative action if institutional barriers cannot
be surmounted. This analysis also suggests that the Interagency Task Force must
adopt a more strategic approach in which various recommendations are coupled
rather than simply rank ordered. The FGDC may wish to provide the leadership
for this strategic process.

Besides the technical and political impediments, there are institutional
issues. Congressional and legislative interest in wetland protection and
management has evolved into a complex web of potentially overlapping
mandates and authority. Analytical procedures to assess the location, status, and
condition of U.S. wetlands and their regulation varies by scale and technique
ranging from case-by-case analysis for regulatory assessment functions to trend
analyses for determining the status of wetlands, to
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TABLE A.7. Uses of a National Georeferenced Wetland Data Base

Determine status/baseline information
• Determine areal extent of vegetated wetlands by type, size, and geographic location
• Determine length in miles of coastal wetlands by type and political subunits
• Determine frequency of occurrence of wetlands by type, size, and location (relative
abundance and scarcity)
• Quantify interface between wetland types
• Determine proximity (what is next to what)
• Describe shoreline characteristics (rock versus marsh)
• Establish baseline from which to measure changes

Monitoring change
• Quantify wetland losses and gains by type, size, geographic location
• Quantify wetland modification
• Determine effectiveness of regulatory programs
• Quantify cumulative extent of wetland loss, gain, and modification over time

Provide a tool for wetland management
• Advanced identification or unsuitability determinations
• Flood insurance (FEMA) determinations
• Swampbuster determinations
• Special area designations such as State Heritage Programs
• Risk analysis (oil spill sensitivity)
• Impacts of sea level/climate change
• Mitigation
• Hurricane/storm assessment
• Landscape factors
• Evaluate permitted activity on quality and quantity
• Identify areas subject to development pressure

Determine biotic factors (in conjunction with other data)
• Wildlife habitat potential
• Fisheries habitat potential
• Rare/threatened communities
• Sensitive communities
• Commercial uses such as shellfish/fishing
• Sport uses such as hunting, fishing, bird watching, etc.
• In with other data, quantify gains and losses in functional value (i.e. fisheries
production as a function of interface between wetlands and open water

After Nelson et al. (1990).

comprehensive entity mapping to determine both locational and
distributional characteristics and acreage assessments and status by wetland
types. Compounding the overall analytical process, a variety of public and private
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geographical information technologies are being used to assist and meet the
mapping and analysis requirements (Table A.8).

There are also economic impediments. The creation and management of a
national wetland information system is not without cost. Reconciling different
technologies and approaches should result in some savings. Assimilation of state
and local data within the system might, in the long term, provide savings. When
we consider what is already being invested to collect wetland information
nationwide, the amount is not trivial. For example, in 1991 the COE issued
15,990 wetland permits. Just the private costs to meet the permitting requirements
for Section 404 by the COE has been estimated to be more than $100 million
annually (Niemann, 1992). This estimate does not include associated costs of
litigation that sometimes are also incurred by land owners. A more spatially
robust and reliable information system such as that being implemented in
Maryland would be helpful in reducing the uncertainty about jurisdictional
wetlands and thereby reducing the costs associated with the permit process.
Reconciling and integrating NWI and FSA mapping and automation efforts also
seem likely candidates for more efficient and effective use of tax dollars.

Wetlands as a potential data layer in the NGDS exemplify spatial and trend
information that are dynamic and of major consequence to many in our society.
The information and the resultant analysis are of consequence to those in
agriculture who farm or develop land and resources, such as real estate
developers and oil and mining companies; to those who are concerned with the
inherent and functional value of wetlands, such as Ducks Unlimited, The Nature
Conservancy, and the Conservation Foundation; and to those who have mandated
management and regulatory responsibility for wetlands, such as the FWS, the
EPA, the SCS, and the COE.

If we add the annual cost of COE permitting expenditure, the NWI
expenditures, the activities of other federal agencies, and state and local mapping
efforts, it appears that a more robust solution is economically and technically
possible. If this is correct, the question becomes one of leadership. Who is going
to seek the authority to create the more robust product? Who is going to establish
the various institutional agreements?
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INFORMATION DIFFUSION AND EVOLUTION

To address our goal of understanding the current status of spatial data
products that support decisions concerning the nation's wetlands, it is important to
understand the evolutionary context of wetland information. The specific wetland
model arrived at by the MSC is similar to other general information diffusion
models. The description of an evolutionary model could serve those who will
become responsible for other natural phenomena of national attention. Figure A.4
portrays an information diffusion model that explains and predicts the state and
condition of wetland information. This information model is different from a data
base because the data eventually serve as a basis for decision making. An
example of this evolutionary model is the development of county soil maps
prepared by the SCS during the 1930s. Their need became apparent in the dust
bowl days when Congress decided that it was in the national interest to combat
soil erosion and increase farm productivity. Soil maps became an explicit
component of this overall strategy. Soil classification and definition and their
attendant functional attributes are now used for a variety of purposes well beyond
soil erosion and farm planning.

An example is the use of the hydric soil attribute as an input into the
determination of the Swampbuster provisions of the 1985 FSA. States have also
mandated the use of soil maps. Wisconsin explicitly requires the use of soil maps
for a variety of land planning and management mandates, including state wetland
determinations. This evolution from a data base for individual use by farmers for
farm crop planning and voluntary soil erosion mitigation planning to regulating
use of land based on the prior natural condition (i.e., hydric soils that are evidence
of prior wetland condition) is an example of how a data base evolves from a data
stage to an information or decision-support stage. This evolution begins with
awareness of the problem and ends with regulation. Conceptually this evolution
consists of five stages (see Figure A.4).

Awareness Stage

The awareness stage is an ongoing process and includes building a
constituency in support of public interests. The case for protection of wetlands
has been long and arduous. In this process of debate, considerable amounts
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of data have been assimilated and converted into descriptive information by
ecologists, lawyers, and public interest groups (Kusler, 1983; Office of
Technology and Assessment, 1984; Conservation Foundation, 1988). This
information tends to be nominal or descriptive and has limited analytical and
regulatory value (Table A.9). The basis for this concerted effort was the passage
of the 1977 amendments to the Federal Water Pollution Act of 1972 (P.L.92–
500). In Section 404 of this act, wetlands associated with navigable waters were
protected from discharge and dredge materials (Maxted, 1990).

Figure A.4.
Evolution of wetland information technology diffusion.

Policy Formulation Stage

The policy formulation stage establishes legislative intent. Congress
expanded its interest and authority in wetlands by the 1977 amendments to the
Federal Water Pollution Act of 1972 that established EPA's and COE's authority
to include all wetlands as part of the waters of the United States. Waters of the
United States are defined in the National Pollution Discharge
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Table A.8 Analytical Process to Meet Wetland Mandates
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Elimination System (40 CFR Part 122.2) and Section 404 program (40 CFR
Parts 230.3 and 232.2) (Maxted, 1990).

As mentioned earlier, states have also taken responsibility for wetland
protection associated with their public trust responsibilities. For example, in 1980
Wisconsin as part of its Wisconsin Shoreland Management Program (N.R. 115)
extended its land-use zoning authority to include wetlands associated with its
streams, rivers, and lakes. The information associated with this stage is initially
ordinal in that wetlands are now legislatively different from other lands (e.g.,
uplands). To assist in the policy formulation phase, status and trends of the
nation's wetlands are now being tracked by the FWS and reported to Congress on a
10-year cycle. This initiation of a systematic sample of wetland environments
established the ability to conduct statistical manipulations of the data base.
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Definitional Formulation Stage

The regulatory definitional stage requires the establishment of administrative
rules and the formulation of reliably measurable definitions. The results of this
process have a major impact on the data and information content required to
implement the states' public policy. Examples of this definitional process includes
Classification of Wetlands & Deepwater Habitats of the United States (Cowardin
et al., 1979); Corps of Engineers Wetland Delineation Manual (Wetlands
Research Program, 1987); Wetland Identification and Delineation Manual
(Environmental Protection Agency, 1987), and the Federal Manual for
Identifying and Delineating Jurisdictional Wetlands (Federal Interagency
Committee for Wetland Delineation, 1989). Trend analysis continues to help
refine the information available on the status and trends of the nation's wetlands
and to continue policy debate.

Planning, Management, and Analysis Stage

The implementation of legislative and Congressional intent and the
associated data requirements is the focus of the planning, management, and
analysis stage. Mapping of wetland entities becomes a useful means by which to
communicate the location and distribution of these regulated and nonregulated
wetlands. Examples include entity mapping such as the NWI and continued
authority for trend analysis as part of the EWRA of 1986 (P.L.99–645, Title IV,
Wetlands Inventory and Trend Analysis, Sec. 401 National Wetlands Inventory
Project).

Also in this stage, land-holding agencies are assessing and managing
wetlands according to their individual mandates. These include state departments
of natural resources, local government interests, and federal agencies such as the
USFS, the BLM, Bureau of Reclamation, and National Park Service. Use of GIS
technology becomes a major analytical and management tool during this stage.

From the viewpoint of planning, management, and analysis, these trend and
entity data collected by the FWS as part of the EWRA are used to establish the
base line for determining the actual abundance or scarcity and the rate of
conversion of wetlands (Tiner, 1984). Consequently, this analysis of trends forms
the basis for much of the public debate over wetlands. For example, the trends
data were the predominant source used by the Council of Environmental Quality
in its Environmental Trends Report on wetlands and wildlife (CEQ, 1989).
Because of the value of the
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data, the monitoring cycle and the reporting cycle to Congress as mandated by the
EWRA needs to be reduced (e.g., 5 years versus 10 years) through reconciliation
with the agencies involved in statistical trend and status analysis. It would also be
valuable to intensify the national sampling and to produce statistically significant
regional estimates on the status and trends of wetlands.

Private Land Regulation Stage

This final stage, private land regulation, is that of imposing stated public
policy on privately held lands. Information requirements become more specific
and more demanding. Entity mapping becomes integrated with other data such as
property. GIS technology and automated land records integration become
important factors. Increased analytical capability is expected. This evolution of
wetland information diffusion is in a state of flux (Figure A.5). As the
definitional process affects the land development rights on privately held land,
the public debate accelerates. This interaction, even though troublesome to the
information community, in reality constitutes the implementation process, that
process being the difference between the policy of no net loss and the political
process of what society and private land owners are willing to endure. It is
important that the information diffusion process be understood so that consistent
and durable policy leading to an enhanced NSDI be formulated.

Although there have been extensive efforts to define the critical properties
associated with wetlands, a politically agreeable decision on the subset to be
regulated remains at the center of the wetland controversy. This issue of what is a
wetland has become a major public debate because it concerns private land. This
controversy is further fueled by the administration's stated goal of no net loss.
Where the line from wet to dry is drawn has a major impact on how much
wetland exists, how much needs protection, and what constitutes no net loss. This
issue is further compounded by those who assert that wetlands serve different
functions and that only the most important functions need attention. This is even
further compounded by the issue of inherent wetland biological and botanical
quality. For example, some wetlands have been invaded by exotic wetland plants,
such as Purple Loosestrife. Examples of the debate are represented by the
following quotes from a selection of newspapers and magazines.
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Figure A.5
Proposed model for diffusion of wetland information. 'The changes being
proposed are political changes not based on good science.' said South Carolina
Wildlife Federation executive director . . . (C. Pope, The State, August 27, 1991)

A draft of the new document given to the Associated Press by a member of
the administration says the previous definition (Interagency Wetlands Manual,
Maron, 1990) 'grossly exaggerated' the country's real wetlands mostly by not
requiring that they be very wet. The current definition (March, 1990) says water
must come within 18 inches of the surface for at least 7 days of the growing
season (this is when chemically soils become hydric in composition and can
support hydric vegetation). . . The draft (EPA's) would be stricter, requiring that
land be inundated or saturated all the way to the surface for at least 14
consecutive days in the growing season (The State, [Columbia, S.C.] May 15,
1991).
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William Reilly (EPA Chief) thought he had a deal—the Council on
Competitiveness (CC)—had agreed that any piece of land that was flooded or
saturated for 15 consecutive days a year would constitute a 'wetland' and deserved
protection from private development. Within days the council (CC) hatched a new
plan, narrowing the definition of 'wetness' by six extra days, satisfying a
powerful coalition of farmers and builders and reducing America's wetlands by as
much as 30 million acres. (M. Duffy, Time, November 4, 1991).

Once the definitional process deviated from agreed-upon measures in the
federal manual, the status and condition of wetlands changed, if the national view
is limited to those described as jurisdictional. If this limits the national view, then
the usefulness of the NWI trends data base as a measure of wetland status
becomes questionable. If the perceived national definition remains substantially
different from the NWI sample definitions, a new sample design and scheme
would be required beginning with the more limited definition. Reconciliation of
these issues requires use of a different process to diffuse wetland information.
Such a process would need to be responsive to wetland policy and regulatory
functions (see Figure A.5). Until we as a nation can agree on the subset of federal
wetlands to be regulated, we cannot inventory them or determine whether they
are increasing or decreasing.

CONCLUSIONS

We conclude that the need for a common federal view on the location,
status, and trends of wetlands and the subset of those of national interest remains
as the primary impediment to broad public and private support. This need also
impedes the defining of criteria for spatial data about wetlands. For example, the
owners of wetlands say ''that protection efforts have gone too far" (Zinn and
Copeland, 1992). A similar concern was reported in USA Today when President
Bush was quoted as saying: "We ought to stay with our objective of 'no net
loss' ... but we don't want to overdefine what a wetland is." The debate over
wetlands has now moved from a question of whether wetlands should be
protected to a question of how much protection should be afforded the remaining
wetland resource (Zinn and Copeland, 1992).
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A major debate is under way between wetland protection advocates and
private land owners. The environmental and wetland advocates have concluded
that "a major impediment in maintaining, enhancing, and restoring wetland
resources is the lack of a coordinated, consistent approach among federal, state
and local governments" (Zinn and Copeland, 1992). This lack of a coordinated
and consistent inventory mapping and analysis capability is at the crux of public
debate. As pointed out by the Executive Director of the Association of Wetland
Managers:

. . . in contrast (to the COE) virtually all state and local governments map
wetlands as part of the regulatory process, . . . this lack of a consistent map base
results in a federal program subject to varying interpretation by individual
regulators. As a result, . . . the regulatory process is difficult and time
consuming.... Moreover, both delineating a wetland and applying for a permit are
costly" (Kusler, 1992, pp. 29–30). (Niemann, 1992, estimated an annual cost of
about $100 million.)

Without the reconciliation and interaction of the NWI, the FSA, and
jurisdictional wetlands, and Congressional and public support for a composite
federal view, the incorporation of spatial data and information about the nation's
wetlands into an NSDI remains problematical.

The FGDC, through its Subcommittee on Wetlands, needs to reconcile 
the definitional and technical issues that impede our nation's ability to
efficiently and effectively map, assess, monitor, and automate wetland
information. To accomplish this reconciliation, the FGDC needs to exercise its
coordination authority (given in OMB revised Circular A-16) and to develop and
implement a wetland information-diffusion model that is responsive to both
policy and regulatory requirements.

In pursuing this conclusion, the following reconciliation tasks require
immediate attention:

•   Reconcile what information gathering technologies and combinations are
most efficient and effective for completing a national and automated
view of the NWI, the FSA, and, eventually, jurisdictional wetlands (i.e.,
the integration of on-site determinations, aerial photographic
interpretation, and satellite imagery detection).

•   Reconcile classification and interpretation differences between NWI and
FSA wetland delineations (i.e., require that all discernable wetlands are

APPENDIX A 164

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

,
an

d 
so

m
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Toward a Coordinated Spatial Data Infrastructure for the Nation 
http://www.nap.edu/catalog/2105.html

http://www.nap.edu/catalog/2105.html


included in both farmed and nonfarmed regions to ensure the
implementation of a composite and scientifically based national wetland
data base).

•   Reconcile the classification and mapping procedure by which
jurisdictional wetland definitions can be nested within the integrated
NWI and FSA system (e.g., a separate graphic entity, an attribute to a
NWI/FSA wetlands, etc.).

•   Reconcile different digital mapping and attribute standards between the
NWI, the FSA, and jurisdictional wetlands.

•   Reconcile classification and sampling differences between the various
statistical status and trends effects being conducted and planned by
FWS, SCS, and EPA.

•   Reconcile and more precisely define the nature and products of what
would constitute a robust national wetland data and information resource
(e.g., will it be a traditional NWI cartographic product of 1:24,000?
What will be the cartographic representation of wetland entities,
polygons, points, or symbols? What will be the cartographic and digital
products of the 1:12,000 National Orthophoto Program (e.g., digital or
paper products)? Will it be (1) a central automated data base, (2) a
distributed digital layer for use by FSA, SCS, EPA, etc., other state and
local agencies, private interests such as Ducks Unlimited, or (3) a
distributed within-layer data base where every entity provides its part?

•   Reconcile how state, local, and federal agencies can provide and gain
access to wetland data.
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ACRONYMS

ACS Automated Cartographic System (USGS modernization
program)

ANSI American National Standards Institute
ASCS Agricultural Stabilization and Conservation Service, USDA
BLM Bureau of Land Management, DOI
COE U.S. Army Corps of Engineers
DCW Digital Chart of the World (DMA product)
DEM Digital Elevation Model
DFAD Digital Feature Analysis Data (DMA product)
DIGEST Digital Geographic Information Exchange Standard
DLG Digital Line Graph
DMA Defense Mapping Agency
DOI Department of the Interior
DOT Department of Transportation
DPS Digital Production System (DMA's modernization program)
DTED Digital Terrain Elevation Data (DMA product)
EPA Environmental Protection Agency
ESDD Earth Science Data Directory
EWRA Emergency Wetlands Resources Act
FAA Federal Aviation Administration, U.S. DOT
FEMA Federal Emergency Management Agency
FGCC Federal Geodetic Coordinating Committee
FGDC Federal Geographic Data Committee
FHWA Federal Highway Administration, U.S. DOT
FICCDC Federal Interagency Coordinating Committee on Digital

Cartography
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FIPS Federal Information Processing Standard
FLIP Flight Information Product (DMA product)
FSA Food Security Act
FWS Fish and Wildlife Service, DOI
GBF/DIME Geographic Base File/Dual Independent Map Encoding File
GIS Geographic Information Systems
GLIS Global Land Information System
GNIS Geographic Names Information System
GPS Global Positioning System
GRIDS Geographic Resources Information and Data System (EPA

system)
ISDN Integrated-services networks
ISO International Standards Organization
IVHS Intelligent Vehicle-Highway System
LRMP Land Records Management Program, North Carolina
MARC MAchine Readable Cataloguing, Library of Congress
MC&G Mapping, charting, and geodetic data (DMA)
MSC Mapping Science Committee
NASA National Aeronautics and Space Administration
NASS National Agricultural Statistical Service
NAVD 88 North American Vertical Datum of 1988
NAWQA National Water-Quality Assessment (USGS program)
NCGIA National Center for Geographic Information and Analysis
NDCDB National Digital Cartographic Data Base
NGDS National Geographic Data System
NGRS National Geodetic Reference System
NGS National Geodetic Survey, NOAA
NISO National Information Standards Organization
NIST National Institute of Standards and Technology
NMD National Mapping Division, USGS
NOAA National Oceanic and Atmospheric Administration,

Department of Commerce
NREN National Research and Education Network
NRI National Resource Inventory, SCS
NSDI National Spatial Data Infrastructure
NSF National Science Foundation
OMB Office of Management and Budget
PLSS Public Land Survey System (BLM)
PSU Primary Sampling Units (SCS's NRI)
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QA/QC Quality assurance and quality control
SCS Soil Conservation Service, USDA
SCSD Street Centerline Spatial Data Bases
SDTS Spatial Data Transfer Standard
TIGER Topologically Integrated Geographic Encoding and

Referencing system (Bureau of the Census product)
TVA Tennessee Valley Authority
URISA Urban and Regional Information Systems Association
USDA United States Department of Agriculture
USFS U.S. Forest Service, USDA
USGS United States Geological Survey, DOI
USPS U.S. Postal Service
VPF Vector Product Format
WAIS Wide Area Information Servers
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