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Foreword

It is significant that the 20 member organizations of the
Renewable Natural Resources Foundation decided many
months ago to authorize a national meeting on geographic
information systems (GIS) and sustainability. The selection
and joining of these subjects, from the many considered, was
significant recognition by this scientific community of the
increasing importance of GIS to advancing sustainability.

This report describes an important interdisciplinary gath-
ering of more than 100 professionals, scientists and educa-
tors at Jackson Lake Lodge in Grand Teton National Park,
Wyoming, September 11–14, 1996. Delegates to this na-
tional congress on “Applications of Geographic Information
Systems to the Sustainability of Renewable Natural Re-
sources” were nominated by RNRF’s 20 member organiza-
tions. The synergy created by this diverse group of del-
egates—from different employment sectors, from across the
continent, and trained in the biological, physical and social
sciences—resulted in numerous insightful recommenda-
tions to guide our future efforts.

GIS is a technology that can empower communities to
participate more knowledgeably in local and regional land-
use and other natural resources decisions. It is a technology
that promotes interdisciplinary approaches to natural re-
sources management—something in which RNRF members
believe. Finally, GIS is an important tool in analyzing and
visualizing complex problems. Using this technology in-
creases the probability of making better decisions.

This report outlines what needs to be done to realize the
potential of GIS in promoting the sustainability of renewable

natural resources. And, there is plenty to be done. As you will
note, important implementation responsibilities must be
borne by private companies, communities, nonprofit organi-
zations, educational institutions, and county, state and fed-
eral agencies.

Before closing, I am delighted to recognize the efforts of
many who contributed to the success of this program. First,
Gale W. TeSelle, chair of the Congress Program Committee,
and the other 15 volunteers who served with him deserve an
enormous amount of credit (see the committee roster on page
3). They took the general concept for the meeting, approved
by the RNRF Board of Directors, and gave it depth and sub-
stance.

Another important contribution was made by the faculty,
graduate students, and other personnel of the College of
Natural Resources at Utah State University. The college
hosted a wonderful opening session, with welcoming re-
marks from Provost Jay Gouge. During the three-day con-
gress, faculty members served as working group chairs, and
graduate students served as working group reporters. We
could not have succeeded without them.

Finally, a very special thanks goes out to the federal agen-
cies which recognize the importance of this interdisciplinary
work by providing financial support. Our federal partners are
listed on page 3.

Richard L. Duesterhaus
Chairman, Board of Directors

Renewable Natural Resources Foundation
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In recognition of the critical role that
geographic information systems (GIS)
play in resource management, the Re-
newable Natural Resources Foundation
(RNRF) convened a national meeting of
GIS and resource management profes-
sionals to explore the use of GIS as a
tool for promoting the sustainability of
renewable natural resources, particu-
larly at the community level. The meet-
ing, entitled “Applications of Geo-
graphic Information Systems (GIS) to
the Sustainability of Renewable Natural
Resources,” was held at the Jackson
Lake Lodge in Grand Teton National
Park, Wyoming, on September 11-14,
1996.

The purpose of the meeting was
based on the premise that resource man-
agers and local communities need  and
demand quality information about what
resources are available and where they
are located. This information must be
accurate, consistent, timely, and share-
able. As the management of natural re-
sources becomes increasingly commu-
nity oriented and the public seeks more
information and accountability, GIS

should be considered an essential ana-
lytical tool for quickly accessing and
communicating land-and resource-
planning information among resource
specialists and local communities.

RNRF member organizations be-
lieve that GIS is being underutilized by
resource managers and by local com-
munities. In order to remedy this prob-
lem, RNRF brought together over 100
delegates from across the United States
and Canada to reach a greater under-
standing of the uses and applications of
GIS as a tool for promoting sustainable
resource management among the pro-
fessional, scientific, educational, re-
source management, and policy-mak-
ing communities.

The delegates were nominated by the
20 member organizations of RNRF.
RNRF made considerable effort to
achieve a broad spectrum of disciplines
and backgrounds among the delegates
who represented many different local,
state, and federal resource management
and planning agencies, academic insti-
tutions, non-governmental organiza-
tions (NGOs), and the private sector.
Many of the leading authorities in re-
source management and GIS attended
the congress. However, it was not a fo-
rum only for “experts” in GIS; RNRF
made a concerted effort to include pro-
fessionals from diverse fields who
would benefit from attending the meet-
ing regardless of their background in
GIS. Indeed, one of the primary objec-
tives of the congress was to promote the
future use of GIS among planning and

resource management professionals
who have had little experience with the
technology. A list of delegates is pro-
vided in the appendix.

The congress had three specific ob-
jectives: 1) provide a forum for an inter-
disciplinary dialogue and examination
of the applications of GIS for resource
sustainability in the planning, manage-
ment, decision-making, and conserva-
tion of renewable natural resources; 2)
determine the priority issues concern-
ing the accessibility, accuracy, consis-
tency, and capability of the information
that can be utilized through GIS
tecnnology, and consider future appli-
cations of GIS technology in resource
analysis, integrating and managing
data, and in communicating  possible
solutions to complex  environmental
problems; and 3) recommend ap-
proaches or actions that need to be
taken by federal and state governments,
universities, private enterprises, and
the natural resources professions to
better utilize GIS and its potential ben-
efits to community-based decision
making in land and resource planning.

Six broad topics were the focus of
discussion. Working groups were orga-
nized around each of these topics. The
topics were identified by the RNRF
Congress Program Committee as key
issues that confront resource managers
and planners in furthering the use of
GIS as a tool for promoting the sustain-
ability of renewable natural resources.
The six topics and working groups
were:

Introduction

Peter M. Morrisette

The author of this report, Peter M.
Morrisette, formerly a member of the
RNRF Board of Directors, has a Ph.D.
in geography and works as a research
consultant based in Victor, Idaho. He
has held positions with Resources for
the Future (RFF) and the Consortium
for International Earth Science Infor-
mation Network (CIESIN).
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1. RESOURCE SUSTAINABILITY
DATA AND INFORMATION
TECHNOLOGY REQUIREMENTS

The focus of this group was to ad-
dress the data and technology require-
ments of  communities for effectively
managing and sustaining renewable
natural resources. This group, which
had to tackle both the concept of sus-
tainability and community, had perhaps
the broadest scope of the six working
groups. Specifically, participants in this
working group assessed the data and
technology needs of communities for
utilizing GIS, the community level indi-
cators of resource health and the data
needed to support those indicators, the
ways in which a local community as-
sesses its resource sustainability goals
within the context of state and national
goals, and the ways in which GIS tech-
nology can support the decision mak-
ing process.

2. GIS AND TELECOMMUNI-
CATIONS TECHNOLOGY

This group addressed the technology
issues that both enable and limit a
community’s access to information,
data, and tools for using GIS in the man-
agement of renewable natural re-
sources. With revolutionary changes in
software and hardware, and the explo-
sive growth in use of the Internet and the
World Wide Web, this group had to
tackle some very timely and difficult
issues. Questions that participants con-
sidered included the limitations that re-
strict community access to GIS tech-
nologies, the extent to which cost is a
factor, the extent to which more re-
search and development could aid in
solving the problem, and other actions
needed to increase accessibility to GIS
technology at the community level.

3. DATA AND DATA MANAGE-
MENT

Identifying data needs and assessing
the adequacy of existing data for com-

munities to engage in sustainable natu-
ral resources management was the is-
sue addressed by this working group.
Data lie at the heart of GIS, and this
group had the task of exploring the data
needs of local communities for effec-
tively utilizing GIS technology. Par-
ticipants in this working group consid-
ered whether there are adequate means
for knowing what data exist, whether
they are useful at the community level,
and whether there are adequate stan-
dards in place for sharing data. Partici-
pants also addressed questions of data
integration, privacy, and legal liabili-
ties.

4. EDUCATION AND
AWARENESS

Fostering an awareness of GIS tech-
nology as a tool for achieving the sus-
tainable management of renewable
natural resources, particularly at the
community level, was the focus of this
working group. Participants considered
the relationship between GIS technol-
ogy and sustainability, the steps needed
to increase awareness of GIS, what dif-
ferent user groups need to know about
GIS, the practical applications of GIS
in resource management and economic
development, and the role of formal
education at all levels in increasing
awareness of GIS.

5. ROLES AND
RESPONSIBILITIES OF THE
FEDERAL, STATE, LOCAL
GOVERNMENT SECTORS, NON-
GOVERNMENTAL ORGANIZA-
TIONS, PRIVATE, AND
ACADEMIC SECTORS

What are the roles of government at
all levels, universities and the research
community, non-governmental organi-
zations, and the private sector in pro-
moting the use of GIS as a tool for
achieving sustainability of renewable
natural resources? This was the ques-
tion addressed by this working group.
Specifically, this group focused on is-

sues concerning how these large and
diverse institutions and organizations
could effectively work together, the
specific roles of the private and public
sectors in database management, and
the adequacy of existing mechanisms
for coordination. In addition, working
group members considered the role of
RNRF member organizations in en-
hancing the application of GIS technol-
ogy to resource sustainability.

6. CASE STUDIES,
APPLICATIONS, AND WORKING
MODELS

The focus of this working group was
to identify and explore examples of ef-
fective resource sustainability that
could serve as models for others. Spe-
cifically, participants in this working
group considered models at the federal
or state level that might be useful to lo-
cal communities, and examples at the
community level that could serve as a
model at the state and federal level.
How do you evaluate case studies, what
are the indicators of success, and how
do you initiate support for projects at
the community level were other issues
considered by this group.

Delegates were assigned to working
groups based on preferences that they
identified on their meeting registration
forms. RNRF made every effort to both
meet the preferences of delegates and
achieve a balance of disciplines and
perspectives in each working group.
Using a model developed at its 1992
Congress in Vail, Colorado, RNRF ro-
tated delegates among different work-
ing groups. Each working group met
for four two-hour sessions. Only the
chair and recorder remained the same
for each session of a working group.
Working group chairs and recorders
were from the College of Natural Re-
sources at Utah State University. This
model of rotating delegates among four
of the six working groups provided an
opportunity for delegates to comment
on an array of issues, and for each
working group to incorporate ideas and
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concepts discussed in other groups. A
set of questions was distributed to del-
egates at the start of each working
group session. The questions, devel-
oped by the RNRF Congress Program
Committee, were intended as an aid to
structure the discussion of the group.

The congress opened with an evening
reception on September 11 hosted by
the College of Natural Resources at
Utah State University. The first full day
of the meeting (September 12) began
with plenary sessions in the morning
and early afternoon. Delegates then met
in the first of four working group ses-
sions. Working group sessions contin-
ued all day on September 13, and the
congress concluded on the morning of
September 14 with a final plenary ses-
sion where summary reports of the
working group findings were presented.

To set the context for the working
group discussions, the congress opened
with three plenary talks and the presen-
tation of two case studies. In the first
plenary, Robert D. Day, executive di-
rector of RNRF, presented an overview
of the concept of sustainable develop-
ment utilizing the recent report of the
President’s Council on Sustainable De-
velopment. Day noted that the concept
of sustainable development can be
viewed as a natural evolution from the
traditional concept of resource conser-
vation to one that more fully includes
human values. Sustainable develop-
ment is not necessarily an intractable
problem. Managers need to approach it
from an incremental perspective in
which they breakdown large complex
issues into smaller individual problems
that have workable solutions. Day
views GIS as an enabling technology
that will help resource managers at the
community level develop these work-
able solutions contributing to sustain-
able development and the sustainability
of natural resources.

In the second plenary presentation,
Jack Dangermond, founder and CEO of
Environmental Systems Research Insti-
tute, presented an overview of the his-

tory and uses of GIS technology and
some insights on its future potential.
Dangermond explained that GIS pro-
vides a holistic method for examining
resource sustainability issues that al-
lows for a cross-cutting look at prob-
lems and solutions. Technology is be-
coming less of a limiting factor. The
focus now is on issues of data and sci-
ence. He noted the growing reach and
pervasiveness of GIS. GIS tools are
now embedded in other software and
available over the Internet. The trend,
according to Dangermond, is clearly
toward more transparent technologies
and more users. He believes that the In-
ternet will be the future home of GIS
technology, and it will displace tradi-
tional desktop uses. He notes that the
age of “maps and apps” is already upon
us, where we download a map and an
application from the Internet.
Dangermond is concerned, however,
that with the growing pervasiveness
and transparency of GIS technology,
we run the risk of simplifying problems
and solutions and becoming lost in a
world of virtual reality. We must be
careful not to lose touch with the real
world. Nevertheless, GIS is one of the
best tools we have for integrating infor-
mation and data, and we must strive to
make the most comprehensive use of it.

In the third plenary talk, John J.
Moeller who is the staff director of the
Federal Geographic Data Committee
(FGDC), provided an overview of fed-
eral data coordination activities.
Moeller explained the role of the
FGDC, National Spatial Data Infra-
structure (NSDI), and the National
Data Clearinghouse. These programs
are aimed at building partnerships for
sharing geospatial data and for estab-
lishing shared standards. In addition to
these three plenary talks, there also was
an evening presentation on the evolu-
tion of the GIS profession by John C.
Antenucci of Plan Graphics, Inc.

The two case-study presentations
provided delegates with some real-
world examples of how GIS is being

used by communities to solve problems
of resource sustainability. The first
case study focused on efforts to use GIS
technology in the Greater Yellowstone
Ecosystem. The Greater Yellowstone
Ecosystem includes over 20 million
acres centered on Yellowstone Na-
tional Park and the seven national for-
ests that surround it. A panel discussion
was organized by Frederic H. Wagner
of the College of Natural Resources at
Utah State University. The panelists
included Anthony Barnosky of the
Mountain Research Center at Montana
State University; Dave Heilig of the
USDA Natural Resources Conserva-
tion Service; Marshall Mayer, CEO of
Desk Top Assistance; Jerry Reese, su-
pervisor of the Targhee National For-
est; and John D. Varley, director of the
Yellowstone Center for Resources, Na-
tional Park Service. The panelists rep-
resented diverse backgrounds and in-
terests, and presented numerous
examples of how GIS is being used by
state and federal agencies, local gov-
ernments, researchers, and NGOs to
address questions of resource sustain-
ability in the Greater Yellowstone Eco-
system. The panelists noted several
successful applications of GIS to re-
source sustainability; however, they
also underscored the need for more co-
operation in data collection and shar-
ing.

The second case study focused on ef-
forts by the New Jersey Department of
Environmental Protection to incorpo-
rate GIS into all of its permitting and
monitoring activities. The presentation
was made by Henry Garie, director of
the Office of Information Resources
Management for the New Jersey De-
partment of Environmental Protection.
Garie noted that New Jersey is using
GIS to help strike a balance between
environmental protection and eco-
nomic development. He illustrated how
GIS is used throughout his agency to
integrate data and make day-to-day
management, monitoring, and permit-
ting decisions. Garie also noted how his
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agency has worked with NGOs to im-
prove public access to environmental
information in New Jersey.

The remainder of this report presents
the discussions, findings, conclusions,
and recommendations of the delegate
working groups from the congress. The
report is structured around these six
working groups. This report is based on
the official recorder notes for each ses-
sion, and on notes provided by session
chairs and by volunteer recorders who
were selected from among delegates at-

tending each working group session.
This overview report would not have
been possible without the high–quality
notes provided by these individuals.

No formal effort was made at reach-
ing a consensus among all the delegates
on all the issues. Each working group
had its own dynamic and incorporated
different approaches for structuring dis-
cussions and reaching conclusions.
There also were variations from ses-
sion-to-session within working groups.
This report attempts to accurately por-

tray the content and spirit of the discus-
sions that took place within the indi-
vidual working group sessions. The
findings, conclusions, and recommen-
dations reached at the congress, and in-
cluded in this report, represent the opin-
ions and ideas of the delegates attending
the congress and not necessarily those
of the Renewable Natural Resources
Foundation and its member organiza-
tions, the agencies and organizations
that provided financial support, or the
author.«
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To effectively use GIS as a tool for
sustainable natural resources man-
agement, local communities need ac-
cess to data and information about
their natural resources and the condi-
tion of their environment. These data
and information must be assessed and
utilized in a complex social and po-
litical environment in which local
values and goals may not mesh well
with the goals and values of outside
organizations and institutions (e.g.,
state and federal agencies or environ-
mental groups). Delegates in this
working group considered the envi-
ronmental data and information
needs of local communities, the ef-
forts needed to meet these data and
information needs, and the means for
addressing local community needs in
the context of state and national goals
for sustainable development. The fol-
lowing seven questions were pro-
vided as a basis for discussion:
1. What data are required for a

community to effectively
discuss, plan, and engage in
efforts to sustain renewable
natural resources?

2. How can a community go about
establishing indicators of
resource health?

3. What are the data needs and
resource-health indicators for a
state or nation to support its goal
of sustaining renewable natural
resources?

Resource Sustainability Data
and Information Technology Requirements

4. How does a community assess
the relationship between its
resource-health indicators and
state or national goals?

5. What natural resource
inventories and monitoring data
are needed to measure indicators
of resource health?

6. What information technologies
are needed by communities to
support decision making
processes related to efforts to
sustain natural re-sources?

7. What decision-support systems
and technologies need to be
accessible to a broad range of
citizens in a community?
For most delegates, addressing these

questions first required an attempt at
defining what community and sustain-
ability mean. This was an issue raised
by all four working group sessions and
formed the basis for much discussion.
In general, delegates agreed that com-
munities exist at more than one scale,
and can be centered on a place or de-
fined by shared values and interests.
However, most of the focus was on the
idea of community as a local place.
Within that place, there can be diver-
gent values and interests, and local
places fit into a larger state and national
context.

Most delegates agreed that sustain-
ability must be defined within the con-
text of the goals and values of a local
community. However, a local commu-

nity does not exist in isolation, we also
need a shared national concept of sus-
tainability. Ideally, goals and values at
the local level would mesh with those at
the state and national levels, but often
this is not the case. Cooperation in the
collection, sharing, and analysis of en-
vironmental data is a good place to be-
gin to build a shared concept of what
sustainability means to a community
and to the nation. Ecosystem health and
management are other useful concepts
for defining and guiding sustainability
at the community level. Respect for
community values is important in de-
veloping a concept of what sustainabil-
ity means at the local and national level.

Spatial scale was a cross-cutting fac-
tor for all the issues discussed in this
working group. Delegates spent a great
deal of time trying to come to terms with
how concepts of community and sus-
tainability might differ at various
scales–local, regional, national and glo-
bal. Data needed for effective resource
management and indicators of sustain-
ability and ecosystem health also differ
by scale. Again, cooperation in the col-
lection, sharing, and analysis of envi-
ronmental data is a good place to begin
to resolve problems of scale and to de-
velop shared concepts of sustainability
and ecosystem health.

Delegates agreed that data needs de-
fine themselves on a problem or issue
basis (i.e., data needs are locally de-
fined), but there is a clear need for good
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baseline and inventory data on the con-
dition of natural resources and the
health of the environment at all scales.
Despite the wealth of data that already
exists, we still do not have a good un-
derstanding of the condition of our
natural resources. We need baseline
data sets that can be meshed or inte-
grated, but because there are few stan-
dards that guide data collection, often it
is difficult to combine two or more data
sets. We need better and standardized
metadata (background information
about data) that addresses the problem
of data integration and informs users
about appropriate applications of a data
set. We also need to be collecting good
social and economic data along with
natural resources data. Finally, del-
egates in one session noted that infor-
mation about ecosystem processes is as
important as spatial pattern data, and
that not all natural resources and data
are equal–some factors are better indi-
cators or stronger causative agents of
what is happening in a given environ-
ment.

In the discussion about indicators of
ecosystem health, delegates noted
many of the same issues (e.g., scale,
standardization of data) raised during
the discussion of data needs. Most del-
egates agreed that indicators of re-
source sustainability need to be bot-
tom-up; that is, they need to have
relevance at the local community level.
These local indicators also need to be
developed in the context of national in-
dicators of sustainability. There was
little agreement on what are the impor-
tant local indicators. Most delegates
believed that these indicators would de-
fine themselves based on the particular
issues and problems. There was agree-
ment that the report of the President’s
Council on Sustainable Development
was a good starting point for developing
national indicators of sustainable devel-
opment, but that much more work was
needed. We need more research to
identify the proper indicators, and we
need to better understand the relation-

ship between indicators and ecological
concepts such as thresholds and carry-
ing capacity.

Environmental data does little good
if local communities do not utilize it.
Indeed, promoting the use of environ-
mental data is a good way to start local
communities thinking about issues of
sustainability and how their natural re-
source management goals can mesh
with state and national goals. Access to
GIS technology and to data are barriers
to incorporating environmental infor-
mation into local decision-making.
Cost is a factor limiting access to tech-
nology and data. More significant lim-
iting factors are the lack of knowledge
about the applications of GIS and train-
ing in how to use this technology. In
addition, we need to teach more about
ecosystem management and spatial
analysis. Providing technology and
data are not enough, local resource
managers need to know how to make
use of the information that these tech-
nologies and data are unearthing. Nev-
ertheless, there was agreement that lo-
cal communities would benefit greatly
from better access to GIS technology,
the Internet, and environmental data.

Delegates agreed that it was impor-
tant for local communities to be part of
the decision-making process. For GIS
to be an effective tool for local resource
managers, these managers need to be
partners in the application of GIS to en-
vironmental management issues in their
communities. It is too often the case that
state or federal governments own the
technology and data, and that there is
little participation from, and consulta-
tion with, local communities. State and
federal agencies need to be more sensi-
tive to the needs of local communities.
Delegates also noted a need for more
and better efforts at conflict resolution.
Indeed, the ability of GIS to help inte-
grate and visualize complex sets of en-
vironmental data make it a very useful
tool for conflict resolution, but all the
stakeholders need to believe that the
process for using this GIS is legitimate.

Finally, two suggestions where
made that seemed to cut across many of
the issues discussed by the delegates in
this working group. The first is the need
for a handbook to help communities
understand the concepts of natural re-
source inventories and assessments,
and the use of information technology
to support ecosystem management and
resource sustainability. This handbook
would contain information about how
to collect data and establish indicators
for community sustainability, as well
as information about where to find and
how to use GIS and other information
technologies for resource planning and
decision making.

The second suggestion concerned
the value of case studies as a learning
tool. There is a wealth of good case-
study material available. We need to
make better use of this material, and we
need to improve methods for integrat-
ing case studies and drawing general-
ized conclusions that are applicable to
other problems.

This working group grappled with
many far reaching and difficult issues
regarding communities and sustainabil-
ity, not the least of which was trying to
come to terms with what community
and sustainability mean. Delegates
agreed that meaningful concepts of
community and sustainability must
have local roots, but that these local
places also were part of larger state, na-
tional, and global communities. Re-
source managers at all administrative
levels need to make a better effort at
understanding each other’s values and
needs. Cooperating in the development
and use of baseline data sets, indicators
of resource health, and applications of
GIS technology can help resource man-
agers address issues of resource sustain-
ability in a manner that cuts across
scales. We need to bring local commu-
nities more fully into the process of de-
veloping data sets and using GIS tech-
nology.«
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GIS technology is a powerful tool for
assembling, integrating, and visualiz-
ing natural resources data, and can con-
tribute in significant ways to the devel-
opment and implementation of
sustainable resource management
strategies. However, for GIS to make a
useful contribution, resource managers
and policy makers must have access to
the technology. This working group ex-
amined how to improve access to GIS
technology, particularly by local re-
source managers and the public. Del-
egates participating in this working
group considered five questions:
1. Are there limitations that sig-

nificantly restrict the
accessibility and usefulness of
GIS and tele-communications
technologies to communities that
want to be involved in decision-
making processes pertaining to
management of renewable natural
resources? What are these
limitations?

2. Are there adequate industry
standards in place to support
universal and open access to data
through common formats and
command languages?

3. Is more research and
development needed, and if so, in
what areas?

4. Are the costs involved in using
technologies reasonable to
provide adequate public and
community access?

5. What actions can be taken to in-
crease general use and
accessibility?

GIS and Telecommunications Technology

Delegates participating in the four
sessions of this working group tackled
these five questions in order. The dis-
cussions for each question certainly
overlapped; however, the delegates
reached some very specific conclusions
and suggestions for each question
which are summarized below.

LIMITATIONS TO
ACCESSIBILITY AND
USEFULNESS OF GIS

A wide-ranging discussion occurred
in all four sessions regarding the ques-
tion of limitations to the accessibility of
GIS technology. Access to both tech-
nology and data is a limiting factor for
everyone working with GIS, whether
they are at a university or work for a
federal agency. However, access is a
particularly acute problem for local re-
source managers. Cost is a big part of
the problem, but lack of training and
knowledge about the applications of
GIS and where to find data are also very
significant limiting factors.

Delegates saw a pressing need for
more and better education about GIS.
Many local resource managers and
much of the public do not know about
GIS. Efforts at improving awareness of
GIS applications and improving educa-
tion and training in the use of the tech-
nology will lead to better access to the
technology. People need to know about
the technology before they can use it.
Many delegates believed that when
more resource managers and the public
are exposed to GIS and understand its

benefits, they will demand better ac-
cess. Several delegates noted that edu-
cation and training must focus on how
to use the information that GIS makes
available, and not just on how to ma-
nipulate GIS technology.

Making GIS technology easier to use
or more “user friendly” was another
common suggestion. Many people shy
away from GIS technology because it is
perceived to be too complicated. New
technologies that embed GIS into other
software applications, and the availabil-
ity of GIS tools over the Internet, al-
ready are increasing access to the tech-
nology. Also, many users may not need
large datasets and the software to
handle them. Representing basic data
on a map is all that many local planners
need. The Internet is a powerful tool for
providing access to GIS applications
and to data. It is an easy-to-use and
cost-efficient delivery system, but
some delegates noted that the Internet
also has limitations. Access to the
Internet in rural areas still is a problem,
and it is slow and often not reliable.
Delegates agreed, however, that better,
easier-to-use GIS tools that utilize the
Internet and other new technologies
will attract more users.

Issues concerning privacy of data,
data security, proprietary ownership of
data, and liability from the use of data
are other important factors that limit the
use of GIS technology. These factors
often are not well understood by users.
Cost, of course, is a key factor limiting
community access to GIS (this issue is
covered in greater detail in the section
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on Education and Awareness). Limita-
tions in the telecommunications infra-
structure, particularly available band-
width, also curtail access.

ADEQUACY OF INDUSTRY
STANDARDS

Many delegates thought that lack of
standardized metadata (information
that explains the origins and uses of the
data) is a problem, but numerous agen-
cies, professional organizations, and in-
dustries are trying to address this issue.
There was some concern that the cur-
rent FGDC metadata standards are
overly complex and should be refined.
In addition, metadata standards need to
better address issues of scale and layer-
ing so that different data sets can be in-
tegrated. There also was discussion
over how open the process of standard
setting should be. Delegates agreed that
GIS hardware, software, and telecom-
munications standards will likely come
from industry, and data standards from
the professions. Delegates further noted
the need for coordination among fed-
eral, state, and local agencies in estab-
lishing data standards.

Finally, there was much discussion
about the different roles of public agen-
cies and the private sector in establish-
ing metadata standards and developing
data. This discussion centered on the
issue of who pays for and should have
access to data. Most delegates agreed
that data collected by public agencies
should be available to the public, and
that private industry has a proprietary
right to data that it has developed.

NEED FOR RESEARCH AND
DEVELOPMENT

Most delegates noted a need for more
data, particularly baseline or inventory
data that are useful to a wide audience.

The need for improvements in data ac-
curacy and the development of methods
for addressing problems of data inaccu-
racy were noted by several participants.
The trend away from public data devel-
opment and toward private data devel-
opment concerned some delegates. Ac-
cess to data could be a problem. Other
delegates noted a need for better data
archiving methods. They were con-
cerned that changes in technology and
standards might make data archived to-
day obsolete in five or ten years.

Technological change was a major
topic of discussion. There was discus-
sion but no agreement over whether
needs and uses were outpacing devel-
opments in GIS technology, or whether
the technology was being
underutilized. There was agreement,
however, that the Internet and World
Wide Web will be an important part of
future technological developments.
Many delegates noted the need for im-
provement in getting reliable, useable
information into the hands of users
quickly. The development of more
user-friendly GIS applications and ex-
panded use of the Internet as a delivery
system are potentially powerful tools
for accomplishing this goal.

Finally, there is a need for research
into the effect that GIS is having on re-
source management decision making.
We need to understand how GIS has
changed the way resource management
decisions are being made, and the im-
pacts of those changes on landscapes
and people.

COSTS OF USING GIS
TECHNOLOGIES

Delegates agreed that cost is a key
factor limiting the use of GIS by local
governments, schools, and libraries.
These costs involve not only hardware
and software, but also data, training,

and salaries. Indeed, data and personnel
costs often are much greater than hard-
ware and software costs. We need to
develop low-cost and easy-to-use GIS
products, and we need to demonstrate
the cost effectiveness of using GIS. In
addition, the public, not just local gov-
ernments, needs to be made aware of
the usefulness and cost effectiveness of
GIS.

Demonstrating cost effectiveness is
critical. Local governments are con-
cerned about whether they will get their
money’s worth out of GIS. These con-
cerns are based not only on issues of
direct costs such as software and hard-
ware, but also on whether the technol-
ogy is useful and accurate. Using
county extension agents was suggested
as one means of demonstrating the use-
fulness and cost effectiveness of GIS to
local governments. Delegates also dis-
cussed whether it was appropriate for
local governments to charge the public
for data and GIS services. Cost recovery
is an important issue that needs to be
considered by local governments.

ACTIONS NEEDED TO INCREASE
ACCESSIBILITY

Better efforts at building awareness
of GIS and educating people about how
to use the technology are important
steps to improving access and use. GIS
education at the K-12 level was stressed
by many delegates. Education needs to
focus both on how to use GIS and how
to think spatially. Teachers need to be
trained about GIS and spatial analysis
and how they can be used in the class-
room. We also need to place more em-
phasis on natural resources and envi-
ronmental education so that people
know how to interpret and understand
the information that is produced using
GIS. Delegates agreed that once people
know what GIS can do for them, they
will want to use it.«
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Data collection and management are
key elements in developing a GIS sys-
tem for managing natural resources.
GIS technology is not of much use if
there are no available data. Do we have
good data, particularly at the commu-
nity level, for managing natural re-
sources in a sustainable manner? This
question was the focus of discussion for
this working group. Delegates exam-
ined a wide range of issues concerning
the availability and quality of data, the
adequacy of metadata standards, and
problems of privacy, accuracy, and li-
ability. Discussions in this group ad-
dressed eight specific questions:
1. Are there adequate means of

knowing what data exist and
whether the data are useful for
purposes of community efforts to
sustain natural resources?

2. Are there certain fundamental
databases that are most important
and that should receive highest
priority for development?

3. Are there adequate standards in
place for renewable natural re-
sources data and related data so
that integrated use and data
sharing can occur?

4. Do we have adequate
understanding of the relationship
between natural resources and
environmental-health indicators
and the inventories of data
holdings in these areas that are
currently available?

5. What is the best way to
accomplish data integration for
project-level use?

Data and Data Management

6. Who should maintain currency
and accuracy of data?

7. How should concerns of privacy
of information be handled in a
community-based project?

8. Are there legal liabilities likely to
result from using data that are in
error or inaccurate?
Each session of this working group

focused its discussion on a different set
of these questions, and none of the
working groups had enough time to ad-
dress all eight questions. For example,
metadata standards and indicators were
the focus of one session, while another
session spent more time with the prob-
lem of data integration. Privacy was an
issue that all four sessions addressed.
The summary below is organized
around five topics: data and metadata,
fundamental databases, indicators, data
integration, and privacy, accuracy, and
liability.

DATA AND METADATA
STANDARDS

Most delegates agreed that current
metadata standards need to be simpli-
fied and refined. Metadata is the infor-
mation that explains what a specific
data set is, how the data were collected,
and how the data should be used. Some
delegates felt that quality of metadata
was not as much of a problem as the fact
that users seem to ignore metadata.
Others argued that metadata was too
complex or not easily available, and
that is why users tend to ignore it. Re-
gardless of these differences, delegates

agreed that current metadata standards
are inadequate.

Delegates agreed that there is a need
for a common, minimum standard for
metadata that everyone follows.  De-
veloping a common, minimum stan-
dard will not be easy. Clearly there are
important roles here for the federal
agencies and other data organizations,
but the process must also include local
communities and users.  One sugges-
tion was to develop a certification pro-
cess for metadata. This process would
certify that a specific data set contains
metadata information in accordance
with at least the minimum standard.
There is also a need for better education
of users about the role and importance
of metadata. Users need to know what
metadata is and how to use it. In addi-
tion, it is important that metadata is de-
livered as part of the package that con-
tains the data.

Access to data and metadata was an-
other issue discussed by delegates. Ev-
eryone agreed that there are important
roles here for the Internet, data cata-
logs, and data clearinghouses. We need
to improve our ability to let users know
what data and metadata are available,
even if the information being provided
is incomplete. Libraries and librarians
should be a part of the process. Several
delegates cited examples (from Mon-
tana and Pennsylvania) of the valuable
role of libraries in providing access to,
and information about, data. There also
is a need for better metadata browsers
that incorporate improved search ser-
vices and pathways for locating data.
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FUNDAMENTAL DATABASES

There was a wide-ranging discussion
over the issue of what constitutes com-
plete, fundamental resource-inventory
data sets. Some key types of data were
cited as essential (e.g., soils and demo-
graphic data), but delegates agreed that
data needs vary based on the needs of a
community and the issue being ad-
dressed. Still there was agreement on
the need for complete, baseline or in-
ventory data sets. In addition, standards
need to address issues related to scale,
layering, and integration. Problems
with matching, overlaying, and inte-
grating data are a barrier to developing
baseline data sets. Digital orthophoto
quads (DOQs) were cited as a good base
to work from to develop baseline data
sets.

INDICATORS OF
ENVIRONMENTAL HEALTH

Delegates noted that we do not have
an adequate understanding of the rela-
tionship between natural resources data
and environmental-health indicators.
Indeed, we do not know much about en-
vironmental-health indicators, or what
constitutes a healthy ecosystem. Del-
egates agreed that environmental-
health indicators will vary among com-
munities, and that developing standards
for indicators will be very difficult. His-

torical data, such as data on land-use/
cover change, were cited as valuable
information for developing indicators
of environmental health.

DATA INTEGRATION

Data integration is essential but of-
ten very difficult because of lack of
standards, lack of a common base maps
such as digital orthophoto quads, and
problems with scale and layering. Dif-
ferent data sets do not match up well.
Delegates noted the need for coordina-
tion and collaboration among users and
developers so that issues of data inte-
gration can be resolved. Some del-
egates believed that the only way to re-
solve the integration of natural
resources data such as soils, land cover,
hydrology, and geology is to conduct
integrated, multi-agency collaborative
field resource-inventory and mapping
projects using the same base map at the
same time interval and scale.

ACCURACY, LIABILITY, AND
PRIVACY

The issues of accuracy, liability, and
privacy sparked a lively discussion
among the delegates. Everyone agreed
that these are very important issues.
Many delegates were concerned about
legal liabilities resulting from issues of
data accuracy. Developing accuracy

standards might help address this issue,
but users still need to take responsibil-
ity for using data correctly. Misuse of
data will be a problem regardless of ac-
curacy; therefore, the issue of liability
is not likely to go away any time soon.
Delegates did agree that the best way to
avoid legal liabilities is to fully de-
scribe the data uses and limitations in
the metadata record. Regarding the pri-
vacy issue, delegates agreed that some
data should remain private. Delegates
also felt that as more data becomes
available, and the use of GIS technol-
ogy becomes more widespread, pri-
vacy will increasingly be raised as an
issue. We need to be able to address the
privacy question when it is raised.

SYNTHESIS

The need for establishing minimum
standards was a common theme in the
discussions throughout this working
group. There is a need for standards for
addressing issues of accuracy, privacy,
data integration, environmental-health
indicators, data development, and
metadata. The process of developing
standards needs to involve agencies, lo-
cal communities, data users and devel-
opers, and the public. Many delegates
suggested the need for a database certi-
fication process for adherence to
metadata and data content standards.«
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One of the cross-cutting themes
throughout the meeting was how to im-
prove education and awareness about
GIS. All the working groups touched
on this issue in one form or another.
Many of the recommendations that
came from the working groups address-
ing data, technology, and resource
sustainability issues called for more
and better efforts at educating students,
professionals, and the public about
GIS. Foreseeing the importance of ef-
forts to improve education and aware-
ness of GIS, the congress organizers
specifically set up a working group to
explore this critical issue. Delegates
participating in the working group con-
sidered five questions:
1. How does GIS technology relate

to renewable natural resources
sus-tainability?

2. What steps need to be taken to
foster increased use and
awareness of GIS technology?

3. What specific user groups need
to be better informed about the
technology and its relationship to
resource sustainability?

4. What are the practical
applications and uses of GIS
technology related to decisions
that address resource
management issues in
conjunction with economic and
quality of life concerns?

5. What are the various roles of K-
12 schools, community colleges,
uni-versities, adult education,
extension and the private sector in
providing education to potential
GIS tech-nology users and
increasing aware-ness in the
broader community?

Education and Awareness

Discussions in this working group
covered all five questions but tended to
focus on the first two, which for most
delegates seemed to encompass the key
issues. The summary below attempts to
capture the breadth of ideas discussed
by the delegates, and is organized
around two themes: the relationship be-
tween GIS and natural resource sus-
tainability, and the steps needed to im-
prove education and awareness of GIS.

GIS AND SUSTAINABILITY

Most delegates agreed that there is
an important relationship between GIS
technology and efforts at developing
strategies for the sustainable manage-
ment of natural resources, but they un-
derscored the need for caution and care
in using GIS as a decision-making tool.
GIS is an excellent tool for organizing,
integrating, and displaying environ-
mental data, and therefore, it can con-
tribute to better informed decisions
about resource management. Further-
more, because GIS can integrate and
display data in ways that were previ-
ously not possible, it can also foster
new and innovative approaches to sus-
tainable resource management.

Many delegates noted that one of the
strengths of GIS as a decision-making
tool is its contribution to fostering com-
promise among competing interests.
GIS is a powerful tool that can help de-
cision makers better understand eco-
system patterns, and the specific rela-
tionship between uses and impacts. The
ability of GIS to integrate and display
data provides decision makers with a
new way to assess the implications of

specific resource uses and associated
impacts, and for identifying solutions.
Interests on different sides of a resource
issue can use GIS to reach a consensus
about how to manage and minimize
impacts on that resource.

The ability of GIS to display infor-
mation makes it a very persuasive tool,
but it is imperative that it be used in a
careful and informed manner. GIS is
only a visualization tool; it does not
produce solutions on its own. GIS us-
age must be rooted in a thorough
knowledge and understanding of spe-
cific problems and the inherent limits
of the data available to assess those
problems.

Quality data is a critical need. The
information produced by a GIS appli-
cation is only as good (or accurate) as
the data used to derive that information.
In addition, users of GIS must under-
stand how to ask the right questions–
that is, they must understand the types
of problems and issues that GIS is an
appropriate technology for addressing.
Delegates were very concerned about
problems that emerge from inaccurate
data and the misuse of GIS technology.
Resource managers, decision makers,
and other users of GIS must be respon-
sible and informed about the natural re-
source problem being studied to be in-
telligent users of the technology.

Some delegates also felt that GIS can
make a valuable contribution to partici-
patory democracy (particularly at the
local level), by providing the public
with more and better information about
environmental issues. The public can
now use GIS tools provided over the
Internet and embedded in CD ROM
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technology to access and manipulate
environmental data and information
that was previously unavailable. Del-
egates noted examples of public par-
ticipation illustrated in the Greater
Yellowstone Ecosystem and New Jer-
sey case studies presented during the
congress plenary session. However,
there was concern among some del-
egates that the decision-making pro-
cess could be overwhelmed by all the
new information that GIS technology
will make available.

STEPS FOR IMPROVING GIS
EDUCATION AND AWARENESS

Information by itself does not equal
understanding. Delegates agreed that
there is a pressing need to improve
awareness of GIS, but this must be
coupled with efforts to improve envi-
ronmental and geographic education.
The world of GIS users is broad–it in-
cludes professional resource managers
and planners, researchers, NGOs, and
the public. All of these users need to be
educated about how to use GIS technol-
ogy and the information that it pro-
duces. Delegates in all four sessions
underscored the need for more and bet-
ter efforts at teaching spatial analysis
and critical thinking skills to students
and professionals at all levels. Underly-
ing this recommendation was a belief
that just teaching people how to use
GIS was not enough, and would be irre-
sponsible. Individuals trained in GIS
also need to be trained in how to inter-
pret and judge the information that GIS
produces.

Increasing awareness of the benefits
of using GIS technology among plan-
ning and resource management profes-
sionals and the public is another critical
need. Many professionals in resource
management and planning still do not
understand how GIS can benefit them,
and the public has little or no under-
standing of the technology. Delegates
suggested continuing education pro-
grams and university extension ser-

vices as a way to reach professionals
and the media as a means to introduce
the public to GIS. However, before this
can be accomplished, educators and the
media need to be made aware of GIS as
well. Delegates felt that there is a role
here for RNRF and the professional re-
source management societies. The pro-
fessional societies need to take a lead
role in educating their members, the
media, and the public about GIS.

Some delegates felt that GIS tech-
nology is still too complex and needs to
be more user-friendly before it will
gain widespread use. Delegates also felt
that the products need to be simplified.
Users are still overwhelmed by the tech-
nology and the intricacies of the infor-
mation that it produces. There was a
feeling, however, that this was an itera-
tive process–increased exposure to and
use of GIS will lead to a higher comfort
level among users and a better under-
standing of GIS applications. In addi-
tion, the emergence of simple GIS ap-
plications on the World Wide Web is
indicative of a move toward more user-
friendly products.

There was substantial discussion in
this working group on the role of K-12
schools, community colleges and uni-
versities, and other forms of formal
education and training as a means of in-
creasing awareness about GIS. Del-
egates underscored the need for educa-
tion in spatial analysis, geography, and
ecology in addition to teaching GIS
skills. Few high school students are re-
quired to take a geography class, and
university programs in resource man-
agement are weak in spatial analysis.
Math and science requirements should
also be increased for both K-12 and un-
dergraduate college students.

Several delegates noted examples
from their home states (e.g., Utah,
North Carolina, and Florida) of how
GIS, spatial analysis, and environmen-
tal studies are being incorporated into
the K-12 curriculum. Government
agencies, non-profit organizations, and
private businesses are working with

schools across the country to incorpo-
rate GIS into school curriculums. Edu-
cating teachers about GIS and making
the technology available to schools are
key factors in introducing GIS to K-12
education. The Geographic Alliance
sponsored by the National Geographic
Society, and Vice President Albert
Gore’s Globe Project are good models
of how to work with schools, teachers,
and students at the K-12 level to in-
crease awareness of GIS and geogra-
phy. The effort by Environmental Sys-
tems Research Institute to bring GIS
software into K-12 classrooms is an-
other model program.

GIS and spatial analysis also need to
be an integral part of the resource man-
agement and environmental planning
curriculums at universities. Delegates
noted that this already is the case in
many university programs, but there is
room for improvement. Lack of funding
and a crowded curriculum are barriers
to adding additional courses in GIS.
Several delegates who were members
of university faculties noted that in re-
source management programs students
have few electives and little flexibility
in their curriculum requirements. Add-
ing more GIS training would mean
dropping something else. They ex-
plained, however, that GIS can be, and
is, taught within existing courses (e.g.,
resource planning or field methods).
Delegates agreed that better GIS train-
ing in universities was needed. How-
ever, delegates also stressed the need to
teach core classes in science, math, eth-
ics, and critical thinking. We need to
teach students of resource management
and planning how to be good profes-
sionals, as well as skilled users of GIS
technology.

Delegates agreed that there is a criti-
cal need for GIS training among mid-
career professionals. Many of these
professionals graduated from college
before GIS training was widely avail-
able within universities. Continuing
education programs are needed to train
mid-career professionals about GIS.
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State and federal resource management
agencies need to develop programs to
train their employees in GIS applica-
tions. An example was provided of how
one Forest Service office already is re-
training many of its employees in the
use of GIS technology. Small commu-
nities, however, often cannot afford the
cost of training. Delegates suggested
using university extension services as a
way to reach small communities. Del-
egates also believed that the profes-
sional societies should play a major role

in promoting efforts at retraining mid-
career professionals.

Delegates also noted the need for
trained technicians to perform the im-
portant data entry requirements of GIS.
Currently, there are not enough skilled
people available for data entry. Low pay
is one reason for the lack of skilled
workers, but lack of proper training in
data entry is a consistent problem. Del-
egates thought that community colleges
were good places to develop training
programs in data entry. A good data

entry training program should include
spatial analysis, in addition to GIS and
data entry skills.

Finally, delegates agreed that the
member organizations of RNRF need to
become more involved in supporting
GIS education. Suggested actions for
RNRF and its member organizations
included promoting awareness of GIS
among the resource management pro-
fessions and the public, and developing
guidelines and standards for GIS train-
ing and education programs.«
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Roles and Responsibilities of the
Federal, State, Local Government Sectors,
Non-governmental Organizations, and
Private and Academic Sectors

What are the roles and responsibili-
ties of the different actors and sectors
who have an interest in or benefit from
GIS technology? Who should bear the
cost of developing data? Who should
develop professional standards? Are
there different roles and responsibilities
for the public and private sectors? How
can cooperation and coordination be
improved? These questions and other
issues concerning professional roles
and responsibilities were the focus of
discussion in this working group. Be-
cause the issue of roles and responsibili-
ties is so broad, delegates were asked to
consider six specific questions:
1. How can federal, state, and local

government sectors best work
together to enhance the
applications of GIS technology to
resource sustainability?

2. What roles can individual organ-
izations of the Renewable
Natural Resources Foundation
play in efforts to enhance the
applications of GIS technology
to resource sustainability?

3. What role should the private
sector play in database
management and proprietary
ownership of data-bases?

4. What role should the public
sector have in database
management and proprietary
ownership?

5. Which organizations or sectors
should assume financial re-
sponsibility for development and
maintenance of databases?

6. Are the coordination
mechanisms that currently exist
adequate for the future
coordination of geospatial data,
GIS technology, telecommun-
ications, etc. among the various
organizations and sectors that are
likely to be involved in
community-based sustainable
development initiatives?
These six questions stimulated a

wide-ranging discussion in the four
working group sessions. Each session
approached these questions from differ-
ent premises, and sometimes came to
conflicting conclusions. Nevertheless,
several key conclusions resulted from
working group discussions. All four
sessions devoted a great deal of time
discussing the first question, and tended
to combine questions three, four, and
five into a single question about the dif-
ferent roles and responsibilities of the

public and private sectors. The sum-
mary presented below is organized
around four themes: 1) federal, state,
and local cooperation, 2) the role of
RNRF member organizations, 3) the
role of the public and private sectors,
and 4) mechanisms for coordination.

FEDERAL, STATE, AND LOCAL
COOPERATION

Delegates agreed that cooperation
among federal, state, and local agencies
is the key to improving the application
of GIS technology to problems of re-
source sustainability. They also agreed
that there are many barriers to effective
cooperation among the government
sectors. There was much discussion
among delegates on who should initiate
efforts at coordination and the specific
roles and functions of different agencies
and organizations. Delegates stressed
that no single approach or model will
work for everyone, and they warned
against becoming totally committed to
any single formula. Approaches to co-
operation and coordination will vary
among communities and problems.

In general delegates thought that the
initiative or motivation for coordina-
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tion needs to start at the local level–it
needs to be bottom up rather than top
down. Federal agencies should have in
place appropriate structures for re-
sponding to the needs of local commu-
nities. Delegates stressed the need for
federal agencies to be sensitive to local
issues and concerns. State agencies
need to play the role of coordinator be-
tween federal programs and local ac-
tivities. The state agencies are in the
best position, it was believed, to bring
local governments and federal agencies
together to address common needs and
problems. Communicating needs and
building partnerships are key elements
to effective cooperation among agen-
cies.

How do you develop local initiatives
for using GIS technology? Many del-
egates believe that the local initiative
often comes from visionary leadership.
Some individual or local organization
perceives a need for GIS technology
and starts the process of communica-
tion with state and federal agencies.
Delegates stressed the idea that there
must be a local “felt need” for GIS tech-
nology, and that efforts at cooperation
among local, state, and federal agencies
must be mutually supported. Delegates
also noted that grassroots NGOs can
play an important role by identifying a
need for GIS technology, and coordi-
nating efforts among local, state, and
federal agencies.

Many delegates perceived a lead role
for state agencies in facilitating coordi-
nation and cooperation. The state agen-
cies often are in a better position to
communicate with local governments
than are federal agencies. In addition,
federal funding for local activities of-
ten is channeled through state agencies.
The states also are in a better position to
identify needs and provide local train-
ing than are federal agencies.

Federal agencies should be in a posi-
tion to support state and local technical
and data needs, and to provide appro-
priate funding. Delegates also thought

that universities could serve as clear-
inghouses for data and information.
They noted that universities often have
a good relationship with federal, state,
and local agencies.

Delegates also agreed that federal
agencies need to improve coordination
and cooperation among themselves. In
particular, federal agencies need to im-
prove efforts at sharing data. Agencies
often do not always recognize that their
data may have wide applications be-
yond the specific purposes for which
they were collected. Delegates agreed
that the recently established Federal
Geographic Data Committee (FGDC)
was a positive step toward fostering
more inter-agency cooperation. Del-
egates also agreed that federal agencies
along with the FGDC should take the
lead in establishing metadata standards
and developing base-line data sets.
Federal agencies are in a better position
to undertake these tasks than are state
and local agencies.

Finally, delegates warned against
placing too much emphasis on technol-
ogy and losing sight of the main issue,
which is promoting sustainable man-
agement of natural resources. Sustain-
ability is a value-based concept that is
rooted in place. GIS is merely a tool for
assessing spatial/temporal changes in
the environment. The goal of coordina-
tion is to promote and develop sustain-
able resource management policies that
have strong community support. GIS
can be a very useful tool for achieving
that goal.

ROLE OF RNRF MEMBER
ORGANIZATIONS

Delegates agreed that the profes-
sional, scientific and educational orga-
nizations that comprise the Renewable
Natural Resources Foundation can play
a very important role in promoting edu-
cation and awareness about GIS. Del-
egates suggested eleven specific ac-
tions that RNRF member organizations

should consider. These include:
• Develop guidelines for incorporat-

ing GIS into undergraduate and
graduate curriculums for their re-
spective professions.

• Develop and promote programs for
retraining mid-career profession-
als about GIS. This could include
sponsoring workshops and devel-
oping short courses.

• Promote interdisciplinary work on
the development and application of
GIS technology.

• Promote public awareness about
the uses of GIS.

• Develop an Internet website for
providing information about GIS
and its applications to resource sus-
tainability.

• Establish professional and ethical
standards for using GIS technol-
ogy.

• Work with other organizations to
establish metadata standards.

• Publish more GIS articles in pro-
fessional journals and sponsor
more sessions on GIS at profes-
sional meetings.

• Develop an online GIS journal.
• Emphasize the need for quality

peer review as a means to ensure
accuracy and responsibility in the
use of GIS technology.

• Become an advocate for the use of
GIS technology.

ROLE OF THE PUBLIC AND
PRIVATE SECTORS

Exploring the roles and responsibili-
ties of the public sector versus the pri-
vate sector led to a wide-ranging discus-
sion, and the expression of many
diverse views. Everyone had an opinion
on this topic, but the breadth of this dis-
cussion also reflects the fact that the pri-
vate sector is playing an increasingly
important role in developing key natu-
ral resource data sets. In addition, ef-
forts at cost cutting by federal agencies
likely will lead to an even larger role in
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data development for the private sector
in the future. Much of the discussion on
this topic focused on the issue of who
has proprietary rights to data.

Delegates were quick to distinguish
between data developed under a gov-
ernment contract and data developed by
a company using its own money. There
is no question that a company has a pro-
prietary right to data that it developed
with its own money, but data developed
by the private sector with public funds is
in the public domain. A company can
sell data that is in the public domain if it
has added to the value of that data in
some way. Several delegates noted that
while public agencies are good at devel-
oping data, the private sector is often
much more efficient at making useable
products out of those data. They further
noted that this is a good and useful rela-
tionship. Most delegates also agreed
that the public sector could charge for
data in the public domain to recover
costs, but there was no agreement
among delegates on whether the public
sector should make a profit from its

data. Some delegates believed that all
public data should be available free of
cost.

Delegates expressed concern about
the assurances of quality data devel-
oped by the private sector. They noted
the need for shared metadata standards
between the public and private sector,
and for some type of peer-review sys-
tem for assessing data available from
the private sector. The concern here is
that the consumer needs to have some
way to judge the quality of data that is
available from the private sector. Del-
egates also noted that there are good
opportunities for public-private part-
nerships in data development, but regu-
lations and conflict-of-interest issues
often make it difficult to pursue these
opportunities.

Finally, there was discussion about
the role that the market should play in
driving data development. Clearly, the
private sector will respond to the market
by developing data products that are
profitable. The role of the public sector
is to develop data that meet a public

need–even if the private sector is devel-
oping data in this area as well. For ex-
ample, weather data or data on air and
water quality should be developed by
the public sector. The role of govern-
ment in data development is to serve the
public interest.

COORDINATION

Most delegates agreed that existing
mechanisms for coordinating GIS ac-
tivities were not adequate, but there was
little consensus on how one establishes
adequate mechanisms for coordination.
Numerous efforts and activities aimed
at improving coordination already ex-
ist, and it is not clear what new actions
will add. More can be gained by work-
ing with and improving mechanisms
that already are in place such as the Fed-
eral Geographic Data Committee. In
this light, a suggestion was made that
the member organizations of the Re-
newable Natural Resources Foundation
consider adopting a resolution support-
ing the coordination efforts of the Fed-
eral Geographic Data Committee.«
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Examples of how GIS has been used
by state and federal agencies, local
communities, and non-governmental
organizations to support sustainable re-
source management were the focus of
this working group. Delegates brought
a diversity of backgrounds and experi-
ences to bear on this issue, and offered
an array of case studies and models of
how GIS is being used by communities.
Five questions were provided to del-
egates for discussion:
1. What examples can you point to of

approaches and projects sponsored
by a federal or state program that
can serve as role models for other
agencies or organizations
attempting to pursue sustainable
development initiatives at the
watershed and/or community
level?

2. What examples can you point to
of approaches and projects that
are working at various
community (watershed, county,
township, etc.) levels that can
serve as role models for other
agencies or organizations
attempting to pursue sustainable
development initiatives at the
watershed and/or community
level?

3. What are the examples of
improved decision making and
protection of resources that have
occurred as a result of these
models?

Case Studies, Applications and
Working Models

4. What lessons have been learned
from these examples?

5. What are the steps that should be
taken to initiate broad-based
community support for projects?
Delegates did not focus on indi-

vidual questions; rather, they ap-
proached these five questions as a
single problem–what are successful
(and unsuccessful) examples of using
GIS, and what constitutes a successful
project or program. Each session began
with delegates relating stories and ex-
amples from their experiences. These
examples came from every region of
the United States, and underscored the
point that there is no single approach or
model that agencies and communities
are following, and no single pathway to
success. Several of these examples are
highlighted in the list below:

• Two examples of successful state-
wide programs were provided from
Wisconsin. The Wisconsin Initia-
tive for Statewide Cooperation on
Landscape Analysis and Data
(WISCLAND) is a voluntary part-
nership among federal and state
agencies, local communities, and
private landowners to develop da-
tabases. The Wisconsin Land Infor-
mation Program is a program that
provides grants to counties and mu-
nicipalities for modernizing land
information programs. The state
collects a fee from every land trans-
action and passes the money on to

local communities.
• Two examples of local community

initiatives were provided from Or-
egon. The first involves the
Clackamas River Basin Project in
Portland. This project is funded by
the Environmental Protection
Agency, and is under the coordina-
tion of a multi-county land-use
council. It also includes participa-
tion from the USDA Forest Service
and U.S. Bureau of Land Manage-
ment. The project uses high school
students to monitor river condi-
tions. In the second project, the
Umpqua River Land Exchange, in-
dustry and university researchers
are using GIS to develop a process
for making decisions regarding po-
tential private/public land ex-
changes that would promote pres-
ervation of fragile lands.

• In another example from Oregon,
advisory councils established un-
der the Northwest Forest Plan
bring together representatives
from federal agencies, industry,
NGOs, state agencies, and local
governments to discuss land man-
agement options. GIS is used to in-
crease awareness about, and op-
portunities for, holistic
management approaches for pro-
tecting and restoring water quality
and wildlife habitat.

• An example of a community-based
conservation project was provided
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in which The Nature Conservancy
(a private, non-profit conservation
organization) is working with local
farmers in the Mackinaw River
watershed in Illinois to protect
fragile aquatic ecosystems. The
project uses GIS to map non-point-
source water pollution and erosion.
Maps that are produced are used to
help make decisions about how to
reduce agricultural impacts on
aquatic ecosystems.

Working from these examples and
many others that were described during
the four working group sessions, del-
egates identified a set of factors that are
common to most successful applica-
tions of GIS to community-based re-
source sustainability projects. These
factors are:

• Strong and visionary leadership is
important for keeping a project fo-
cused. In some cases, a benevolent
dictator is necessary to get a project
started and to keep people and
agencies working together.

• Building an effective partnership
among all the agencies and organi-
zations that are involved in the
project is essential. This partner-
ship must be based on open and
ongoing communications. All in-
terested parties must be involved in
the project from the start. The pro-

cess is as important as the out-
come–if the process is not seen as
legitimate, the results will not be
accepted.

• Open access to data is critical. Data
must be easily and equally avail-
able to all parties involved in the
project. Proper metadata also is es-
sential. Project personnel need to
understand appropriate uses and
limitations of the data that are avail-
able.

• Long-term data management is a
key issue. Projects need to develop
procedures and structures for the
long-term maintenance of data-
bases.

• Adequate, long-term funding is es-
sential. Participants need to know
that funds will be available to sup-
port the project in the long run be-
fore they will make long-term com-
mitments. Long-term funding also
is necessary to insure proper main-
tenance of databases.

Projects often fail when some combi-
nation of these factors is not present. In
particular, delegates noted that failure is
common when working partnerships
are not in place, or there is little or no
local commitment to a project. All par-
ties need to “buy in” to a project in order
for it to be successful. Failure also re-
sults from a lack of adequate funding.

Sometimes projects are poorly planned
or implemented. If there is no obvious
link between the data that are being col-
lected and efforts at promoting sustain-
able development, the project is likely
to fail.

Even if all components for a success-
ful project are in place, success is not
guaranteed. There still will be problems
to resolve. For example, lack of good
data is frequently a problem. Some-
times the data may be available but
there are proprietary, or scale, resolu-
tion, or accuracy problems. Lack of
common standards regarding scale and
integration is a reoccurring problem
that must be addressed. Finally, the
public may not understand the project,
or they may misuse the maps and other
materials that are produced.

The examples and models discussed
in this working group are strong evi-
dence that much good work is being
done by communities using GIS as a
tool in sustainable resource manage-
ment. But these examples are only the
beginning. There are thousands of
counties and municipalities in the
United States, and many of them have
had little exposure to GIS. The task for
natural-resource and GIS professionals
is to build on these successful examples
so that other communities can learn
how to use GIS technology.«
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Synthesis: GIS Technology
and Sustainable Resource Management

Delegates attending the RNRF Con-
gress on Applications of GIS to the
Sustainability of Renewable Natural
Resources participated in a remarkable
three-day discussion. They explored
how GIS can be used to facilitate and
promote community-based sustainable
development of renewable natural re-
sources.

Many of the nation’s leading experts
on GIS and resource management at-
tended the congress. This report re-
flects their ideas and recommenda-
tions. The heart of the congress was the
day-and-a-half that delegates met in six
working groups to discuss many of the
key issues and problems that resource
managers, community planners, and
educators confront everyday.

Delegates addressed many difficult
issues such as how to define sustain-
ability, what is a community, what con-
stitutes a baseline data set for natural
resource management, what are indica-
tors of environmental health, what
standards need to be developed to guide
data development, what are the roles of
the private and public sectors in data
development, how to improve educa-
tion and awareness about GIS, and how
to improve coordination and coopera-
tion among federal, state, and local
agencies.

Many ideas, opinions, and recom-
mendations were expressed by del-
egates attending the working group ses-
sions. In this report we have captured

and distilled those ideas and recommen-
dations as accurately as possible. Taken
together, these ideas represent an infor-
mal consensus of the resource manage-
ment and GIS professions on what ac-
tions are needed to improve the
applications of GIS to community-
based resource management efforts.
Four general themes emerged out of the
working group discussions, and are re-
viewed below.

SUSTAINABILITY IS A
COMMUNITY-BASED CONCEPT

Delegates in all six working group
sessions agreed that meaningful con-
cepts of sustainability must be rooted in
local communities. Sustainability is
tied to values of place, and these values
will vary from community to commu-
nity. Local communities, however, do
not exist in isolation. Local values are
part of a national culture that binds com-
munities together. Delegates recog-
nized that local community values will
not always mesh with the goals of non-
local institutions such as state or federal
agencies, or national environmental or-
ganizations.  Nevertheless, it is critical
to recognize and appreciate local values
and needs when implementing commu-
nity-based sustainable development
programs.

Delegates agreed that there is an im-
portant relationship between GIS tech-
nology and efforts at developing com-

munity-based sustainable resource
management strategies. However, del-
egates also were very careful to under-
score the fact that GIS is only a tool, and
incapable, by itself, of providing an-
swers or solutions. The use of GIS must
be rooted in a thorough understanding
of specific problems and the limits of
available data. Delegates agreed that a
strength of GIS—as a decision-making
tool—is its ability to foster compro-
mise. Because GIS can integrate and
display data in ways that previously
were not possible, it can shed light on
new and innovative approaches to sus-
tainable resource management. How-
ever, in order for GIS to be an effective
decision-making tool, local communi-
ties must know that they are partners in
the decision-making process, and state
and federal agencies need to be sensi-
tive to local needs and values. Delegates
provided many good examples and
models of successful GIS programs
from around the country.

Delegates noted that the cost of GIS
technology, and particularly the lack of
awareness about the benefits of GIS,
were barriers to effectively using GIS
for community-based resource sustain-
ability projects. They recommended
improved efforts by state and federal
agencies, educational institutions, and
the member organizations of RNRF to
breakdown these barriers. Delegates
also recommended developing a hand-
book that could help communities un-
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derstand the concept of sustainability
and the potential applications of GIS
technology.

COOPERATION AND
COORDINATION

Federal and state agencies, local gov-
ernments, non-governmental organiza-
tions, and the private sector must work
to improve cooperation and coordina-
tion in the use of GIS technology, and to
limit duplicative efforts. Delegates in
all working groups stressed the prob-
lems and frustrations that arise from
poor coordination and lack of coopera-
tion in collecting data, establishing
metadata standards, and implementing
GIS projects. Delegates agreed that the
initiative for coordination should come
from local communities. State agencies
are in the best position to act as facilita-
tors between local communities and
federal agencies. The federal role
should be focused on coordinating
funding and expanding technical assis-
tance. Communicating needs and build-
ing partnerships are key elements to ef-
fective cooperation among all involved.
In addition, delegates noted the need
for improved coordination and coop-
eration among federal agencies, par-
ticularly regarding data collection and
development of metadata standards.
Rather than establish new mechanisms
for coordination, delegates recom-
mended that agencies and profession-
als commit themselves to utilizing ex-
isting mechanisms such as the Federal
Geographic Data Committee. Finally,
delegates also concluded that the role
of the private sector in data develop-
ment and management will increase in
the future as data needs grow and fed-
eral and state budgets shrink. Delegates
identified a need for more public/pri-
vate partnerships in data development,
and a need for the private and public
sectors to cooperate in the development
of shared metadata standards.

BASELINE DATA SETS, META-
DATA STANDARDS, AND NEW
TECHNOLOGIES

Delegates stressed the need for fun-
damental baseline natural resources
data sets. Despite the wealth of data
that already exists, we still do not have
a good understanding of the condition
of our natural resources. Delegates
agreed that federal agencies should
take the lead in developing baseline
data sets, but states and local communi-
ties need to be full partners in the pro-
cess. Standards need to be established
to guide the development of baseline
data sets. These standards must address
the issues of scale, layering, and data
integration. Delegates were more con-
cerned with establishing a process for
developing baseline data sets than
with identifying what types of data
should be included. The underlying
reasoning was that once the process
was established, issues of content could
be addressed. Delegates believed that
establishing the process is the bigger
challenge. Similarly, delegates agreed
on the need for a process to identify in-
dicators of environmental health and
sustainability.

The need for better metadata stan-
dards was another common request
among delegates. Delegates were con-
cerned about the lack of common
guidelines governing development of
metadata, poor access to metadata, and
the tendency of users to ignore
metadata. Delegates underscored the
need for improved and coordinated ef-
forts at developing metadata among
data developers in federal, state, and
local agencies, and in the private sector.
Educating users about the critical func-
tion of metadata was strongly recom-
mended. Delegates also stressed the
need to make better use of data clearing-
houses and public libraries as access
points for data and metadata.

Delegates were both excited and con-
cerned about the potential of new tech-
nologies (e.g., the Internet and embed-

ded software applications) to simplify
the use of GIS applications and to
greatly increase the number of GIS us-
ers. Delegates recognized the potential
of the Internet as a delivery system for
data and for simplified GIS applica-
tions. However, delegates also recog-
nized that greater access to data and GIS
applications only underscored the need
for better metadata and more education
about the appropriate uses of GIS.

EDUCATION AND AWARENESS

Delegates agreed that there is an ur-
gent need to increase awareness about
GIS, and that this must be coupled with
efforts to improve geographic and envi-
ronmental education. Simply teaching
GIS application skills is not enough.
Users of GIS technology must under-
stand how to interpret and judge the in-
formation that GIS produces.

Teaching spatial analysis and criti-
cal-thinking skills was strongly sup-
ported by the delegates, who made
many specific recommendations re-
garding K-12 and college-level cur-
riculums. For example, delegates rec-
ommended adding more GIS courses to
university curriculums, and teaching
spatial analysis skills to resource man-
agement and environmental planning
students. At the K-12 level, delegates
recommended adding more geography
and environmental education courses,
and placing a stronger emphasis on the
teaching of math and science. Del-
egates also recognized that there is a
critical need for GIS training for mid-
career professionals who were not intro-
duced to GIS when they were in college.
Agency supported training programs
and university continuing education
programs were suggested as the means
for retraining mid-career professionals.

Delegates also thought that the mem-
ber organizations of RNRF take a lead
role in promoting GIS awareness and
education. Delegates recommended that
RNRF and its member organizations
develop guidelines for incorporating
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GIS in university curriculums, develop
programs for retraining mid-career
professionals, and promote profes-
sional and public awareness about the
uses of GIS and the concept of sustain-
able development.

THE NEXT STEP

In the months following this con-
gress, RNRF will undertake two formal
actions to build on and expand the work
accomplished at the congress. First,
RNRF will sponsor a congressional fo-

rum. Lawmakers, their staff members,
and representatives of NGOs will be
invited to a meeting that RNRF will or-
ganize on Capitol Hill. The recommen-
dations and conclusions of this meeting
along with copies of this report will be
presented to those attending this forum.

Second, RNRF will hold a meeting of
representatives of its 20 member orga-
nizations. The purpose of this meeting
will be to review the findings and rec-
ommendation of the RNRF congress,
and to determine what future actions the
member organizations of RNRF can

implement to further the goals and rec-
ommendations outlined in this report.

These actions by RNRF and its mem-
ber organizations are only one outcome
of the congress. The more than 100 del-
egates who attended the congress will
take the knowledge and experiences
that they gained at this meeting back to
their organizations and institutions. It is
the delegates, working within their pro-
fessions and disciplines, who can make
the greatest contribution to advancing
the goals and recommendations out-
lined in this report.«
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Bridger-Teton National Forest
Jackson, Wyoming

Robert D. Day
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About RNRF
PURPOSES

The Renewable Natural Resources Foundation (RNRF) was incorporated in Washing-
ton, D.C., in 1972 as a nonprofit, public, tax-exempt, operating foundation. It was
established to: advance sciences and public education in renewable natural resources;
promote the application of sound scientific practices in managing and conserving renew-
able natural resources; foster coordination and cooperation among professional, scientific
and educational organizations having leadership responsibilities for renewable natural re-
sources; and develop a Renewable Natural Resources Center.

The foundation represents a unique, united endeavor by outdoor scientists to cooper-
ate in assessing our renewable resources requirements and formulating public policy
alternatives.

MEMBERSHIP

RNRF’s members are professional, scientific and educational organizations that have,
among their primary purposes, the advancement of sciences and public education in re-
newable natural resources and/or the application of scientific knowledge to the
management of renewable natural resources. Each member organization is represented on
the board of directors. Also, “public interest members” may be elected to the board.

Individuals who support the foundation’s purposes and programs may become “associ-
ates.”

PROGRAMS

RNRF conducts conferences, symposia and congressional forums on renewable natu-
ral resources issues, and roundtable sessions for public/government affairs staffers of
RNRF member organizations. RNRF also conducts annual summits of elected and ap-
pointed leaders of its member organizations.

The foundation has two annual awards to recognize outstanding achievements in the
renewable resources fields, with an emphasis on interdisciplinary aspects. The “Outstand-
ing Achievement Award” recognizes a project, publication, legislation, or similar
accomplishment. The “Sustained Achievement Award” recognizes a long-term contribu-
tion and commitment by an individual or small group.

The Renewable Resources Journal promotes communications among RNRF’s repre-
sented disciplines, and is provided to all members of the governing bodies of RNRF
member organizations. Renewable Resources Journal also is provided to members of the
U.S. Congress and staff members of congressional committees with jurisdiction over
natural resources.

CENTER DEVELOPMENT

The Renewable Natural Resources Center is being developed as an office park com-
plex and environmental center for RNRF’s member organizations. The Center is located
on a 35-acre site in Bethesda, Maryland, where lawns and forested buffer provide an ex-
ceptional work environment.

The county-approved site plan authorizes the construction of six new office buildings
and a conference facility, with a combined area of 300,000 square feet.
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