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Introduction

he New River Gorge National River (NRGNR) faces a problem
I common to most protected areas: its integrity is dependent on the
mutual understanding and collaboration of multiple stake-holders
within and around the area. Collaborative decision-making has been declared
essential to realizing sustainable ecosystem management. In addition to
requiring innovation in physical techniques, ecosystem management requires
innovation in the human dimensions of protected areas management. Learning
and communication are the basis of that collaboration. People must have a
shared understanding and be able to communicate clearly about the resources
and issues in order to make decisions and reach agreement. Information
systems that aid solving complex problems by augmenting the user’s
knowledge are called decision-support systems (DSS’s). Supporting learning
and communication are basic functions of a DSS. Visualization can be applied
to meet these learning and communication needs. Visualization is the use of
representations to aid visual thinking and visual communication, a mode that is
particularly suitable for ecosystem information. Maps, images, diagrams and
graphs are typical representations used to aid thinking about an ecosystem.
This paper presents a concept for a DSS for the NRGNR, and suggests
visualization applications for the proposed Land Management System of the
New River Parkway. The paper concludes with a brief discussion of the

problems and potentials of implementing such a system.

Decision-making Needs In Ecosystem Management

Case of the New River Gorge National River

The New River Gorge National
River of West Virginia provides a rich
mix of natural and cultural resources,
as well as recreational attractions.
The integrity of these resources de-
pends on the cooperation of many
stake-holders. The National River is
located in the lower reaches of the

New River Basin amidst a complex
pattern of ecosystems, land uses, and
ownership. The New River passes
through two mountain chains, three
states, and several counties before
cutting into the Allegheny Plateau to
form the gorge below the town of
Hinton. River flows up to this point




are regulated by two major dams, one
managed by an electrical utility, and
the second, just above Hinton, by the
Army Corps of Engineers. Wetlands,
fish, and wildlife are regulated by
both federal and state agencies. The
water quality of the river is largely
determined by land uses in the river
basin, which are minimally regulated
by various local governments of three
states. Development in the gateway
communities around the National
River occurs without the guidance of
land-use regulations. To protect
those resources occurring on the pri-
vate land, the U.S. National Park
Service (USNPS) relies on monitor-
ing of resources and cooperative
agreements on management, and also
provides technical assistance on
management (USNPS 1982). The
proposed New River Parkway would
implement a Land Management Sys-
tem, administered by the local gov-
ernments, to guide land use on the
private land within the parkway cor-
ridor. For National River lands man-
agers must ultimately rely on the co-
operation of the users to avoid con-
flicts and mitigate recreational im-
pacts. Communication and interpre-
tation are typical methods of manag-
ing user behavior. For this protected
area, as in most, users, neighboring
land owners, managers, and officials
are all actors in resource decision-
making.

The Context of Ecosystem Manage-
ment

The problems facing the NRGNR
are examples of problems basic to

sustainable ecosystem management.
The ecosystem approach has been
proposed as a new paradigm in envi-
ronmental management for protected
and multiple-use natural areas (Agee
and Johnson 1988), and even human
settlements (Lyle 1985). Increasing
appropriation of natural resources
and evidence of global environmental
change has raised concerns about the
sustainability of trends in natural re-
source use. The goal of ecosystem
management is to maintain the health
of the ecosystem while providing for
sustainable human use. Current sci-
entific thought suggests that ecosys-
tems are more complex, dynamic,
interrelated, and extensive than we
have been managing for; this implies
the need for major innovations in
natural resource management
(Slocombe 1993). Ecosystem ap-
proaches stress the need for the inte-
grated management of multiple re-
sources over larger areas and longer
time frames than presently attempted.
The complexity of such management
exceeds the capacity of current sci-
ence to propose management strate-
gies with predictable results, suggest-
ing that an adaptive experimental
management approach is called for
(Kessler et al. 1992).

The question for environmental
scientists is how to expand interdis-
ciplinary collaboration to build a
more comprehensive science. For
public agencies, the scale of ecosys-
tem management implies the need to
coordinate their activities to effec-
tively manage shared resources (Agee
and Johnson 1988). Public support




for such extensive management,
which may also include private lands,
must be developed through more
participatory planning processes
(Slocombe 1993). These contempo-
rary issues of ecosystem management
are in many ways simply expansions
of perennial issues in protected areas
management. To preserve the natural
heritage of a place and to build soci-
etal appreciation and support for that
heritage is central to the mission of
U.S. national parks.

Learning and Communication Needs
in Ecosystem Management

For this discussion we will con-
sider ecosystem management as con-
sisting of two major processes: the
technical and the social. The techni-
cal process involves the science and
method of analyzing and manipulat-
ing the physical components of the
ecosystem. The social process in-
volves the steps in decision-making
that guide implementation of the
technology. Social processes include
promoting public awareness, devel-
oping consensus on policy goals and
management actions, and cooperat-
ing in implementation. In this paper
we focus on two basic human pro-
cesses fundamental to decision-
making—learning and communica-
tion.

The complexity of ecosystems and
the increasing complexity of their
management suggest that society
ought to learn more about ecosys-
tems. Learning can be defined simply
as the assimilation of information
within a person. Two characteristics

of ecosystems relevant to learning are
complexity and interrelatedness.
Complexity results from the multi-
dimensional and dynamic nature of
ecosystems. The implication of
complexity is the difficulty of com-
prehension and the uncertainty of
analysis and prediction. Interrelated-
ness of ecosystem components and
processes call for holistic approaches
to understanding ecosystems. The
following are some general ecosystem
learning needs:

* To increase knowledge of ecosys-
tems and their management across
society in order to develop societal
appreciation and support.

* Toincrease understanding among
the scientific disciplines in order to
develop integrative concepts and
methods for management.

* Toincrease understanding among
the scientists and the managers in
order to develop effective and
practical methods.

* Toincrease understanding among
stake-holders—all interested par-
ties—in order to develop apprecia-
tion of each other’s interests and
find areas of agreement.

Both the Park Service and its ad-
vocates have noted the importance of
the educational role for the agency.
The USNPS has stated the impor-
tance of education and communica-
tion outreach to building supportive
constituencies and partnerships for
resource protection (USNPS 1992).
Further, it has been suggested that the
educational role of national parks be




strengthened to develop public un-
derstanding and motivation to deal
with large-scale environmental
problems (NPCA 1989).

Learning about ecosystems re-
quires the ability to communicate
about them. Additionally, to collabo-
rate in ecosystem management, citi-
zens, managers, and scientists need to
be able to communicate clearly with
each other. Communication can be
defined simply as the transfer of in-
formation among people. The com-
plexity of ecosystems makes com-
munication challenging, particularly
across differences of expertise. The
novelty of ecosystem management
also increases the difficulty of com-
munication. It is difficult to talk about
things that are not yet part of a shared
experience and language. The fol-
lowing are some general ecosystem
communication needs:

* Scientists and managers must be
able to communicate with each
other about research findings and
needs, as well as about the newly
discovered values of the resources
and innovations in management.

* Scientists must be able to com-
municate with each other across
domains of knowledge.

* Managers must be able to com-
municate with each other across
resource specializations and
among agencies.

* Citizens must able to communi-
cate with managers and other
stake-holders about their values
for the resources.

As with learning, the public agen-
cies have a central role in facilitating
the communication among stake-
holders in ecosystem management. In
the following discussion we will out-
line characteristics of an information
system that addresses ecosystem
learning and communication.

Decision-Support Systems

The technical and social processes
of ecosystem management involve
different types of decision-making,
which in turn benefit from different
types of support from information
systems. Technical decisions, such as
those which occur in operational
management, have agreed-upon ob-
Jectives, and tend to be quantifiable,
predictable, and have established
solutions. These types of decisions
are amenable to analytical computing
to find optimum solutions. Social
decisions, such as those which occur
in policy development and manage-
ment planning, typically include
technical issues (though often in in-
terrelated sets), but center on subjec-
tive issues such as goals and evalua-
tion. Social decisions cannot be au-
tomated, and they ultimately require
the exercise of human judgment.
Also, in ecosystem management
technical decisions may have high
degrees of complexity and uncer-
tainty, and so even technical man-
agement decisions may require some
Judgment.

DSS’s are a class of information
systems designed to help solve com-
plex and poorly structured problems
by augmenting human judgment. A




DSS will typically provide a set of
tools that will support the process of
problem structuring, understanding
the problem, producing alternative
solutions, and evaluating them
(Guariso and Werthner 1989). To
serve a broad range of users, DSS’s
must facilitate understanding of the
analysis and the understanding and
interpretation of its results (Lang-
endorf 1985). DSS’s have also been
developed to facilitate group pro-
cesses in decision-making (Bishop
1993). The advancement of DSS’s in
natural resource management is a
necessary complement to traditional
emphases on quantitative computing.

Within these general functional
definitions, such systems can be di-
verse in specification, integrating
hardware and software from various
types of systems. Components of a
DSS in environmental management
can include: hypermedia databases,
geographic information systems
(GIS’s), image processing, systems
models, expert systems, intelligent
and graphical user interfaces, and
document handling. A hypermedia
database combines information in
multiple media (numbers, text, im-
ages, and sound) in an associative
framework that links related informa-
tion, facilitating knowledge building.
Expert systems provide the founda-
tion of decision-support by applying
formalized expert knowledge to assist
users in problem analysis and solu-
tion. Intelligence is also being built
into the interfaces of systems to pro-
vide on-line assistance in the use of
the system. Graphical user interfaces

have become standard for displaying
information in easily read displays of
maps, graphs, diagrams, and images.
Document handling allows system
products to be disseminated beyond
direct interaction with the system.
The GIS, for mapping and analyzing
spatial data, has become standard in
environmental management, as most
natural resources have a spatial di-
mension, and are a component of
most environmental DSS’s. Image
processing is used both for the inter-
pretation of satellite imagery and for
the editing of viewshed images to
simulate visual changes. Systems
models are mathematical models of
natural processes used to describe
and predict resource dynamics and
impacts.

Systems falling into this category
are an area of rapid development in
environmental management. Two
systems under development for mul-
tiple-use lands are the TEAMS sys-
tem (Covington et al. 1988) and the
IRMA system (Loh et al. 1992).
These integrate resource output
models with spatial data, use expert
assistance in the interface to guide the
user, and provide graphical displays
to allow visual inspection of data and
model outputs. Examples of inte-
grated systems for protected areas are
systems for the Channel Islands Na-
tional Park (Reynales 1990) and
Redwood National Park (Rogers
1990). These systems integrate data-
base management with GIS ca-
pabilities and record expert resource
knowledge to support the protection
of natural and cultural resources for




those sites. Broad utilization of GIS
has been limited by the expertise re-
quired to operate the systems; intelli-
gence in GIS systems can be used to
aid users with unfamiliar phenom-
ena, models, and systems (Coulson et
al. 1991). Similarly, expert systems
are being developed to assist *non-
specialist managers with visual re-
source assessments (Buhyoff et al.
1994). Graphical user interfaces have
been applied in developing a user-
friendly information system to trans-
fer research findings to managers
(Reyes et. al. 1993). Hypermedia
systems have been proposed as a for-
mat to integrate, store, and make ac-
cessible large bodies of knowledge,
such as that relating to global climate
change (Rauscher et al. 1993). Most
of these systems apply visualization in
various forms—maps, images, dia-
grams, and graphs—to more effec-
tively communicate environmental
information and enhance under-
standing. System developers gener-
ally proclaim, and take for granted,
the power of visualization. The next
section describes the capabilities of
visualization and why it is particularly
suited for environmental informa-
tion.

Environmental Visualization

We define visualization generally
as the use of visual representations to
aid visual cognition and visual com-
munication. Visual cognition is re-
garded as one of the more powerful
capacities of the mind, and visual rep-
resentations have the ability to repre-
sent large amounts of information.
Visualization has a long history of use

in the arts (Arnheim 1964), design
(McKim 1972), geography (MacEac-
hren et al. 1992), and science
(Ferguson 1977). Advances in
graphical computing have stimulated
current development in scientific vi-
sualization (McCormick et al. 1987)
and environmental visualization
(Orland 1992). Information tech-
nology has greatly increased our abil-
ity to capture and create images, thus
increasing support for visual thinking
and communication.

Visual Cognition and Cognitive
Landscapes

Visual cognition can be defined to
include the perception, processing,
and storage of visual information. Vi-
sual cognition is characterized as be-
ing direct, holistic, and memorable
(Haber and Wilkinson 1982). Visual
information is encoded directly,
without translation into other mental
representations (like words or num-
bers), allowing quick processing. Vi-
sual patterns are perceived holisti-
cally; all elements and their visible
relationships are recognized simulta-
neously, and even subtle or complex
patterns are discernible. Retention of
visual information is higher than for
words or numbers, with the long-
term memory of visual information
apparently unlimited. An irony of vi-
sual cognition is that it is so pervasive
and facile that it is not apparent to us
how much we employ it (Kaplan and
Kaplan 1982). The power of visual
cognition suggests that it has inherent
capabilities to deal with the quantity
and complexity of ecosystem infor-
mation.




Visual cognition, beyond having
the power to handle the complexity
of ecosystem information, may be
particularly structured for under-
standing ecosystems. Evolutionary
theory would suggest that natural se-
lection favors those humans better
adapted to understanding their envi-
ronment. Environmental psycholo-
gists think that humans construct a
mental model of the landscape
(ecosystem) through their interaction
with the environment (Kaplan 1973).
Visual perception is the primary
source of information for this mental
landscape model (Kaplan and Ka-
plan 1982). The majority of research
on these models has focused on how
they function as cognitive maps, rep-
resenting space, location, direction,
and scale in the environment (e.g.,
Downs and Stea 1977). But, in addi-
tion to spatial structure, it is apparent
that the mental model must also rep-
resent the function of the system; the
model is used to explain and predict
how the environment works (Kaplan
1973). Moreover, the mental model
includes subjective evaluations that
humans associate with environmental
features. Landscapes can have utili-
tarian resource values, experiential
aesthetic values, and symbolic social
values. In light of the multi-dimen-
sional nature of the mental model,
which is reflective of the system that it
attempts to represent, it may be more
appropriate to refer to the mental
model as a cognitive landscape. The
cognitive landscape is the source of
understandingand the basis of acting
in the environment, making it the

foundation for environmental deci-
sion-making (Kaplan and Kaplan
1982). The cognitive landscape is
largely constructed through visual
perception of the landscape, and it
can be visually imagined. It follows
that visual representations of the
landscape can facilitate clear com-
munication and be readily assimi-
lated into the mental model.

Visual Representations

Visual representations, or visual-
tzations, are artifacts made to facili-
tate visual thinking and visual com-
munication (after McKim 1977;
MacEachren et al. 1992). Common
examples in environmental manage-
ment are the use of maps to show the
spatial distribution of resources, and
the use of graphs to show quantities of
resources and their attributes. Visual-
izations act as external representa-
tions of mental imagery and function
to extend the working memory of the
brain, allowing us to think about
larger and more complex problems
than we can unaided (Norman
1993).

Visualizations may range from
realistic, as in the case of video
movies, to abstract, as in the case of
data graphs. Realism tends toward
representing the complete set of at-
tributes of the real object, and the
representation tends to have the same
form as the real object (that is, tends
to be isomorphic). 4bstraction tends
toward representing a reduced set of
attributes of the real object, and the
representation’s form may have no
similarity to that of the object. Realis-




tic representations have the quality of
concreteness; being perceived as
closer to the actual direct experience
of a real object, versus being abstract
and indirect. As abstractness in-
creases, the viewer must rely increas-
ingly on prior knowledge to recog-
nize the representation. As realism
increases, the representation comes
closer to being an experiential ana-
logue. The concreteness of visualiza-
tions can promote clarity in under-
standing and communication over
the use of language, which can be
ambiguous and prone to stereotyping
(Kaplan and Kaplan 1982). Abstrac-
tion does have the function of focus-
ing attention to specific attributes of a
object, and is part of the process of
analysis and building concepts about
things (Muerchke 1981).

A fundamental distinction be-
tween visualizations is whether the
representation is of things that can be
seen—perceptual; oris a visual repre-
sentation of invisible objects or ab-
stractions and concepts about things
—conceptual (McKechnie 1976). Vi-
sualizations are intrinsically useful for
representing physical phenomena
(such as landscapes) because they
have a spatial form by which they are
visibly perceived, and which can be
represented similarly in depicted
form. Invisible physical phenomena,
such as nutrient cycling, can be vi-
sualized conceptually by representing
its spatial form and movement visibly
in a diagram. Ecologists use diagrams
of food webs, nutrient cycles, and hy-
drology for communicating land-
scape processes. Even non-physical

things, such as knowledge domains,
can be represented visually, making
them easier to conceptualize through
spatial metaphor. Visible objects can
also act as symbols of associated con-
cepts, such as the use of landmarks
and artifacts in historical interpreta-
tion to make history more concrete.

Utility of Visualization in Ecosystem
Management

We suggest that visualization has a
necessary role in decision-making for
ecosystem management. Consider
the following points that summarize
and build on the preceding discus-
sion. First, the concept of cognitive
landscapes suggests that humans are
innately predisposed to learning
about landscapes, with visual cogni-
tion as the dominant mode. Second,
the ability to recognize patterns in vi-
sual information suggests an in-
creased capacity to perceive complex
phenomena, if represented visually.
Third, visualizations allow humans
to analyze and transform more com-
plex objects than they can without
external representations. Fourth, the
strong memory for visual information
can aid retention of learning (Rieber
1994). Fifth, the concrete, object-
oriented quality of visualizations
should bolster communication across
language differences and across dif-
ferent areas of experience and spe-
cialization (Kaplan and Kaplan
1982). Sixth, evidence suggests that
visualization should enhance the
ability to generate innovations; visual
thinking is known to be linked to
creative thinking in the brain (Sperry




1973), and has been demonstrated to
improve creative problem-solving
(Antonietti 1991). Here are some ex-
amples of types of visualizations and
how they have been applied in envi-
ronmental management.

Visual simulations. Visual simu-
lations are perceptual visualizations,
primarily used by landscape archi-
tects, for realistically modeling visible
changes in built and landscape fea-
tures (Sheppard 1989). Visual simu-
lation has been used to model en-
croachment on viewsheds of historic
sites, such as Manassas National Bat-
tlefield, and to depict the character of
development schemes in Yosemite
National Park (Adams 1990). These
models provide objective representa-
tions of visual change that permit
each individual to personally evaluate
change in visual quality and facilitate
collaboration in planning and design.

Data graphics. Data graphics are
conceptual visualizations, primarily
used to aid statistical exploration and
analysis (Tukey 1977). The basic ex-
ample of this type is the two-variable
graph, such as the runoff hydrograph
that shows stream flow over time. Sci-
entific visualizations are primarily of
this type. Animated graphical dis-
plays of multivariate and dynamic
systems allow scientists to see patterns
in data that they could not before (see
Earnshaw and Wiseman 1992). Such
visualizations can also be useful in the
communication of scientific knowl-
edge to managers and users. Graphs
and charts have been used in forest
management software to facilitate
comparison of resource outputs un-

der varying management alternatives
(Covington et al. 1988). Thematic
maps, such as produced by GIS, can
be data visualizations.

Multimedia maps. Maps vary
from realistic, as in aerial pho-
tographs, to abstract, as in thematic
maps, and though typically 2-dimen-
sional plan views, they can also be
cross-sections or other representa-
tions of earth systems (Muehrcke
1980). The use of GIS technology
allows' the digital representation of
maps, and multimedia technology
allows the integration of images,
sounds, and text with the digital map.
Hamilton and Flaxman (1992) are
developing a spatialized multimedia
database on the biological diversity of
a natural area in the Sierra Nevada of
California.

Graphical User Interfaces. Infor-
mation systems are increasingly using
graphical displays to represent the
system to the user. These displays
provide access to the functions of the
system and enhance communication
of information output by the system.
Inlarge databases, visual maps of the
information are important to com-
prehension and navigation of the
database. Icons are often used in
place of words to represent programs
and commands compactly and legi-
bly. The interface may even be repre-
sented as a visual-spatial environ-
ment, as in the desktop metaphor of
the Apple computer’s operating sys-
tem.

Place images. Place images are
perceptual visualizations of real sites
that show the pattern of major ele-




ments in one view. These models are
typically aerial oblique perspectives
and may be combined with reference
maps and ground-level perspectives.
Such models facilitate the concep-
tualization of the overall structure of a
landscape. This model has been used
in urban and landscape planning for
communicating alternative develop-
ment scenarios. A recent notable ex-
ample is its extensive use in the land-
scape planning manual, Dealing with
Change in the Connecticut River Val-
ley: A Design Manual for Conserva-
tion and Development (Yaro et. al.
1989). From these representations
people can also interpret various
qualities, such as settlement density,
habitat patterns, visual character, and
social interaction.

Explained Images. Words can
added to an image to explain its ob-
ject: language adds conceptual con-
tent to a visualization. The simplest
form of such a representation is a
captioned picture. More powerful
computerized examples include hy-
permedia databases that embed in-
formation links within pictures, or
expert systems that interact with a
user to analyze images. An example
of such an expert system developed
for visual resource management is the
Explanation of Visual Assessments
(EVA) system developed by Buhyoff
et al. (1994).

Impact matrices. Impact matrices
are conceptual visualizations that
show interactions of resources and
management, and the resulting im-
pacts on ecosystem structure and
function. The formatting of the in-

formation in a matrix allows a holistic
comparison of impacts across the
components of a system. This type of
visualization is commonly used in
environmental impact assessment.

Semi-formal models. Semi-formal
models combine perceptual and con-
ceptual visualizations to represent
both the structural and functional
dimensions of human ecosystems for
planning and design (Lyle 1991).
They are particularly useful for aiding
conceptual comprehension, com-
munication, participation, and alter-
native generation. A typical model of
this type is a diagrammatic three-di-
mensional graphic of a landscape and
its significant processes. A relevant
example is a water budget model for a
lake for dry and wet seasons of a year.
The approximate volume of water
flows is represented in the size of flow
arrows and storage blocks, facilitating
the comparison of water volumes
from the various inputs (Lyle 1991).
Such a model provides at once both
the conceptual model for shared un-
derstanding and an artifact on which
to base communications about the
system.

A Decision-Support System for
NRGNR

We now return to the case of the
NRGNR and its need to promote
collaborative management. The fol-
lowing proposal is a concept for an
information system that would sup-
port a broad range of research, man-
agement, and recreational users in the
NRGNR. These ideas arise from our
shared experience in planning for the




New River Parkway (Williams and
Skabelund 1995) and in developing
environmental information systems,
including the development of an ex-
pert system for visual resource man-
agement (Buhyoff et al. 1994), the
development of a multimedia
database and tutorial for barrier-free
recreational design (Bork et al., in
press), and the design of a hyperme-
dia database for a natural area
(O’Brien 1995). This proposal is
voluntary on our part and in no way
the responsibility of the National Park
Service.

A fully developed DSS would, ul-
timately, include a hypermedia
database, a GIS, image processing,
systems modeling, expert systems, an
intelligent graphical interface, and
document handling as described ear-
lier. But developing such a system
would require a substantial funding
commitment, a team of specialized
personnel, and extensive data
sources. This is a worthy long-term
goal, but in the short term there is an
initial intermediate approach that
could still produce a broadly useful,
yet economical, system. The first step
would be to begin construction of the
hypermedia database with stand-
alone GIS and image processing sys-
tems. The database would be simply
a descriptive compilation of the avail-
able information on the landscape, its
management, and its stake-holders.
This compilation would provide the
foundation for the later construction
of a more sophisticated formal DSS.
The GIS and image-processing sys-
tems would provide the necessary

spatial data-handling and visualiza-
tion capabilities. These systems
would not require as much expertise
for information input as would more
sophisticated and complex systems,
and the use of existing stand-alone
software would minimize investment
in software development. Most of the
NRGNR’s learning and communica-
tion needs could be supported
through this combination of systems.
Basic functions of the system would
be to provide a research compilation,
a management record, a resource in-
ventory, and a source of media and
content for interpretive programming
and public communication. Expert
systems, systems models, integrated
shells, and other sophisticated ex-

pansions could be developed later as
needed and funded.

Visualization for the Land Manage-
ment System

An important application of this
system would be to provide visual-
ization services as a technical out-
reach to aid local governments plan
compatible developments in the
gateway communities of the National
River. The Land Management Sys-
tem proposed for the New River
Parkway currently under study
(USDOT and WVDOH 1994) is a
fitting example. The Land Manage-
ment System is a set of land-use regu-
lations and design guidelines in-
tended to protect water, vegetative,
and visual resources in the corridor of
the New River Parkway (Williams
and Skabelund 1995). Local gov-
ernments would be responsible for




administering the system on private
lands in the corridor, under the re-
view and advisement of the New
River Parkway Authority, on which
the USNPS has a non-voting mem-
ber.

Thereislittle tradition of land-use
regulation in the region, and public
appreciation and support for it must
be developed. To aid implementa-
tion of the Land Management Sys-
tem, some basic learning needs must
be addressed. First, land develop-
ment is an interaction of processes
occurring incrementally over an ex-
tended period of time, and people
typically do not anticipate the results
of cumulative change. Second, the
alternative development patterns
implied in the Land Management
System guidelines are novel to most
of the decision-makers, so they will
have difficulty understanding and
evaluating them. Visualization pro-
vides the best medium for represent-
ing concretely these interacting dy-
namics and novelty, to support un-
derstanding of environmental
change, and engage collaboration in
guiding change.

Visualizations have been specified
in the preliminary concepts of the
Land Management System. Maps
would be prepared of the Scenic Cor-
ridor Site Plan that identify man-
agement zones, and graphic exam-
ples of the design guidelines and
performance standards would be
used in the Planning and Design
Handbook. Additional visualizations
that would also be applicable are
place images, visual simulations, and
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semi-formal models. Place images
would provide an overview of the
density and character of alternative
development scenarios for the corri-
dor. Visual simulations would pro-
vide realistic representations of land-
scape changes that allow anticipation
of its future character. Semi-formal
models could be used to develop a
conceptual understanding of hydrol-
ogy and water quality issues related to
the development impacts of storm
water run-off and septic systems.
Planning and implementation
based on concrete visual models of
the proposed development scenarios
would facilitate people’s understand-
ing of possible environmental
changes and the relative costs and
benefits of the various management
responses. Used in a participatory
social process, these visualizations
may help to overcome stereotypical
negative responses to regulation and
the consequent lack of adoption,
compliance, and enforcement. With
a holistic representation of the possi-
ble landscape and its qualities, people
might see that they prefer the envi-
ronment achieved through collabo-
ration. Without the aid of visualiza-
tions, agreement on what the prob-
lems are and what the preferred alter-
native is would be more difficult and
may not be achieved at all, leaving
current land-development trends un-
changed. Similarly, if the conse-
quences of greater environmental
changes, such as climate change and
extinction, are not made concrete
and meaningful to peoples’ experi-
enced quality of life, it does not seem




likely that alternatives will be consid-
ered.

Conclusions

Collaboration is required for
achieving sustainable management of
protected areas and other ecosystems,
and collaboration is necessarily
founded on shared understanding
and clear communications. The con-
tinued development of DSS’s can im-
prove human judgment to guide the
complex and contentious issues of
ecosystem management. Human ca-
pabilities for visual cognition need to
be utilized in the functions of an envi-
ronmental DSS. Visualization will
enhance understanding and com-
munication across the range of stake-
holders and should be a significant
capability of the DSS.

The potential implementation of
this proposal is not limited by tech-
nology, but by funding. Budgets for
basic USNPS functions, not to men-
tion developing information systems,
have been inadequate. Increased
funding for research has been advo-

cated by scientific institutions (NRC
1992) and conservation organiza-
tions (NPCA 1989). The importance
of protected areas to understanding
and resolving larger environmental
problems, like land degradation, cli-
mate change, and species extinction,
reinforce the need for such an in-
vestment. However, current political
trends offer little prospect for imme-
diate funding. It is beyond the scope
of this discussion to offer political
strategies to resolve this problem.
However, we have suggested that the
communication functions of such a
system could be applied to building
public understanding and support for
protected areas. This sets up the
dilemma of which comes first—the
support to develop the communica-
tions, or the communications to build
the support. A near-term strategy of
developing partnerships and combin-
ing resources with other institutions,
such as regional colleges and uni-
versities, is one way for the NRGNR
to begin constructing the type of in-
formation system proposed here.
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