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Abstract There has been little research to understand the impacts of recreaiion use on public lands. Natural
resource managers would benefit from simulation techniques to explore alternatives and test ideas or theories
before expensive management plans are implemented. Recent research to mode! the dynamics of ecosystems
have used object-oriented modelling and simulation languages, Geographic Information Systems {GIS), noa-
human agent design and simulations, yet no single system has been constructed to model the compiex
interactions of hurnans seeking recreational opportunities in wilderness settings. The purpose of this paper is to
describe a decision support system for recreation management based on a simulation system using artificial
intelligent agents integrated with GIS to allow natural resource managers to understand the complex spatial and
temporal behaviour that arises from social interactions in wilderness settings. The simulation system called
RBSim has been used to simulate the complex interactions between three classes of recreators in Sedona,
Arizona. The utility of spatially expiicit agent oriented simulations is demonstrated by simulating alternative
trai] configurations to compare differences in physical and visual contacts between recreation agents.

RECREATION CONFLICTS AND
CROWDING IN WILDERNESS SETTINGS

Due to pressures by an increasing diversity of
recreators on wilderness land, conflicts are
inevitable. Managing recreation in wildemess areas
for optimal use while minimizing conflicts between
recreators requires that the manager understand the
needs, goals, and desires of recreators and the
nature of conflicts within and between groups. This
is by no means an easy task with an evolving
wilderness clientele and a shrinking resource base,
But in order to manage for maltiple use, managers
must first understand the nature of conflict
{Richards and Gimbiett, 1995).

There is 5till 2 gap between the needs of resource
managers to achieve high level recreationat
experiences and/or beneficial outcomes, and the

consequences of various alternative management

strategies. On one hand information about
wilderness recreationists” attitudes and behaviour is
increasingly viewed as important to the planning
and management process. On the other, there is a
need to acquire a better understanding and improve
the theoretical foundation of recreation behaviour
and conflict. While much of the theoretical
exploration is left in the hands of the researcher,
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there is a continual need for theory buliding and
testing of recreational use at muitiple levels. These
explorations are costly and often do not produce
results that are useful to the resource manager. In
additton, recent studies cast doubt on the
traditionally heid views of the influence of
encounters, densities, and crowding on the
expectations, experiences and satisfaction levels of
recreators. There appears to be a need to develop
new methods and tools for resoiving some of these
issues,

GIS, SPATIAL DYNAMIC MODELLING AND
SIMULATION

Due to the complexity of ecosystern dynamics,
interest has increased in using GIS for simulation
of spatial dynamie processes. Computer
simulations have been utilized in variety of natural

--resource management applications from modelling

animal populations (Stone, 1990 to hydrologic
systems (Zhang et al. 1994). According to Itamni
{1994} “a great part of the challenge of modelling
interactions between natural and social processes
has to do with the fact that processes in these
systems result in complex temporal-spatiai
behaviour. Vegetation dynamics, surface and
subsurface hydrology, soil erosion processes, wild
fire behaviour, popuiation dynamics, disease



epidemics, and urban growth are examples of
processes that exhibit complex behaviour through
time. It can be a daunting task to model each
component of the system much less simulate the
interactions between them. Yet with the rising
awareness and concern for local effects on global
climate and the need to understand how to maintain
sustainable landscapes, it is more important than
ever to develop theories and methodologies for
understanding natural and human processes as
complexs dynamic systems.”

The rapid development of accurate spatial
databases using G15 has opened opportunities for
resource scientists to extend the use of this data by
integrating GIS with emerging technologies.
Exploratory studies by (Gimblett et al. 19964,
1996b; Saarenmaa et al. 1994} have incorporated
artificial intelligence techniques with GIS. These
studies show the potential benefits of integrating
GIS with new technologies for improving resource
management decision-making and point the way to
the great potential for integrating emerging
technologies such as robotics and artificiat life with
GIS.

SPATIALLY EXPLICIT INDIVIDUAL BASED
MODELLING FOR ECOLOGICAL
PROBLEMS

The use of individual-Based Maodels (IBM) is one
of the popular approaches to modeliing spatially-
explicit ecological phenomena. iBMs according to
Slothower et al. {1996) are “organism-based
medels capable of modetling variation among
indtvidual and interactions between individuals.”
Researchers such as Slothower et al. {1996) and
Dibbie, {1996) utilize IBM approaches in the study
of a variety of ecological problems.

IBMs offer potential for studying complex
behaviour and human/landscape interactions withia
a spatial framework. Since spatial information
about a phenomena is stored on a georeferenced
coordinate system, space within a grid is implicit

-and relative to.the origin of the grid (Slothower et ... .

al. 1996). iBMs offer some basic advantages over
current cellular awtomata and other dynamic spatial
modelling approaches for examining spatiaily

location is explicit in IBMs, individuals can be
simulated, independent of the environment. This
provides the modeler with the ability to define an
individual's behaviour, personality traits and
interaction rules when encountering other
individuals. Computer modetling of most
ecological phenomena evolves in simulated time.
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Since space is continuous and individuals are
represented independently, temporal and spatial
variability in IBMs can be handled asynchronously
{individually updated) versus synchronously
{global update) common to most raster-based GIS
systems.

One form of individual-based modelling
approaches that has recently gained popularity is
artificial intelligent agents. [ntelligent agents or
what is referred to as “agent-oriented
programming’ is being used to capture behavioural
conditions and sets of intercommunication among
angd within agents that coexist in an environmeni.
These agents interact and react with their
environmenis - hence they are active objects with
some partially determined set of goals. This school
of thought professes that agent behaviour is an
intensive interaction and emergent property. The
environment is taken into account dynamically. Iis
characteristics are exploited to serve the
functioning of the agent. A complex agent has
complex goals, but behaviour to meet the goals
develops or emerges as the agent learns more about
its surroundings. While these simulations have
been suceessfully implemented in contrived
environments, real biophysical environments have
not yet been explored.

The few studies to date that have explored
emetrgent behaviour in individuals or societies have
not used GIS for representing the spatial worlds
behavioural interactions within those worlds. Since
human behaviour is inhereatly spatial, GIS can
provide the worlds that individuals could respond
to and function within. Currently, there is no GIS
system with IBM capabilities. Dibble {1996) states
that “individual-based models do currently exist
{Langton et al. 1995) and in many ways these
systerms may offer far deeper insights into human
geographic phenomena than any current GIS.”

In summary, despite the development of object-
oriented modeiting and simulation languages, GIS,
non-hurman agent design and simulations, no single
system has been constructed to handle the

- complexity of goal-oriented autonomous human-

like agents seeking recreational opportunities while
minimizing conflicts in natural environments.

‘While GIS alone cannot solve this problem, itcan

provide two and three dimensional data of the real
world, location and positional information on the
earth's surface, and the capability to store semantic
knowledge about qualities of landscape, crucial for
human behavioural modelling. Artificial
inteiligence {Al) on the other hand can provide the
added benefit of capturing and storing knowledge
about sociclogical functioning of humans such as



interaction traits, preferred movement patterns and
rates etc, and biological requirements such as rest,
sleep, nourishment etc. as decision rules. If these
are incorporated into an integrated modelling and
simulation system, they can provide a tool to aid
the manager in making more informed decisions
about forest recreation environments.

MULTIAGENT RECREATION BEHAVIOUR
SIMULATION SYSTEM (RBSim)

The desire to develop a practical tool for use by
resource managers for simulating recreation
behaviour in wildemess settings, has led to the
development of RBSim. RBSim was developed as
a specific application using features and concepts
from the other agent modeiling systems (Langton
et al. 1995) with the addition of direct object links
to GIS operators. RBSim is a computer program
that simuiates the behavior of human recreators in
high use natural environments. Specifically
RBSim uses concepts from recreation research and
artificial life and combines them with GIS to
produce an integrated system for exploring the
interactions between different recreation user
groups within real geographic space. RBSim joins
two computer technologies: GIS to represent the
environment; and Autonomous Human Agents to
simulate human behaviour within geographic
space.

RBSin demonstrates the potential of combining
the two technologies to explore the complex
interactions between humans and the environment.
To demonstrate the utility of the simulation tool,
data was collected using social survey techniques
on three recreation groups in Broken Arrow
Canyon near Sedona, Arizona, over a nine month
period. The canyon is popular for hikers, mouniain
bikers and people on commercial jeep tours
because of the unique spectacuiar desert scenery of
eroded red sandstone. Sedona is well known by
MNew Age enthusiasts for its "Spiritual Vortex".
This, combined with the close proximity to the
Grand Canyon, Monument Valley and the Navaho
and Hopi Indian Reservations, make it an

important tourist destiration by visitors around the

world. The upshot of this popularity is a problem
common to many popular wildland recreation

-destinations.-People-are "loving the place to death”-

by overuse. This overuse not only has negative
impacts on the landscape but also on the quality of
the experience people have when they visit.
Crowding, conflicts between hikers, mountain bike
enthusiasts and jeep tours can create negative
experiences in what should be a spectacular and
memorable landscape setting.

The U.S. Forest Service is responsible for
managing the resource. They must have guidance
on what actions to take to protect the environment
and provide the best possible recreation experience
for visitors. Options include building new irails,
limiting the number of visitors, or relocating
existing trails. Any of these strategies or
combinations of these strategies has complex
consequences on the net experience of visitors.
There have been ne tools available to natural
resource managers to study these complex
interactions. RBSim has been developed to address
these compiex issues by using computer simulation
technology. By simulating human behavior in the
context of geographic space, it is possible to study
the number and type of interactions visitors will
have within sach group and between groups.

RBSim is programmed using Microsoft Visual
Basic 4.0 with object-oriented classes, properties
and object structure. It is designed using a logical
structure of agents, interacting through discrete
events. In RBSim, agents (hikers, mountain bikers
and jeeps) are instances of a recreator object class.
Each class contains the behavioural rules and state
variables necessary for defining various types of
agents. A simulation proceeds in discrete time
steps. Individual actions of a recreator agent are
triggered either by environmental context {(stop to
look at a view, slow down to climmb a steep slope)
the result of social interactions (a crowded site may
result in an agent moving on, rather than stopping
at a view), or by “internal” events {reduced energy
ievels may trigger the need to rest).

Figure 1 below illustrates the components of the
modelling framework. The simulation interface
provides a mechanism for the user to control input
variabies, while the simulation engine keeps track
of timing and all global parameters. The agent
object model is the heart of the simulator which
serves to characterize agents and define subclasses
for each agent. The trail object model is also a
member of the agent ohject class and
communicates directly with recreator objects
developed specifically for this application. Ina
typical run agents, created from input parameters
randomly, respond to a specific set of rules,

“Depending on the agent they vary firspeed; energy

leveis and objectives or goals.

The software was designed around three types of
agents; hiker, mountain bikers and jeep tours. To
test the prototype, recreator profilas for each of the
recreator fypes were derived from analyzing the
survey data collected in Broken Arrow Canyon.
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Two untque personality types dominated the
characteristics of recreators that visited the canyon.
They are defined as landscape and social
recreators. A landscape type can be defined as
solitude seeking. They traverse the canyon
minimizing encounters with other agents. These
agents will pass other agents along the way, stop at
scenic lookouts only when there are less that four
other recreators present. These behaviours coincide
with the desired benefits extracted earlier in the
survey. Seeking physical exercise, avoiding crowds
and enjoying nature are strongly correlated benefits
of this group of recreators.
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Figure | - Multi Agent Simulation System Design

Social recreators on the other hand move slower
along the trails, will stay close to other recreators
they encounter and will stop at all scenic lookouts,
regardless of the number of other recreators
oresent. These agents are characterized as seeking
some minimal level of physical exercise, have no
need to avoid crowds and are out there to take their
time and enjoy nature. These are strongly
correlated benefits of this group.

Landscape and Social agents were designed to

agents keep track of the number of visual and
physical encounters they have as they move along

the.traii. A hiker’s visual encounter for example.is. ...

the sight of other visitors from along the hiking
trail (For detatled discussion on the agent visibility
modei see Gimblett, 1997). For the RBSim agents,
memory is important to their understanding of the
location of other agents are the simulated world.
All agents evaluate and keep track of other agents
that fall into their visual field and are summarized
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for each cell they are currently in, Each agent
knows at all times: where it is {cellular location),
where it has been, how long it has been there in
real and simulated time, how far it has traveled,
current energy levels, energy loss and how many
and which types of agents fall within a specified
distance and can be seen. Each agent has a record
of where and how many visual encounters it has
with other agents as it is moving through the
landscape over time. While each agent keeps track
of other agents it sees, the trail object model keeps
track of the number of agents that are physically
encountered in each cell throughout the simulation.
This information is subsequently used to determine
spatiaily represented physical and visual
encounters and movement patterns along the trails.
This information is used to graph the number of
encounters overtime for each of the agents being
studied

Before the simulation can be executed, a number of
parameters must be set up. First, a trail file must be
selected for each type of agent included in the
simulation. For evaluation of recreational use in
Broken Arrow Canyon, all agents are programmed
to follow trails. This was done for several reasons.
First, all trails lead to specific geologic features of
interest to the recreators which are among the
important reasons visitors come to the canyon.
Second, Pink Jeep Outfitters are required to follow
specific trails in the Canyon and in order to
evaluate visual and physical encounters between
jeeps and other recreational use, it is imperative
that they follow trails. Third, this simulation tool
wiil be used to examine new trails and the
devetopment of management plans for trail use in
the canyon. The trail files are preconstructed in the
(18 and the user can easily incorporate other
desired trails into the simulation environment.

ABSESSING RECREATION ENCOUNTERS
AND BEHAVIOUR QUTCOMES

In order to test some of the ideas and concepts
presented in this research and to dstermine the

experiments have been constructed. In order to
make these experiments as realistic as possibls,

-gata-from-the Broken Arrow user survey wasused

to derive agent personalities. During the interview
and survey phase of this research, visitors fo
Broken Arrow Canyon were asked to record the
maonth, day and time that they entered the canyon.
In order to demonstrate the utility of the software
for assessing recreation conflicts in Broken Arrow
Canyon, six experiments were established that



reflected the distribution of peak and off times of
recreation visits to the canyon. This paper wiil
present two, one under the normal use conditions
and the other modifying the bike trail 10
demonstrate the reduction in the number of
conflicts,

Figure 2 illustrates the number of visual encounters
that occur along the hiking trail. As the simulation
reveals, hiker's encounters with other hikers is
relatively low until the tumaround poiat in the trail,
where there is a significant increase. The
congestion created at the lookout points is a result
of these behaviours and can explain why numbers
of encounters generally increase throughout the
simulation. The number of visual encounters that
hikers have with bikers is high at the begianing and
tends to vary through the simulation run. Figure 2
clearly identifies areas where the encounters occur.
These areas correspond to the fast two stops or
lockouts and to the last half mile of the journey.
With six jeeps in the simulation there appears to be
only minimai conflicts that eccur. In fact, the
conflicts from hiker agents is almost nonexistent.

In summary it is clear that with thirty recreator
agents in the canyon there are considerable visual
encounters within and among hikers and bikers, but
a relatively low amount of encounters with jeeps.
Even among jeeps there is a minimat number of
encounters. It is clear that there are explicit spatial
locations during specific time periods where
conflicts do occur.

ASSESSING ALTERNATIVE TRAIL
CONFLICTS

Selecting alternative bike trails can have a major
impact on the number of encounters that occur
along the trails. It can be seen in Figure 3 that
when alternative bike route 2 is used in the
simulations, the number of biker encounters that
the hikers will have decrease significantly to the
point that they are again negligible after trail
section 360. When compared to Figure 2, by
altering the trail layout the mean number of
encounters has dropped by twe thirds and the
maximum pumber of encounters by more than half,

Figure 3 illustrates that while hiker encounters with
“otbier hikers and jeep encounters are not o

significantly effected by the alternative bike trail,
encounters with bikers are severely reduced.
Reducing biker encounters would, from a hikers
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Figure 3 - Results of Hiker versus Other Agent
Visual Encounters using Biking Alternative Trail

What is of interest however is when comparing
Figure 2 using the original bike route with Figure 3
encounters are extremely low and there are places
in the landscape where there are no encouniers at
all. Between trail sections 401 and 801 there are no
other encounters, Encounters with other biker

- agents.tend 1o steadily increase over the remainder.

of the trail. It is only near the end, where
encounters with other agent types occur again.
Since biker encounters with other bikers has no

significant negative impact on-each- other, this -

solution offers distinct advantages.
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DISCUSSION AND CONCLUSIONS

The agent simulations seem to be an excellent
method for moedelling recreator encounters and
ultimately conflicts, While statistical results of the
survey used in this study provide an indication of
the average number of encounters {viewed as
negative detractors), the agent simulations provide
a dynamic view of these encounters and identify
the locations where they occur. The effect of these
encounters on the overall recreational experience is
still unknown. However, this simulation
environment provides a way to test and evaluate
many scenarios of recreational use. While the
survey provided a quantitative measure of the
recreational experience, the simulation
environment provides a dynamic, spatial
representation of use and provides the added
benefit of coliecting and storing data on encounters
over time. Both these data can be evaluated using
conventiona statistical technigues and compared to
explain commonalties and differences.

Of interest in this research, and showing the power
of using simulation, is the impact of alternative
roules on recreator encounters, An examination of
the biker trail alternatives as suggested by the
respondents to the survey, illustrate the importance
of a well thought out trail design on recreational
encounters. As can be seen in this research both
alternative trail designs significantly reduce the
number of encounters with other recreators. It is
clear that the simulation environment can assist in
evaluating existing and proposed trails in an
altempt to minimize encounters and conflicts which
ultimately lead to a decling in recreational
gxperience.

What is imperative to emphasize in this work is
that simuiation of any dynamic behaviour cannot
be accomplished without techniques fike RBSim.
Simulation using personality traits and behavioural
rules synthesized from human recreators provide a
forum to evaluate and test a diversity of recreator
use densities over time. These alternatives can be
used to develop new facilities along the trails, and
to redirect trail use 1o maximize user satisfaction

~ while minimizing impact. Being capable of secing
the agents interacting under a variety of constraints
can assist the manager in acquiring a betier

-understanding of the-recreators-using public lands.
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