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Conflict over the best way to manage Oregon's public lands makes a land

planner's job extremely challenging. Multiple uses, federal mandates, and

constantly evolving knowledge all contribute to the difficulty of determining how to

best use the land. The Coastal Landscape Analysis and Modeling Study

(CLAMS) was developed in 1994 to help policy makers better evaluate potential

land management plans and to examine the effects and interactions of

ecological, economic, and social models on a regional scale. Geographic

Information Systems (GIS) are used in CLAMS to simulate and demonstrate the

spatial effects of alternative policies. The dynamic nature of land use and

planning lends itself well to GIS, a powerful computer-based tool that can

expediently illustrate different management scenarios.

One component of CLAMS focuses on social aspects, including

recreational use of forestlands. In 1997, a prototype model for assessing the

amount of recreation habitat was developed in the Coos Bay (Oregon) Bureau of

Land Management (BLM) District. The study served as an inventory for

recreation planners to identify the existing recreation opportunities. Geographic



Information Systems and the Recreation Opportunity Spectrum (ROS) were

combined in order to determine acreage of different recreation habitat types, or

ROS classes.

My project incorporates many features of the Coos Bay study (combining

GIS and ROS) but extends the geographic boundaries to include most of the

Oregon coast range. It also extends the analysis by integrating the recreation

model with a landscape change model7 to show how recreation opportunities

would change over a 100 year simulation of landscape conditions. It will provide

land planners and recreationists with information about the scope of recreational

experiences that they can expect to find in this geographic area.

Results illustrate that the greatest proportion of land falls into the

recreation category with the most developed or modified landscapes, and th.e

smallest quantity of land is at the primitive end of the spectrum. This holds true

for current and future conditions. These results are not surprising, given the

large degree of human modification in the CLAMS study area.

Collecting and generating spatial data offer immediate and long-term

benefits. They not only provide an inventory to land managers, but also help

fulfill CLAMS goals by examining the effects of land change over time.
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Combining the Recreation Opportunity Spectrum (ROS) and Geographic
Information Systems (GIS) to Assess Current and Future Recreation

Conditions in Oregon's Coast Range

CHAPTER 1. INTRODUCTION

Developing a workable plan to manage Oregon's public lands proves a

challenge for policy makers and managers. During the late 1980s and early

1990s, efforts to provide for multiple uses, including ecological, economic, and

social demands, hampered forest management due to conflicting viewpoints that

often surrounded major issues, such as the maintenance of old-growth forests

(CLAMS homepage 1998). As a result of the Forest Ecosystem Management

Assessment Team (FEMAT) planning, the Northwest Forest Plan was instituted

in order to protect species such as the spotted owl, which depend on late-

successional habitat. Among the repercussions of this decision were the

reduction of timber sales by almost 90 percent from late I 980s levels and other

far-reaching economic effects (CLAMS homepage 1998). Additional habitat

plans and the listing of salmon species as threatened or endangered could have

similar consequences on how federal and private lands are managed.

It remains unclear whether current or potential management plans are

capable of achieving their economic and ecological goals and what some of their

more subtle interactions and effects might be.



Conceptual and scientific models are presently inadequate to
distinguish among different policy approaches in a rigorous way.
Without more rigorously developed conceptual and analytical
models, it will not be possible to evaluate the potential for
cumulative impacts of these different policies on ecological and
soclo-economic values over large landscapes as a whole (e.g.
provinces or regions) and long time frames (>50 years) (Bettinger
etal. 1999, p.4).

As a result of this uncertainty, the Coastal Landscape Analysis and

Modeling Study (CLAMS) was developed to explore long-term interactions

between environmental and social conditions and effects of land management

policies. In order to better understand these variables on a large scale, the

CLAMS study incorporates almost the entire Oregon coast range. The primary

goal of CLAMS is to predict, using simulation models, how current land uses and

policies will affect future "biological diversity, watershed processes, and

economic and social outputs" (Bettinger et al.1999, p. 4).

The breadth and scope of the CLAMS objectives would be impossible to

achieve with a single project. Some of the goals, including social ones, are being

met through interrelated projects using applications of Geographic Information

Systems (GJS), a powerful computer-based tool which displays, manipulates, and

analyzes spatial data (Burrough 1986). The social objectives include identifying

existing recreation opportunities that might be altered by landscape or

management change over time, and how current forest conditions affect the

distribution of recreation opportunities. Recreation environments are not unlike

wildlife habitats - distinct areas suit the needs of different recreationists. These

habitats are identified and inventoried using the Recreation Opportunity

Spectrum (ROS), which is based on a framework that classifies existing
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recreation along a continuum, ranging from primitive to rural conditions (Clark

and Stankey, 1979).

My project will fulfill CLAMS goals by creating an inventory of recreation

opportunity classes on public and private lands in the Oregon Coast Range and

illustrating the spatial outcomes of projected changes on the landscape.

Objectives

Trying to predict the consequences of changes in natural resources is of

great interest to land planners and policymakers. The goal of this project is to

illustrate current spatial distributions of ROS classes in the Oregon Coast Range

and show how projected changes in landscape might affect future recreation

opportunities.

My research aims to produce a modeled scenario, and address not only

the "What is?" question, but also "What might be?" While predictions may not

always match real outcomes, they can provide recreation planners with some

insights about the impact of long-term changes in the landscape, and generate

ideas as to how recreation experiences will be affected. Hopefully, this will

enable both managers and recreationists alike to make more informed decisions

about providing and choosing recreation opportunities.

GIS will be used to achieve the following objectives:

Quantify and display spatially the current distribution of recreation habitats in

the Oregon Coast Range by ROS categories.

Quantify and display spatially the future distribution of recreation habitat in the

Umpqua Basin as a result of simulated landscape changes over 100 years.

3
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3. Modify the existing road coverage and create a potential landscape scenario to

evaluate what changes would be necessary to alter the current distribution of

ROS classes.

Organization of the Thesis

This study is divided into five chapters. Chapter Two presents a review of

literature regarding the Recreation Opportunity Spectrum (ROS), Geographic

Information Systems (GIS), GIS modeling, and how these tools have been

combined. Chapter Three discusses methodologies, including site selection,

simulation modeling, the variables used, and GIS methodology. Chapter Four

presents and discusses the results for recreation conditions in the CLAMS study

area, in addition to current and anticipated conditions in the Umpqua Basin.

Chapter Five presents a summary section, illustrates a hypothetical scenario

using GIS, and suggests directions for future related research.



CHAPTER 2. REVIEW OF LITERATURE

This project incorporates two tools; one serves as a recreation supply

inventory, the other maps and facilitates the inventory process. The

Recreation Opportunity Spectrum (ROS) is a tool that identifies recreation

habitat for humans, not unlike the concept of suitable habitat for wildlife (Brown

1979, Johnson and Litz 1995).

GIS also provides a valuable tool for illustrating with maps what exists

(quantitative tasks) and simulating the effects of management actions. It can

be used to address the questions: "What will the changes be and how [can we]

best react to them?" (Levinsohn and Brown 1991, p.19).

Recreation Opportunity Spectrum

In 1976, federal legislation established the National Forest Management

Act, which stipulated that our national forests provide "a broad spectrum of

dispersed and developed recreational opportunities" (Clark and Stankey 1979, p.

2). In response to this legislation, the Recreation Opportunity Spectrum (ROS)

was developed in the late 1970s as a way for federal agencies to provide a range

of recreation opportunities to accommodate diverse public tastes (ibid., p. 4).

Diversity is an important feature of any recreation system because it makes more

quality recreation experiences available. This was an underlying assumption in

developing the ROS (Stankey 1981).

ROS was reduced to a framework of classes that made it easier for

planners to determine the kinds of recreation opportunities that visitors would be

5
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likely to encounter (Clark and Stankey 1979). By understanding the relationships

and interactions between visitor experiences and outdoor settings (Gimblett

1998), managers can better anticipate what recreationists need and what the

agencies can provide.

There are three principal components to ROS: activities, settings, and

experiences (Stankey 1981). Natural resource agencies can provide settings in

which people can recreate, and to a certain extent they can supply activities such

as hiking or camping, although providing activities is not the focus of ROS (nor

usually an agency's responsibility). Experience is a personal component that

must be derived by the recreationist and cannot be furnished by the managing

organization. The recreation manager and planner must combine various activity

and setting opportunities so as to maximize people's ability to achieve desired

recreation experiences (Stan key 1981).

Setting can be further broken down into three primary elements:

The physical setting (e.g., vegetation, topography); the social
setting (e.g., the numbers of other people, the other types of
recreation activities); and the management setting (e.g., the rules
and regulations established by management). These three
elements exist in various combinations and are subject to
managerial control so that diverse opportunity settings can be
provided (Stankey 1981, p. 3).

Settings provide the criteria used to determine ROS classes and can be

further subdivided according to the attributes of specific geographic areas and

environments. The criteria developed for the Bureau of Land Management

(BLM) Coos Bay District prototype, a study done in I 997 which also combined

GIS and the Recreation Opportunity Spectrum, provide an example:



Remoteness: an indicator of the opportunity to experience greater or
lesser amounts of social interaction - remoteness from sights and
sounds of humans.

Naturalness: an indicator of stand age and vegetation management.

Area Size: used as an indicator of the opportunity to experience self-
sufficiency as related to sense of vastness of an undeveloped area.

Evidence of Use: an indicator of the opportunity to recreate in settings
having varying degrees of human influence and modification.

Visitor Use and Encounters: reflects the amount and type of contact
between individuals or groups. It indicates opportunities for solitude or
interaction with individuals.

Management Presence: reflects the amount and kind of restrictions
placed on people's actions by management (Andreasen 1984, P. 44).

ROS has become an important tool to help planners integrate recreation

issues with other management concerns, such as timber harvesting. ROS has

proven useful in achieving the goal of assessing the impacts of changes when it

is unclear what the results might be (Kliskey 1998). Gimblett (1998) identified

other reasons why ROS is effective for planning:

Provides a means by which to inventory existing opportunities

Analyzes the effects of other resource activities

Estimates the consequences of management decisions

Develops standards and guidelines for planned settings and monitoring
activities

Geoqraphic Information Systems (GIS)

A Geographic Information System (GIS) is a flexible and powerful

computer-based tool used for spatial analysis that performs both qualitative and

quantitative operations (Harris 1997). Because it can expediently illustrate and
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analyze spatial occurrences, agencies are increasingly using GIS for forest

analyses (Wing and Shelby 1999).

The World Health Organization website (1999) provides a comprehensive

definition of GIS as

an information system with a geographical variable [x, y, and
sometimes z] which enables users to easily process, visualize and
analyze their data or information spatially. Each piece of
information is related in the system through specific geographical
coordinates (e.g. latitude and longitude) to a geographical context.
The information can be displayed in the form of graphs, charts and
maps, although GIS are mainly used to display results in the form
of maps (p. 1).

Modelinq

While most people think of GIS as a mapping tool, the maps are not

necessarily an end in themselves (Confer and Graefe 1992, Honea et al. 1991).

One of the important features of GIS is the fact that users can produce models

illustrating present-day and future conditions. Given the dynamic nature of

forests as a renewable and changing resource (Heit 1991), GIS is ideal for

generating hypothetical forest scenarios. G. A. Van Sickle (1991, p. 352)

echoed this sentiment when he commented that "GIS capabilities.., make

possible 'let's look at...' scenarios."

Not only does GIS serve as a large spatial database for a recreation

inventory, but it can help track current conditions and predict future ones.

To make management decisions and monitor their effectiveness, a
reliable resource inventory is essential, as are tools that permit
easy and effective access to the data. A major strength of
ecosystem or landscape-scale management lies in understanding
the interactions between the various resources in the area of
interest, in response to proposed management decisions.



Essential to this understanding is the ability to do spatial analysis,
another capability that GIS can provide (Rochelle 1994, p. 46).

Dynamic landscape change models combined with GIS, such as

the one created by Bettinger et al., can help identify complex

environmental relationships and anticipate problems that will guide

management decisions in the future (Grossman et al. 1990).

GIS and the Recreation Opportunity Spectrum

Although GIS has been used extensively for natural resource projects

such as wildlife and vegetation studies, it remains largely untapped as a resource

for recreational planning (Wall 1997). Cole (1989) also expressed this opinion,

suggesting that geographers can contribute substantially to the existing base of

recreation knowledge through the use of GIS. Although many land management

agencies have recently purchased GIS hardware and software, the potential of

using it for different aspects of recreation management, such as user impacts,

has yet to be realized (Cole 1989).

Previous projects have combined GIS and the Recreation Opportunity

Spectrum. Gobster et al. (1987) describe a method to inventory existing

landscape conditions and model alternatives. Given changes in recreation policy

in the Hoosier National Forest in Indiana, they used GIS to assess the existing

recreation suitability and to illustrate a scenario that attempted to maximize the

amount of semi-primitive recreation opportunities. They found that using GIS

was advantageous when addressing policy questions and testing different

alternatives to meet policy goals (Gobster 1987).

9
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In 1997, the Coos Bay District of the BLM developed a study that

combined GIS and the Recreation Opportunity Spectrum. The primary

purpose of the Coos Bay pilot program was to "establish a GIS database that

could be used to identify the recreation opportunities in the Coos Bay BLM

District" (Wall et al. 1997, p. 4). The Coos Bay prototype integrated the

functionality of GIS with the Recreation Opportunity Spectrum. The prototype

was designed with the intention that, if successful, it could be implemented in

other Oregon BLM Districts (Wall et al. 1997). "The results from this study

suggest that GIS... technologies are powerful analytical tools that will enhance

future studies of recreational resources" (Wall et al. 1997, p. 38).

Another GIS/ROS application was a product of the Interior Columbia Basin

Ecosystem Management Project (ICBEMP), which was initiated under the

direction of President Clinton in 1993. The project was an attempt to put

ecosystem management principles into practice and to examine current and

future conditions over a multi-state region. The project included numerous state

and federal agencies, and addressed several large-scale issues. These included

forest and range conditions, the health of Snake River salmon, bull trout

protection, economies of local communities, species associated with old forest

structure, and treaty responsibilities to American Indian Tribes. The participating

agencies felt that all of these issues could be more successfully addressed on a

larger scale, "as the issues transcend administrative boundaries" (ICBEMP

homepage 1999), and one of the most effective ways to illustrate spatial data is

with a GIS.
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Over 170 computer-mapped data themes, including ROS classes in the

Interior Columbia Basin region, were generated using GIS and made available to

the public with the intention that these maps would aid in decision making. The

ROS maps covered much of eastern Oregon (but not the coast range), and a

coarse rule set based on road density was generated and used to determine the

classes.

As an example, areas over 2500 acres and greater than 1/2 mile from

roads were assigned to the Semi-Primitive Motorized category. Any areas

smaller than 2500 acres and within 1/2 mile of a road were assigned to the

Roaded Natural/Roaded Modified class (ICBEMP web page 1995). The final

ROS classes were lumped into broader categories that included Primitive/Semi-

primitive, Roaded Natural, and Rural/Urban. There were also some geographic

areas (i.e., private) which had not been classified ("Not Inventoried"), or were

lacking data ('No Data"), and these areas remained blank on the final output.

Randy Gimblett, a professor in the School of Renewable Natural

Resources at the University of Arizona, also established a project that combines

GIS and ROS. As a response to crude hand mapping techniques which he

criticized as "lacking sophistication, accuracy and scale necessary for site level

planning" (Gimblett October 1, 1999, p. 1), Gimblett developed an automated

ROS model using SAGE GIS, a raster based GIS system for PCs (SAGE web

page 2000). Gimblett's interactive GIS-based implementation of ROS expedited

and streamlined the entire modeling and mapping process, allowing users to

revise previously generated models without having to start all over. (Gimblett



12

1999, p. 1). His model also advises the user "how to resolve setting

inconsistencies between and within ROS classes" (ibid.). Setting inconsistencies

occur when "the physical, social, and/or managerial settings are not the same on

the same piece of ground. [For example] a heavily-used hiking trail in a Primitive

class physical setting may register a Semi-Primitive or Roaded Natural class

social setting... due to the amount of use" (Gimblett, September 24, 1999, p. 5).

The artificial intelligence qualities of Gimblett's ROS program become particularly

valuable when issues arise that fall outside the boundaries of the tidy ROS

framework. Other benefits include:

rapid model prototyping

increased accuracy and performance

consistency in choice of decision rules

effective, realistic rules for automated solutions to setting
inconsistencies (Gimblett 1999, p. 2)

Summary

As illustrated by the success of the Coos Bay prototype and the

advantages of applying GIS to a vast project like the ICBEMP, the use of

this tool can help researchers and agencies inventory and understand

existing features of the landscape. GIS can serve as an instrument for

managing complex concepts such as ROS, which have numerous criteria

going into the framework (Levinsohn and Brown 1991). An ROS inventory

in a large spatial area can be easily communicated through the use of

maps, which are efficient at illustrating patterns (Grossman et al 1993).



Dynamic modeling, another feature of a GIS, can help to predict future

regional conditions. One of the principal uses of a modern-day GIS can be as

an aid for problem solving and helping land managers make more informed

decisions (Siderelis 1991 Robinette 1991, Honea et al. 1991). GIS has

evolved "from an inventory tool, to an analysis tool, and ultimately to a

management tool" (Reisinger 1991, p. 223).

13



CHAPTER 3. METHODOLOGY

Site Description and Selection

The CLAMS area (Figure 1) encompasses over 7.6 million acres of land in

16 counties, and includes six different owner classes, which can be aggregated

under the headings of public and private ownership. Of the 7,614,768 acres in

the CLAMS region, 5,175,155 acres are private lands and the remaining

2,439,613 acres are public. Public lands include those managed by the United

States Forest Service (USFS), Bureau of Land Management (BLM), state, and

miscellaneous public ownership (e.g., city, county). Private lands can be further

categorized into private-industrial such as those owned by forest companies, and

private non-industrial such as small woodland owners' and homeowners'

properties.

The CLAMS area is located on the Oregon Coast, stretching from Astoria

in the north to Port Orford in the south. The eastern edge of the study area

borders the Willamette Valley. Small cities dot the entire coast (e.g., Newport

and Coos Bay), while larger ones, including Portland and Salem, are located

near the eastern side of the study area. The Umpqua Basin, a sub-unit that I

used in the analysis, sits approximately 3/4 of the way down the study area

(Figure 3-2). One of the results of this spatial arrangement is that urban dwellers

tend to travel heavily on the primary road system to reach coastal recreation

areas (Figure 3-3).

The Coast Range is characterized by steep slopes and dense vegetation,

qualities that played an important role when the BLM determined the ROS criteria

14
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Figure 3-2 Umpqua Basin study area

30 0 30 60 Miles



17

Pan Oror

30 0 30 60 Miles

Figure 3-3 Major highways in the CLAMS study area
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for the area (Wall et al. 1997). Graphic representation of land ownership is

characterized by checkerboard patterns, which become readily apparent when

looking at the results of future models where management practices vary by

ownership. Although the coast range economy was formerly dominated by

timber and logging, there has been a recent shift away from those industries and

more focus on tourism and service industries. There are abundant recreation

opportunities located in national forests, wilderness areas, wildlife refuges and

coastal dunes. These are managed by the USFS, BLM, and other state

agencies (Oregon Recreation Guide web page 1999). The Siuslaw National

Forest manages 41 recreation areas, the majority of which are located on the

coast. A similar pattern exists with State Parks, which manages nearly 60 parks

on the coast and 32 in the interior of the study area (Oregon Parks and

Recreation Department web page 1998).

I chose a subset of the CLAMS area to demonstrate the integration of

ROS analysis with the dynamic landscape model. The Umpqua Basin was

selected as a result of subdividing the Coast Range into six megasheds

(watersheds of 1-2 million acres each), the largest areas that could be modeled

given the computer hardware (2 gigabytes of RAM) available at the time.

Simulations could have been run on smaller parcels, but researchers decided to

minimize the number of simulations in order to maximize efficiency (personal

communication, Bettinger, October 4th, 1999). Ultimately, I selected the Umpqua

Basin as the model to use with ROS because this model was the first to be

completed.
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Simulation Modelinq

The landscape simulation results provided by Bettinger et at. (1999) were

used to illustrate the changing vegetation conditions in the Umpqua Basin in 25-

year increments. The model required both spatial and non-spatial input data, i.e.,

information pertaining to the actual composition of the land, as well as forest

management practices and policies. Landscape structure was created using GIS

databases, using "a classified TM [Thematic Mapper] satellite image of forest

vegetation, a 30 meter digital elevation model, and databases describing land

ownership, land allocations, ecoregions, watersheds and streams" (Bettinger et

al. 1999, p. 6).

One of the important criteria in determining the ROS classification is

vegetation composition. The initial coverage consisted of fourteen vegetation

strata that were developed using the satellite imagery. Nine of these strata

consist of actual vegetation (broadleaf, 4 mixed broadleaf-conifer size classes,

and 4 conifer size classes) while two strata represent cleared or open conditions.

(The other three strata -- background, shadow, and water -- are not considered

vegetative types.) For both mixed and conifer types, the four classes were based

on tree size measured as diameter at breast height (Bettinger et al. 1999).

In addition to assessing the vegetation that currently exists, Bettinger et al.

tried to predict forest management intentions over the next 100 years. These are

illustrated as a series of future planning activities and form the basis for a harvest

prescription (Rx). Prescriptions vary based on several factors:

Rx = f (owner, ecoregion, initial vegetation class, management intentions)
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Each prescription is linked with an estimate of forest characteristics - for

instance, vegetation class, age, etc. (Bettinger et al. 1999).

Although public and private lands were split into four ownership groups

during the landscape simulation (federal, state, non-industrial private, and forest

industry), these were lumped into two ownership classes for the ROS analysis,

public and private, because recreation occurs primarily on public lands, and

further delineation seemed irrelevant to this analysis.

Information on management intentions was gathered through discussions

with land managers. Federal land managers on the Siuslaw National Forest

provided the information for public lands, while land managers and planners

working with private forest industry groups supplied the information for private

lands.

On public land, Bettinger et al. assumed that one thinning would occur in

conifer vegetation types between the ages of 30 and 35. For private lands,

"conifer and mixed clearcut ages can range from 30-80 years; [theoretically] 0-3

thinnings can be assumed at 10 15 year intervals, starting at age 30-35

years" although only I thinning was actually modeled (Bettingeret al. 1999, p.

11).

After the databases and management prescriptions have been
developed, the task of defining how management activities will be
scheduled lies within the simulation model itself. The current model
is fairly flexible in that it can be modified to allow different
representations of an even flow of timber harvest volume (e.g.,
which owners and what types of harvests [thinnings, clearcuts] are
to be considered), as well as adjustments to clearcut size
limitations (Bettinger et al.1999, p. 13).



21

The CLAMS simulation model used different harvest scheduling

techniques (e.g., binary search) for each owner group, based on specific goals of

the owners (Bettinger et al. 1999). On private forest industry lands the objective

is to provide an even-flow harvest over time. For state, federal, and non-

industrial private forests, harvest decisions are based on stand ages (i.e., what

can be harvested in a certain vegetation class) although the state had an even-

flow goal as well (Bettinger et al. 1999, p. 18).

The results of the CLAMS simulation model are reported for the entire

coast range, but are generally descriptive of the Umpqua Basin modeling as well.

The researchers found that the amount of older forest increased over time in the

North Coast due to structural policies on state land.

In addition, the boundaries of both federal and state and other land
ownerships become clearer, and the patchy nature caused by the
past federal harvest policy of small clearcuts largely disappears.
[Privatej land cycles on rotations of 40-60 years. Clearcutting
would provide most of the volume from the private lands, while
thinning would provide most of the volume coming from state and
federal lands (ibid., pp. 21-22).

ROS Modeling

Using the vegetation coverage and models provided through CLAMS

research, I applied the criteria from the Coos Bay prototype to determine the

amount and distribution of ROS classes (applying the same criteria to the

Umpqua Basin). The criteria and classes include:

Criteria: remoteness, size, and naturalness
Classes: primitive, semi-primitive non-motorized, semi-primitive motorized
non-managed, semi-primitive motorized managed, roaded natural rustic,
roaded natural semi-rustic, roaded managed/rural



SPNM = Semi-Primitive Non-Motorized SPMNM = Semi-Primitive Motorized Non-Managed; SPMM =
Semi-Primitive Motorized Managed; RNR = Roaded Natural Rustic; RM = Roaded Managed
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Table One shows the ROS classes and criteria that were used for this

analysis. Unlike the Coos Bay prototype that used 5 different criteria, only three

criteria - remoteness, size, and naturalness -- were used in my project due to

limited GIS coverages that were available through the CLAMS data sources.

The other two criteria used in the Coos Bay prototype -- information about

management presence and visitor encounters -- are not available for the entire

Coast Range. This makes it impossible to distinguish between Roaded Managed

and Rural classes, so these were grouped together in the category called

Roaded Managed.

Table 3.1. ROS classes and criteria

CLASS CRITERIA

Remoteness Size Naturalness

Primitive 1.5 miles from any class
of road

>1000 acres 50+ years, no stand management

S PNM .25 miles from any class
of road

>500 acres 50+ years, no stand management

S PMNM .25 miles from paved or
double gravel road

>500 acres 50+ years, no stand management

SPMM .25 miles from road >500 acres >60% 50+ years, upto 10% less than 20
years, thinning OK

RNR any distance from any
kind of road

>40 acres 50+ years, no stand management

R M any distance from any
kind of road

any size class any type stand management



in the Coos Bay prototype, WaH et al. (1991, pp. 12-13) give explicit

descriptions of each class as follows:

Primitive areas provide opportunities for remoteness and self-sufficiency with
no motorized access in or near these areas. Areas in this class must be large
and appear natural. Stand age needs to be old enough to give a natural
appearance.

Semi-Primitive Non-Motorized areas provide opportunities for remoteness
with some degree of solitude. Access is also a key indicator with motorized
approach up to most of these areas, but no motorized vehicles within them.
Stand age must be old enough to give a natural appearance.

Semi-Primitive Motorized Non-Managed areas are more accessible from a
wider variety of roads (e.g., primary or secondary roads). These areas should
provide opportunities for remoteness and appear natural.

Semi-Primitive Motorized Managed areas are the same as above, except for
the naturalness indicator. These areas show evidence of stand management
where clearcuts and young stands might be visible.

Roaded Natural Rustic areas have natural corridors along roads, and are
easily accessible by vehicle. These areas may offer opportunities for
remoteness due to tow traffic volume. The surroundings should appear
natural except for the road itself.

Roaded Managed (also called Rural) areas are highly accessible, often
located along major thoroughfares. The surroundings might be natural (e.g.,
sand dunes). These areas are unlikely to provide any opportunities for
remoteness. The site may be centered around natural features, but will
contain many modifications and facilities.

The criteria in the table are used in a conditional manner. For example, for a

parcel of land to be considered primitive, it has to meet all of the following

criteria: it has to be over 1000 acres in size, at least 1.5 miles from the nearest

road, and contain tree stands older than 50 years. The rest of the classes are

determined in a similar fashion, using their respective criteria.
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GIS Methodoloqy for mappinq ROS classes

I performed the majority of the processing with ESRI ArcView 3.1

(Environmental Systems Research Institute 1992), but I used Arclnfo 7.2 (ibid) in

order to expedite some steps and overcome certain limitations of ArcView. I first

copied various coverages from the CLAMS data library into personal workspace

for editing purposes. The coverages include roads (a U.S. census TIGERILine

file for 1995), counties, land ownership (public and private), and vegetation.

They were initially in a grid (i.e., cell-based or raster) format; however, I

converted them to polygon (shapes bounded by lines) coverages for certain

ArcView procedures. This conversion was performed using the grid-to-poly

command in Arclnfo.

In order to use the 14 vegetation strata from the CLAMS database for

ROS classification, I further aggregated the classes. New classes based on age

were developed according to another ROS prototype done on the Alsea Basin in

the fall of 1997. I grouped the previous 14 categories together and reclassified

them under the four new age classes as shown in Table 2.

Table 3.2. Vegetation Reclassification scheme

Original Strata # vegetation Reclass #
0 Background 0

1 Shadow 0

2 Water 0

3 Open 20
4 Semi-Closed 20
5 Cloud 0

6 Broadleaf 20
7 Small Mixed 30
8 Medium Mixed 50
9 Large Mixed 50
10 Very Large Mixed 50
11 Small Conifer 30
12 Medium Conifer 50
13 Large Conifer 50
14 VeryLarge Conifer 50
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The reclassification numbers signify the following: 0 no age; 20 =

vegetation <20 years; 30= vegetation >60% 50+ years and <10% under 20

years; 50 = vegetation >5Oyears.

In addition to reclassifying the vegetation, I had to alter the road coverage.

The census road file is lacking in building material makeup, so I broke the

coverage down into the best alternatives - primary (paved) and secondary

(paved/gravel) roads. All of the roads (primary and secondary) were then

buffered with corridors of .25 miles and 1.5 miles, to represent the remoteness

criteria.

Due to the large size of the CLAMS region, ArcView could not process all

of the information for the entire area, so that both roads and vegetation were

cropped down (using the ArcView clip command) by individual counties for

expediency and ease of processing. The clipping process is analogous to a

cookie cutter, which removes specific shaped pieces of dough (i.e., cutting out a

piece of one theme using another theme). These pieces make up output files or,

in this case, individual counties.

In executing this step, there was a chance of losing potential classes by

separating the counties. For example, if there is a large unroaded area on the

edge of a county, but a paved road exists on the edge of the adjacent county,

this would affect the class for the unroaded area. I tried to account for this

possibility by overlaying the county outlines over the entire road and vegetation

coverages to inspect edge features and prevent classes from being erroneously

created or eliminated. However, this technique was not possible for the Umpqua
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Basin simulations, where the modeled data did not include the surrounding

areas. Consequently, ROS classes on the border might not be entirely accurate.

The next step required doing a search using ArcView query tools. A

contingent statement was used to look for polygons that met the following

conditions of specific classes:

Vegetation = (reclass #) 50 and >1000 acres (Primitive)

Vegetation = (reclass #) 50 and >500 acres (Semi-Primitive Non-
Motorized and Semi-Primitive Motorized Non-Managed)

Vegetation = (reclass #) 30 and >500 acres (Semi-Primitive Motorized
Managed)

Vegetation = (reclass #) 50 and > 40 acres (Roaded Natural Rustic)

I used these polygons to create a shapefile (a file which allows limited

editing of a specific theme) that met condition #1 (Primitive). I called this

shapefile veg5O_>l000acres.shp. I then used the shapefile as the coverage to

erase the input cover (i.e., the coverage containing features to be erased).

"Erasing creates a new coverage by overlaying two sets of features. The

polygons of the erase coverage define the erasing region. Input coverage

features that are within the erasing region are removed. The output coverage.

contains only those input coverage features that are outside the erasing region"

(Environmental Systems Research Institute 1997). The input coverage in this

case would be the file containing the roads buffered with a 1.5 mile corridor. This

critical step determined whether any land met the Primitive criteria. The same

process was executed for conditions #2 (SPNM and SPMNM) and #3 (SPMM).
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Primitive Motorized Managed

Veg5O>500acres.shp -. 25mile_hwy_buffer.shp - Semi-Primitive
Motorized Non-Managed

The shapefile, veg5o_>4oacres.shp, was not used as an erase coverage

because the remoteness criteria specify that there is no distance restriction (any

type of access is permitted).

When the erasing step was complete, I had to recheck the size of the

polygons that remained. Some of these polygons were no longer contiguous,

which is one of the requirements of ROS. It is not acceptable to have numerous

smaller polygons that add up to 1000+ acres for a Primitive class, for example.

Each individual polygon has to meet that standard. Those polygons that did not

meet the designated size requirement for their particular class had to be

reclassified into a more developed ROS class. Those that did meet the

requirements comprised the final class.

When the ROS classes from all 16 counties were established, I merged

them together using the ArcView merge command to aggregate features with the

same themes. This final output was made into a new shapefile for each class,

called for example, clams spnm.shp. Afterwards, acreage for each class was

calculated by examining the attribute table (which lists the acreage of each

polygon, in addition to other information) and using the ArcView statistics tool to

do the simple addition.

. Veg5O_>1 000acres.shp - I .5mile_buffer_allroads.shp - Primitive

Veg5O_>500acres.shp -. 25mile_buffer_allroads.shp - Semi-Primitive
Non-Motorized

Veg3O_>500acres.shp --. 25miIe_buffer_allroads.shp - Semi-
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The final step was to differentiate between ROS classes on public and

private lands. I achieved this by clipping either public or private land boundaries

with each of the ROS class shapefiles. Again, I calculated the acreage for each

class by looking at the acreage in the associated attribute table and summing it

up.

I then performed all of the same steps with the Umpqua Basin 25-year

increment simulation models to illustrate future ROS conditions given the

projected landscape changes over time.



CHAPTER 4. RESULTS

CLAMS Area

The results of current ROS analysis for the current landscape conditions in

the entire CLAMS study area are shown below (also illustrated in figures 1-3):

Table 4.1. ROS results on CLAMS study area
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Roaded Managed areas make up the largest class, with 66% of the entire

CLAMS study area, which is not surprising given the category's relatively relaxed

criteria. Semi-Primitive Motorized Non-Managed is the second largest class, with

24% of total land area. Roaded Natural Rustic follows in size with 7% of all

lands, and Semi-Primitive Non-Motorized, with the most stringent criteria, has the

smallest percentage of land at 3%. There is no Primitive or Semi-Primitive

Motorized Managed land. The Primitive class criteria were not met due to the

large road distance requirements. The road density in the study area is such that

after buffering to 1.5 miles, there was no remaining land outside of the buffer

strips that both had a contiguous area greater than 1000 acres and met the

naturalness criteria. There was no vegetation that met the SPMM class

requirements.

ROS Class - Total Acres % of total
lands

% of Private
Land

% of Public
Land

Primitive 0 0% 0% 0%

SPNM 221,817 3% 0% 6%

SPMNM 1,801,648 24% 15% 41%
SPMM 0 0% 0% 0%

RNR 537,592 7% 5% 13%

RM 5,064,989 66% 80% 40%
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Figure 4-2 ROS classes on private lands
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Figure 4-3 ROS classes on public lands
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Figure 4-1 also illustrates that the majority of Roaded Managed lands are

found around the perimeter of the study area, where there is a higher density of

human development. The Willamette Valley is located at the eastern edge of the

study area, which is marked by human and agricultural development. Figure 4-2

shows that most of the fringe areas are privately held, whereas the interior lands

are mainly public (Figure 4-3). This development results in a of lack of

vegetation and size (acreage) that fit other classes' criteria.

Conversely, most of the other classes (SPNM, SPMNM, and RNR) are

found primarily in the interior of the CLAMS region where there has not been as

much human modification. One reason for this might be the topography; the

Coast Range is fairly rugged and inhospitable to development. Another reason

for these ROS patterns is that more of the interior land is publicly owned, which

partly determines what development and harvesting activities can occur. This is

particularly evident at the southern end of the region, where there are large tracts

of Forest Service and BLM lands adjacent to each other.

Umpqua Basin

ROS conditions and acreage in the Umpqua Basin are projected for

current conditions through the next 100 years, in 25-year increments (Table 2

and Figures 4-18). Roaded Managed (with its relatively liberal criteria) is by far

the largest category, currently comprising 64% of all lands. Over the next 100

years, the Roaded Managed acreage varies slightly, decreasing initially in the

first 25 years, and then stabilizing at 62%. The next largest class is Semi-

Primitive Motorized Non-Managed, which currently makes up 28% of Umpqua



Figure 4-4 Umpqua Basin - current ROS classes
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Figure 4-5 Umpqua Basin - current ROS classes on private lands
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Figure 4-7 Umpqua Basin - 25 year ROS class projection
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Figure 4-17 Umpqua Basin - 100 year ROS class projection on private lands
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Figure 4-18 Umpqua Basin - 100 year ROS class projection on public lands
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basin lands. According to projections, these areas will decrease to 23% over the

next 100 years.

Currently, Roaded Natural Rustic lands constitute 3% of the Umpqua

basin. A gradual increase in the size of this category is projected, becoming 10%

in 100 years. No significant change occurs over the century for the Semi-

Primitive Non-Motorized class, which comprises a stable 5% of the Umpqua

Basin.

Table 4.2. ROS Classes in Umpqua Basin

On private lands, recreation land in the more pristine end of the spectrum,

e.g., Semi-Primitive Non-Motorized, is so scarce that it begins with very little

(.04%) and ends with nothing (Table 3). Similarly, Semi-Primitive Motorized Non-

Year ROS class Acres %

Current SPNM 51,868 5%
SPMNM 271,921 28%
RNR 27,525 3%
RM 622,712 64%

25 Years SPNM 57,491 6%
SPMNM 261,319 27%
RNR 104,516 11%
RM 550,700 57%

50Years SPNM 51,013 5%
SPMNM 231,012 24%
RNR 94,905 10%
RM 597,096 61%

75 Years SPNM 46,068 5%
SPMNM 261,167 27%
RNR 62,842 6%
RM 603,949 62%

100 Years SPNM 44,720 5%
SPMNM 227,101 23%
RNR 96,199 10%
RM 606,006 62%



Any large, natural, and remote ROS classes that exist in the Umpqua

Basin are found primarily on public lands. According to projections, Semi-

Primitive Non-Motorized lands increase slightly from the current 3% to 4% on

public lands (Table 3). There is an 8% jump in the Semi-Primitive Motorized

Non-Managed category within the first 25 years (17 to 25%), but then a 5%

50

Managed area decreases from 6% to 0%. There is a slight overall increase in

the percentage of Roaded Natural Rustic lands, with a jump in the first 25 years

from 4% to 9%, and then a decrease to 6%. The largest category, Roaded

Managed, gains 5% additional acreage, from 48% to 53%.

Table 4.3. Umpqua Basin Projections - Private and Public Lands

Private Lands % of limpqua
Basin

Public Lands % of Umpqua

BasinAcres Acres
Current SPNM 4,109 0% 29,955 3%

SPMNM 59,746 6% 162,929 17%
RNR 42,259 4% 35,382 4%
RM 468,502 48% 165,242 17%

25 Years SPNM 0 0% 41,707 4%
SPMNM 35,731 4% 240,725 25%
RNR 87,945 9% 17,217 2%
RM 450,940 46% 93,859 10%

50 Years SPNM 0 0% 38,240 4%
SPMNM 1,243 0% 198,787 20%
RNR 66,867 7% 53,381 5%
RM 506,506 52% 103,100 11%

75 Years SPNM 0 0% 37,123 4%
SPMNM 7,953 1% 218,331 22%
RNR 60,318 6% 28,550 3%
RM 506,345 52% 109,504 11%

100 Years SPNM 0 0% 35,851 4%
SPMNM 0 0% 199,332 20%
RNR 60,231 6% 52,607 5%
RM 514,385 53% 105,718 11%
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decline, ending at 20%. Roaded Natural Rustic lands vary only slightly over the

century, starting at 4% and ending at 5%. An interesting trend appears in the

Roaded Managed class, which increased its acreage on private lands. On public

lands, the category decreases by 6%, from 17% currently to 11% in 100 years.

The decline in public acreage is greater than the increase in private acreage,

leading to an overall decrease in Roaded Managed areas.

The CLAMS simulation model provides results that may indicate trends in

recreation habitat types over the next 100 years, should current forest

management remain the same (excluding the possibility of new regulations or

catastrophic disturbance) (Bettinger et al.1999). Road changes were not

simulated in the CLAMS project for multiple reasons. Even though the CLAMS

simulation model can be considered a strategic planning model with tactical

planning elements, the costs (time and computer code) of including roads

outweighed the benefits. The only clear benefit was related to harvest

scheduling and it was not clear how the incorporation of roads would benefit any

of the associated biological effects (primarily wildlife and fish) models.

Furthermore, dealing with the roads can make an already complex harvest

scheduling model more complicated (requiring a shortest path algorithm), and no

GIS database describing potential roads was available (personal communication,

Bettinger, January 6, 2000). Since the only landscape characteristic related to

ROS criteria that changes in the simulation is vegetation, the transformation over

time can be attributed solely to changing vegetation coverage.
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On private lands, where there is a higher rate of thinning and where

clearcutting can start at 30-35 years, the size criterion which makes up the 50+

year age class are no longer met, resulting in the elimination of Semi-Primitive

Non-Motorized lands (Bettinger et al. 1999). This does not mean that 50+ year-

old vegetation won't exist at all on private lands, but that it won't be present in the

amounts necessary to meet the SPNM requirements.

In the Umpqua Basin, the model projects an increase in more pristine

areas on public lands. The harvesting patterns on state and federal lands (one

thinning between the ages of 30 and 35) allow for a longer rotation period, which

allows vegetation to reach the age that meets the more primitive classes' stricter

criteria.

Most of the land in the CLAMS study area is held by private land owners,

where state and federal management does not occur; these private lands are

projected to lose their semi-primitive characteristics over the next 100 years. On

the other hand, semi-primitive areas of public lands appear to be increasing

during the same period. Given the current trends, a moderate variety of

recreation opportunities will continue to exist on public lands if land management

policies remain the same. However, if any of these conditions were to change,

the ROS classes could potentially be altered. This scenario should be monitored

by recreation managers over time.

Road Closure Scenario

The Siuslaw National Forest, which covers much of the central Oregon

coast range, is currently implementing road closures and is expected to close



53

more in the future. To assess the impact of eliminating roads, I applied the

current modified road coverage provided by the Siuslaw National Forest (Figure

19) with the ROS criteria. The road closures to date, which consist of

approximately 32 miles of non-contiguous roads, made no difference in the

number or size of existing ROS classes (Figure 19).

I then used GIS to generate a hypothetical scenario in order to discover

what would be necessary to alter or create new ROS classes. Given the

absence of the Primitive ROS class in the coast range, I decided to create the

necessary conditions for this class by modifying the existing road coverage.

When the dependent statement was used to find land that met the "vegetation

over 50 years of age and over 1000 acres" criteria, there were a number of

parcels that fulfilled these requirements. However, upon overlaying that

coverage with the roads that were buffered with a 1.5-mile corridor, no primitive

land existed due to the abundance of roads.

Using a demonstration area in the Umpqua Basin, I eliminated a cluster of

roads to provide the right conditions for a Primitive land class, creating an

artificial hole so that a parcel of land would remain unobstructed by the road

buffers (Figure 20). I chose this area by visually inspecting the map of lands

greater than 1000 acres with vegetation over 50 years, overlaid with the current

road system. I selected the area with the fewest roads running through it. I had

to remove more than 7 miles of contiguous roads (.19 miles of road per square

mile of land) in order to create a parcel of primitive land. While such radical road

closures may not feasible, the exercise provides a worthwhile demonstration of
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GIS modeling capabilities. The simulation also illustrates the abundance

of roads in the Coast Range and their effect on recreation opportunities.



CHAPTER 5. DISCUSSION

Recommendations

One of the drawbacks of this demonstration project is a lack of data

pertaining to ROS criteria. As indicated in the literature review, two other criteria

were taken into account for the Coos Bay prototype: evidence of management

and social encounters. This information could be obtained for the entire Coast

Range, although it would be time consuming and expensive to collect. It would

have to be made available in an electronic format that could then be converted

into digital coverages for use in a GIS. These data would provide more detailed

information about the nature of recreation opportunities - not just environmental

surroundings, but the behavior of recreationists and managing agencies. Where

information is unobtainable, a less desirable solution would be to omit that region

from analysis, such as was done in the ICBEMP project, and thus to accept

incomplete results.

Another to improve this project would be to capitalize on the full potential

of CLAMS GIS databases. Instead of using the 14 vegetation strata, which miss

some of the finer detail (i.e., individual pixels), we could now use an age

database that provides specific vegetation age. This information might be

especially useful when searching for the Semi-Primitive Motorized Managed

class, which has the most complex vegetation requirements (more than 60% of

the area has to contain 50-year or older vegetation, and no more than 10% may

contain younger than 20-year vegetation). These conditions might have been

57
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absorbed in the coarser resolution and reclassification of vegetative types using

the strata.

The available road coverage was another obstacle that influenced the

results of my project. The road database that was used for the BLM-Coos Bay

study specifies surface type, unlike the CLAMS road coverage, but it only covers

BLM lands. Surface type was not specified for roads that fall outside of BLM

jurisdiction. I used the coverage that incorporated all of the roads in the CLAMS

study area, the U.S. census TIGERJIJne file. These data are less specific than

the BLM road coverage data, so that the accuracy of the road information used is

called into question.

My project could be further enhanced by ground truthing. This was done

in the Coos Bay pilot study, and serves to validate the model and evaluate its

efficacy (Wall et al. 1997). For example, I could randomly select points in each

ROS class and determine their locations with latitude and longitude coordinates.

Using a Global Positioning System (GPS) unit, I could then find the exact location

of these points on the ground, and based on the ROS criteria of remoteness,

naturalness, and size (if possible), assess whether they were consistent with the

GIS results. The class descriptions that Wall et al. (1997) provided could serve

as a qualitative tool, to ascertain whether or not an ROS class has a certain "feel"

to it. For example, when checking a Semi-Primitive Non-Motorized area, do the

motor access limitations effectively provide a sense of solitude, or can vehicular

traffic still be heard? Does the vegetation look natural, or do distant clearcuts

suggest human interference? This raises the issue of incorporating viewsheds



59

into the Recreation Opportunity Spectrum and the challenge of setting

inconsistencies. While a particular location might meet the criteria for SPNM,

adjacent land that does not meet the criteria might impact its classification. Field

testing would help to estimate the accuracy and value of the GIS model as a tool

for identifying recreation opportunities.

In addition to modifying the road coverage, altering the harvest rotation

length and illustrating the outcome might be a useful exercise. For example, if

the minimum clear-cut age were extended to 50-55 years, would there be a

significant impact on the amount of semi-primitive classes that remain on public

lands over the course of the century? If recreation managers are concerned with

providing more lands in the primitive end of the spectrum, this might be a feasible

regulatory change - perhaps not only augmenting semi-primitive public land, but

increasing diversity of private lands.

Finally, stochastic events such as wildfires, windstorms, and disease

comprise another component of the CLAMS modeling project that will be

addressed in the future. For example, large fires could potentially destroy

thousands of acres of vegetation, and eliminate the criteria upon which the

classes are partially based. In this scenario, the ROS class settings might have

to be quickly revised to incorporate the less primitive feel of exposed landscapes,

but could then be reabsorbed into the standard ROS framework as vegetation

returned.
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Conclusions

This study presents a methodology for displaying current and future

recreation conditions using the Recreation Opportunity Spectrum (ROS) and

Geographic Information Systems (GIS). While the project is based on prior work

done on BLM lands in the Coos Bay district, it expands on previous efforts not

only spatially, but also temporally. Results indicate that this sort of recreation-

based mapping project can indeed be accomplished, but not without some

caution about data availability and accuracy.

My results illustrate moderate diversity of recreation lands in the Oregon

Coast Range, with the most-represented ROS classes in the modified

landscapes, and the least-represented categories near the primitive end of the

spectrum. This holds true for both current and future conditions. If recreation

managers want to provide greater diversity of opportunities, they must consider

that two classes are missing from the spectrum. High road density probably

prevents the creation of Primitive opportunities. However, by altering harvest

practices or using more specific vegetation data, it might be possible to generate

Semi-Primitive Motorized Managed areas, or to augment the classes that are

currently underrepresented.

The power of GIS as a mapping tool has been demonstrated for years,

but only recently has it made an impact as a modeling tool to predict how

conditions will evolve over time. Illustrations from these models may also serve

as a measure by which to monitor recreation conditions. While the passing of

time will be the best indicator of the GIS model's accuracy as a predictive
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instrument, this project has demonstrated that GIS methodology can be used to

represent current conditions effectively.



REFERENCES

Andreasen, B. 1984. Utilizing the Recreation Opportunity Spectrum as a tool
in land allocation decisions involving energy development and wildlife.
In Wildlife: Proceedings of a National Symposium, Steamboat Springs,
CO pp. 43-36

Bettinger, P. 1999. Personal communication via e-mail. October 4, 1999.

Bettinger, P. 2000. Personal communication. January 6, 2000.

Bettinger, P., J. Sessions, T.A. Spies, K. N. Johnson, J. Brooks, A. Herstrom.
1999. A landscape simulation model for coastal Oregon landscape
analysis and modeling. In press.

BLM ROS Inventory Guidelines Procedures. (No date). [Online] Available:
http://www.forestry.umt.edu/bIm/rosqen.htm [1998, December 2].

Brown, P.J., B.L. Driver, D.H. Bruns, and C. McConnell. 1979. The outdoor
recreation opportunity spectrum in wildland recreation planning:
development and application. In Proceedings of the Recreation
Planning Symposium, Volume 2. American society of Civil engineers,
NY. pp. 527-538.

Burrough, PA. 1986. Principles of Geographic Information Systems for Land
Resources Assessment. Oxford, Clarendon Press.

CLAMS homepage. (No date). [Online] Available:
http://www.fsl.orst.edu/cJams/projectf.htm [2000, February 8].

Clark, R.N. 1982. Promises and pitfalls of the ROS in resource management.
Australian Parks and Recreation, Victoria, Australia. pp. 9-13.

Clark, R.N., G.H. Stankey. 1979. The Recreation Opportunity Spectrum: A
Framework for Planning, Management, and Research. GeneraJ
Technical Report PNW-98 Portland, Oregon: U.S. Department of
Agriculture, Forest Service, Pacific Northwest Forest and Range
Experiment Station. 32 p.

62

Cole, D.N. 1989. Recreation ecology: What we know, what geographers can
contribute. Profesional Geographer 41(2): 143-148.



63

Confer, J.J., A.R. Graefe, and J.M. FaIf. 1992. A geographic information
systems approach to analysis of the spatial relationships between
recreational boating uses and perceived impacts. In proceedings ot the
1992 Northeastern Recreation Research Symposium, 103-110.
General Technical Report NE-i 76. Radnor, PA: USDA Forest Service,
Northeastern Forest Experiment Station.

Environmental Systems Research Institute, Inc. 1997. Arc Doc.
Environmental Systems Research Institute mc: Redlands, CA.

Environmental Systems Research Institute, Inc. 1992. ArcView 3.1.
Environmental Systems Research Institute mc: Redlands, CA.

Environmental Systems Research Institute, Inc. 1992. Arclnfo Version 7.2.1.
Environmental Systems Research Institute mc: Redlands, CA.

Gimblett, H.R. Approaches to Modeling Forest Recreation Opportunities.
(September 24, 1999). [Online] Available:
http:/lnexus.srnr. arizona. edulqimblettllec6 rec. html [2000, February
10].

Gimblett, H.R. Current Problems and Limitations with ROS Implementation.
(October 1, 1999) [Online] Available:
http://nexus.srnr. arizona. edu/qjmblett/leä7 rec. html [2000, February
10].

Grossman, W.D., and S. Eberhardt. 1993. Geographical information systems
and dynamic modelling - potentials of a new approach. In: Fischer,
M.M., and Nijkamp, P. (eds). Geographic Information Systems, Spatial
Modelling, and Policy Evaluation. Springer-Verlag, Berlin. pp. 168-1 80.

Harris, R.R., P. Hopkinson, S. McCaffrey, L. Huntsinger. 1997. Comparison
of a geographical information system versus manual techniques for
land cover analysis in a riparian restoration project. Journal of Soil and
Water Conservation. 11(2): 112-118.

Heit, M., A. Shortreicj, eds. 1991 GIS Applications in Natural Resources. GIS
World, Inc. Ft. Collins, CO.

Honea, R.B., K.A. Hake, R.C. Durfee. 1991. Incorporating GISs into decision
support systems: Where have we come from and where do we need to
go? In: Heit, M., A. Shortreid, (eds). GIS Applications in Natural
Resources. GIS World, Inc. Ft. Collins, CO. pp. 39-44.



64

Interior Columbia Basin Management Project. (August 25, 1995). [Online]
Available: http:Ilwvvw. icbemp. qov/spatial/metadata/politl567. txt [2000,
February 131.

Johnson, R.L., and V. Litz. 1995. Coastal Landscape Area Modeling Study
(CLAMS) Recreation Response Model. Forest Resources, OSU.

Kliskey, Andrew D. 1998. Linking the wilderness perception mapping concept
to the Recreation Opportunity Spectrum. Environmental Management,
vol 22(1): 79-88.

Levinsohn, A.G., S.J. Brown. GIS and sustainable development in natural
resource management. In: Heit, M., A. Shortreid, (eds). GIS
Applications in Natural Resources. GIS World, Inc. Ft. Collins, CO. pp.
17-22.

Maguire, D.J., Goodchild M.F., Rhind, DW (eds). 1991. Geographical
Information Sytems: principles and applications. Longman, London,
Volume 3.

Oregon Parks and Recreation Department (1998) [Online] Available:
http://slm-dbserve. prd. state.or. us/adv results2. phtml [2000, February
10].

Oregon Recreation Guide (no date available) [Online] Available:
http://www.cyberwest.com/oreqon.htmI [1999, November 11].

Resinger, 1W. GIS-based decision support systems: A forest industry
perspective. In: Heit, M., A. Shortreid, (eds). GIS Applications in
Natural Resources. GIS World, Inc. Ft. Collins, CO. pp. 223-228.

Robinette, A. 1991. Land Management Applications of GIS in the State of
Minnesota. In: Maguire D.J., Goodchild, M.F., Rhind, D.W. (eds)
Geographical Information Systems: Principles and Applications.
Longman, London, pp. 275-283, vol. 2.

Rochelle, J.A. 1994. Maintenance of late-successional ecosystem values in
the Pacific Northwest: Evolving methodologies to guide habitat
planning and policymaking. In: Sample, V.A. (ed) Remote Sensing and
GIS in Ecosystem Management. Washington D.C: Island Press: 43-47.

SAGE GIS for DOS (no date available) [Online] Available:
http://www.dIsr.com.au/software/saqe/#SAGEG IS [2000, February 10].



65

Siderelis, K.D. 1991. Land resource information systems. In: Maguire D.J.,
Goodchild, M.F., Rhind, D.W. (eds) Geographical Information Systems:
principles and applications. Longman, London, pp. 261 -273, vol. 2.

Stankey, G. and Perry Brown. 1981. A technique for recreation planning and
management in tomorroWs forests. In Proceedings, Division Six, XVII
IUFRO World Congress, Kyoto, Japan. Pp 93-73.

Thomas, J.W. 1994. Forest Ecosystem Management Assessment Team,
Objectives, Process and Options. Journal of Forestry. 94(4): 12-19.

Van Sickle, G.A., 1991. GIS A tool in forest pest management. In: Heit, M.,
A. Shortreid, (eds). GIS Applications in Natural Resources. GIS World,
Inc. Ft. Collins, CO. pp. 349-354.

Wall, K., P. Brown, A. Dennis Turowski, L. Finnegan, V. Litz, R. Johnson.
1997. A GIS Application of the Recreation Opporunity Spectrum on the
Coos Bay District of the Bureau of Land Management. General
Technical Report PNW-94-2597 Portland, Oregon: U.S. Department of
Agriculture, Forest Service, Pacific Northwest Forest and Range
Experiment Station. 38 pp.

Wing, M. 1998. Using a geographic information system (GIS) to monitor
recreation impacts in a forest setting. Ph.D. thesis, Oregon State
University.

Wing, M. and B. Shelby. 1999. Using GIS to Integrate Information on forest
recreation. Journal of Forestry. 97(1): 12-16.

World Health Organization. Weekly Epidemiolgical Record. (August 27,
1999). [Onhinel Available: http://www.who.intlwer [1999, September
19].




