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(ABSTRACT) 

Practicing science in a policy context demands careful attention. This research presents 

backcountry campsite conditions found in Shenandoah National Park during 1992. It fuels a policy 

process grounded in Limits-of-Acceptable-Change (LAC). This context provides an opportunity to 

critique natural resource science within an LAC process and to illustrate the applicability of techniques 

from disciplines as diverse as educational testing and policy sciences. The condition, location, and 

legality of 743 backcountry campsites are reported, as revealed during a census completed using methods 

from recreation ecology. 

To assess the consistency and precision of campsite surveyors, techniques from educational 

measurement are adopted, including generalizability theory and decision studies. For each indicator, 

these techniques reveal the consistency of raters, their ability to distinguish between unique campsites, 

and whether raters are systematic. These three components were found to vary considerably for different 

indicators, reflecting the appropriateness of each indicator for justifying management decisions. 

In addition to traditional description of survey results, campsite condition indicators of 220 

campsites with bare soil are reintegrated using cluster analysis. Seven distinct types of campsites with 

bare soil exist in the park. This approach should facilitate policy makers’ understanding of findings, and 

improve investigators’ comprehension of survey data. 

Recommendations include adopting a multiple strategy policy for managing backcountry 

campsites in Shenandoah National Park, continuing efforts to adapt generalizability theory to natural 

resource monitoring, and applying two phase research designs that combine the strengths of both census 

and survey in an efficient manner guided by generalizability theory.
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Introduction 

Backcountry recreation is leisure activity occurring in largely natural, undeveloped, and 

protected areas or wildlands (Hammitt and Cole 1987). Although recreation is often a central purpose 

for creating and managing such an area, recreational activities inevitably change it. Providing 

opportunities for backcountry recreation thus challenges those responsible for managing these 

environments, especially areas protected by governmental agencies like those in the United States 

where this responsibility usually stems from federal or state mandates aimed at protecting wildlands 

while simultaneously providing for appropriate activities. Such mandates guide the National Park 

Service, the United States Forest Service, the Bureau of Land Management, and other federal and state 

agencies. 

Recreation may endanger the goal of resource protection just as protecting resources may 

restrict opportunities for recreation. These apparently conflicting obligations present a dilemma. 

Backcountry recreation, characterized by uninhibited resource conditions and visitor autonomy, is 

frequently limited or regulated by managers in their attempts to protect resources. Such limitations, 

however, run counter to the desire of many backcountry visitors to escape the rule-oriented social 

environment of civilized areas, thus distorting the manager’s objective of autonomous recreation. 

To clarify the seemingly contradictory obligations of provision and protection, natural resource 

managers often establish policy-- guidelines for determining management decisions-- by turning to 

scientists for expertise and information necessary to make informed decisions about resource 

conditions. Managers, along with others, review this information before deciding whether a policy for 

the protected area should be established or revised. As a result, these scientists work in a policy- 

oriented environment superimposed upon the physical-based one they traditionally study. 

Research Objectives 

This paper explores the responsibilities of a natural resource scientist functioning within a 

policy environment. Recreation ecology, a subdiscipline of ecology, is oriented toward identifying how 

recreation alters natural resources. Recreation ecologists often provide the expertise sought by 

wildland managers when ‘establishing administrative policy. 
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The work presented here supports National Park Service staff efforts to manage backcountry 

campsites and backcountry campers in Shenandoah National Park, Virginia. Park staff members have 

adopted the Limits-of-Acceptable-Change (LAC) management and planning framework (Stankey and 

others 1985, Stankey and others 1986) to guide their policy process. Their efforts, which included 

participation of recreation ecologists, provide an occasion to critique wildland recreation management 

and recreation ecology during application of an LAC process. 

The research fulfills two specific objectives. First, it provides an assessment of backcountry 

campsite conditions found in Shenandoah National Park during the summers of 1992 and 1993. 

Second, it provides policy recommendations to Shenandoah National Park staff members. 

Beyond these specific objectives, the project offered a broader opportunity-- to explore the 

limitations of traditional wildland management theory and recreation ecology applications. Several 

emergent questions about contemporary efforts necessitated pursuit of this opportunity. First, what is 

the role of science in a policy process? Second, what effects might terminology employed by wildland 

management professionals have on such a process? Third, what effects might current research designs 

applied to assess conditions of backcountry campsites have on policy decisions? Fourth, how precise 

is the data collected with current research designs and what are the implications of this precision? 

And, finally, are there alternative research designs that might prove more cost-effective and more 

expedient, while producing more applicable data? 

Within the structure of an LAC process, a synthesis of published literature from many 

academic fields addresses these questions, followed by results from the assessment of Shenandoah 

National Park backcountry campsites. The closing recommended management actions for administering 

backcountry campsites, including proposed research designs for future assessments of backcountry 

campsite conditions, are pertinent to Shenandoah National Park managers, recreation ecologists, and 

other wildland management professionals. 
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Science in a Policy Process 

Scientists working in a policy-oriented environment shoulder heavy responsibilities. Society, 

because it expects informed decisions, demands increasing involvement from scientists in issues that 

are as much political as scientific. When providing information for making policy, scientists must 

present that information in a form relevant not only to the scientific community, but to the political 

world of administrative decisions. If they are to respond effectively, scientists must understand the 

broad context of the questions they are addressing. Accordingly, assessing and monitoring conditions 

of natural resources requires an understanding of the data and its implications, including how it may 

be applied and how others might respond to those applications. 

A subtle though perennial question facing scientists is whether they can substantially contribute 

to a policy process without risking overstepping the limits of data. Every application of the scientific 

process-- from formulating careful hypotheses to collecting data to analyzing it and presenting formal 

conclusions-- centers around some necessarily confined question. Application can address only an 

initial question with any scientific certainty. Those who make policy, however, are often interested 

in larger, more immediate problems than science is positioned to solve. Additionally, policy-makers 

are often willing to act on less-certain results than scientists. 

To suggest that scientists should become more involved in policy raises additional questions. 

Do scientists have any greater obligation to be involved in policy than managers have to support 

broader research and to incorporate those efforts when making decisions? And, on a more individual 

level, can scientists confront questions of policy without becoming overly involved in issues peripheral 

to their chosen career? 

Clearly, scientists practicing in a policy context must contend directly with commitments to 

both callings. They must remain cognizant of the boundaries of science and faithfully obligated to 

the advancement of their profession, while considerate of the policy-maker’s need for understandable 

information. Only then will scientists ensure appropriate application of their efforts. Decisions based 

upon poor science or misinterpretations of poorly presented science must be prevented, even for an 

issue as humble as backcountry recreation. 
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The Significance of Backcountry Campsites 

Policies for managing backcountry recreation are often based on campsite conditions (Parsons 

1986). Backcountry recreation may be distinguished from frontcountry recreation by the prominence 

of a natural environment, primarily undisturbed and remote. Such a setting is more important for 

backcountry activities, whereas for frontcountry activities the setting, though still meaningful, is 

superseded by the activity itself, the participants, or modifications to the location such as a ski slope 

or picnic tables. Although facilities and other forms of improvements by humans may exist in 

backcountry settings, these typically are limited in size and are intended to ensure resource protection 

or visitor safety. Backcountry facilities and improvements rarely are intended to provide visitors with 

amenities. 

Campsites and trails are two primary locations where wildland recreation occurs. At 

backcountry campsite locations, visitors stay overnight frequently enough that conditions exist different 

from those at similar locations where no camping has occurred. Backcountry trails, on the other hand, 

are routes, as opposed to locations, often facilitating travel between views, trailheads, summits, or 

overnight areas. 

Visitors respond to conditions of backcountry campsites differently than they respond to 

conditions of backcountry trails. Because campsites are specific locations, as opposed to linear 

corridors, visitors spend more concentrated time at a campsite. This greater concentration of time may 

explain, in part, why visitors’ perceptions of campsite conditions, as opposed to their perceptions of 

trail conditions, have been shown to affect their experience more significantly (Roggenbuck and others 

1993). Additionally, visitors may be more likely to perceive backcountry campsites as remote, a 

quality distinct from front-country campsites and vital to backcountry recreation. They may perceive 

backcountry trails, however, as only vaguely different from frontcountry trails, if the difference is even 

noticed. This sense of remoteness, a central quality of backcountry, and the sense of difference 

between frontcountry and backcountry campsites makes management of campsites important when one 

seeks to provide opportunities for recreation in protected areas. 

Managers of protected areas also respond differently to campsite conditions. The concentrated 

time and resulting visitor activity at campsites often alters the natural setting managers are attempting 

to protect. Additionally, managers recognize that most change at campsites accrues gradually over 

time, whereas most environmental change due to trails occurs during initial construction (Hammitt and 

Cole 1987). That the precipitating actions producing trails and campsites are different may partially 
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explain why responses to conditions are also different. Although proactive management of campsites 

is becoming more common, most efforts are reactions to existing concerns. Additionally, traditional 

trail management efforts emphasize construction, reconstruction, and maintenance, while campsite 

management efforts focus on regulating visitor activities. 

Recent trends notwithstanding, most backcountry campsites result from overnight recreation, 

not direct management action. For this reason, most characteristics of a backcountry campsite result 

originally from visitor behavior. Because visitors choose where and how they camp, these choices 

determine the location and condition of backcountry campsites. 

Exceptions to this generalization may occur when a managing agency either constructs 

campsites, designates existing sites as appropriate for camping, or operates a campsite maintenance 

program to mitigate the effects of visitor behavior. However, these efforts are not universal. Many 

examples of a manager-determined system of campsites began as reactions to existing problems with 

camping, often utilizing sites first determined by visitors. 

Management decisions and policies play a crucial role in establishing conditions of trails and 

campsites. For example, a decision may alter the aesthetics of a campsite by affecting whether a 

visitor perceives a policy to influence, intrude upon, or restrict his or her experience directly and 

overtly, or indirectly and transparently (Lucas 1990b). Decisions to improve sites, restrict access, or 

limit activities often produce different responses in individual visitors (Shindler and Shelby 1993). 

Some visitors may support an action against which others rebel. Likewise, an individual may object 

to conditions in an area protected for one purpose, though accepting similar conditions in an area with 

a different purpose. A backcountry recreation management policy, then, affects campsites by 

influencing either how visitors respond to it and other decisions or how visitors respond to campsite 

conditions. 

Managers must establish administrative policy in a manner sensitive to the special nature of 

backcountry campsites (Mitchell and others 1993). If visitors perceive management actions as 

inappropriately constraining or otherwise detracting from a backcountry experience, they may become 

dissatisfied and uncompliant, or simply choose to pursue their intended activity elsewhere (Frost and 

McCool 1988). These reactions are lost opportunities for otherwise acceptable activities. 

Managing Backcountry Recreation with Science 

The relationship between science, recreation, and wildland management policy has evolved 

over many years. Viewed simply, wildland protection required the public support promoted by 
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recreation, but recreation brought with it problems demanding the attention of science. This evolution 

continues today. 

A broadening sentiment toward the protection of wildland areas has existed in the United 

States since at least the middle of the nineteenth century, promoted by the art of John James Audubon 

and George Catlin, the writings of Washington Irving and Henry David Thoreau, and the foresight of 

Frederick Law Olmstead and John Muir, among many others (Nash 1982, Runte 1987). Additionally, 

an acceptance that state and federal governments may appropriately assume responsibility for managing 

wildland areas has grown since the establishment of Arkansas Hot Springs in 1832, Yosemite Preserve 

in 1864, Yellowstone National Park in 1872, and the Adirondack Forest Preserve in 1885. Enthusiasm 

for outdoor recreation inspired the 1876 founding of the Appalachian Mountain Club in New England 

and the 1892 founding of the Sierra Club in California. 

Efforts to responsibly protect wildlands expanded in the first few decades of the twentieth 

century, helped in part by new emphasis on both science and recreation. Aldo Leopold, drawing on 

his experience with the U.S. Forest Service, distilled personal experience, insight, and philosophy to 

help popularize the science of ecology (Leopold 1991). Outdoor recreation enthusiast Benton 

MacKaye, in 1921, began agitating for the first long distance trail exclusively dedicated to recreation, 

the Appalachian Trail (Nash 1982). During the 1920’s, voices promoting responsible protection of 

wildlands, sounding from both inside and outside the federal government (Leopold 1921), were 

gratified as discussions about wilderness preservation reached fruition. In 1926, the United States 

Forest Service established the Gila Wilderness Reservation. In 1929, it became official policy for the 

agency to consider protection of wildlands a central part of its multiple mission. 

Despite the long concern over wildland areas, the popularity of backcountry recreation has 

grown most in the last half century, especially since the late 1950’s and early 1960’s when the US. 

Congress vigorously debated wilderness designation before authorizing a National Wilderness 

Preservation System in 1964 (P.L. 88-577) (Lucas 1990c). Although in many ways the discussion was 

initiated by individuals and organizations outside government, extensive and often heated Congressional 

debate captured the American public’s attention, helping to popularize backcountry recreation and 

promote natural resource protection here and abroad (Nash 1982). 

Almost immediately, however, popularity led to problems. An explosion of enthusiasm for 

backpacking occurred in the early and middle 1970’s (Lucas 1990b), perhaps as the post-world-war 

Il generation responded to the Wilderness debate. Campers flocked to popular locations, bringing with 
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them urban habits. Along with their overwhelming numbers, the habits of campers led to a decline 

in real and perceived qualities of many areas. Most responses of managers were reactive. They 

typically sought to reduce the numbers of visitors in areas where problems were appearing, a response 

still common today. 

As problems grew, managers turned to scientists for help and the field of recreation ecology 

was born. The still-young scientific specialty, a subdiscipline of ecology, embodies study of ecological 

changes or processes attributable to recreation or recreation provision, as opposed to other human- 

caused changes or natural processes. Recreation ecologists study the effects recreational activities have 

on the natural environment, often by assessing conditions at a recreation site and comparing those 

conditions to ones found either off the site or before recreation affected it. Their work offers park 

managers insight into the dynamic relationship between wildland visitors and the visited environment. 

Because of such studies, managers now know that no matter where or to what degree wildland 

recreation occurs, it affects natural resources and ecological processes (Cole 1986b). 

Recreation ecologists commonly respond to natural resource issues by studying conditions and 

exploring possible causal relationships. The changing environment of recreation ecology, however, 

demands a broadened perspective, one that pursues social and managerial issues, as well as ecological 

ones, in an integrated manner. Although recreation ecology has been oriented toward management 

questions from its inception, some social and political aspects of these questions are rarely reflected. 

For example, although a recommended action may improve ecological conditions, it may risk harming 

social or political conditions. 

This presents a challenge that those in the field should embrace. Ecology is, after all, a 

science of integration dealing with large, complex systems facing problems as relevant to those outside 

the discipline as to those inside (Slobodkin 1985). 

The Kinship of Science and Policy 

Recreation ecologists often provide information to a policy process. Policy has been defined 

as an intent to remedy a perceived problem (Brewer and deLeon 1983), a standing decision (Wellman 

1987), the effective result of both formulators and implementors (Clark 1993, Pressman and Wildavsky 

1984), and as initiatives intended to produce some long-term change in society (Nakamura and 

Smallwood 1980). Lewin and Shakun (1976) suggest that policy is distinct from strategies and tactics. 

Policies are goals, strategies are the feasible methods for accomplishing those goals, and tactics are 

the operations implemented within the methods chosen to achieve the goals. Ideally, policy results 
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from a coherent process, not a set of unrelated tasks. Although policies pertaining to wildland 

resources at the park level may not produce broad changes in society, the techniques and perspectives 

of policy analysis still apply (Wellman 1987). 

Scientists do not always welcome their familial ties with policy-makers. The conventional 

wisdom of natural resource professionals is that policy comes from legislators and administrators, and 

has little to do with professionals and scientists (Clark 1992). Some scientists allow professional 

norms to dictate what their role should be in the policy process (Clark 1988). This perception, 

however, limits their capacity for critical insight. 

A broader perspective reveals that all wildland management participants are involved in a 

policy process: natural resource administrators, researchers, and the recreating public (Allen and Gould 

1986, Peterson and Harmon 1993, Shannon 1991). Individuals in these groups are likely to judge 

management decisions by whether their interests have been served (Johnson and Agee 1988). For 

example, administrators may be interested in following mandates, especially legal mandates. 

Alternatively, scientists may emphasize rational approaches to problems, the importance of a stable 

study area, or the need to examine the effectiveness of management actions. And members of the 

public may be concerned with the perceived fairness of a management decision. 

Recreation Ecology and Wildland Policy 

As ecologists have become involved with making wildland policy, wildland management has 

changed. Because of recreation ecologists, their academic forbearers, and their academic compatriots, 

administrative policies no longer aim wholly at reducing numbers of visitors and land management 

agencies recognize the need to manage protected environments at the ecosystem scale. These are 

relatively recent movements reflecting the influence science and management have on each other. 

Today, contributions of scientists are found throughout the policy documents of agencies 

responsible for managing wildlands. For example, the National Park Service now establishes policies 

to manage recreation so that physical changes to the environment are minimized (USDI 1988b, 1991). 

These policies, as well as policies of individual parks, are frequently founded on conclusions from 

recreation ecology, especially the realization that the number of visitors is less important when seeking 

to protect resources than how or where visitors pursue their activities. Recreation ecologists, then, 

have a responsibility to ensure that their authority and knowledge is correctly interpreted and 

appropriately applied, just as do other scientists who find themselves working in a policy environment 

(Waddell 1990). 
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In recent years, as scientists and managers sought to improve wildland management decisions, 

they took steps to make the decision process more comprehensive and comprehensible, and recreation 

ecologists helped. Efforts toward this end have produced management models, such as Carrying 

Capacity (Wagar 1964) and the Recreation Opportunity Spectrum (Driver and Brown 1978). More 

recent decision frameworks for planning and management include Limits of Acceptable Change 

(Stankey and others 1985), Visitor Impact Management (Graefe and others 1990), and Visitor 

Experience and Resource Protection (USDI 1993). 

Decision frameworks contribute much to the management of wildlands, in part because they 

delineate the need for interdisciplinary approaches to large, complex systems. They also emphasize 

the importance of understanding past and present resource conditions, an understanding commonly built 

upon information recreation ecologists might provide. However, these frameworks remain limited in 

their capacity to address the increasingly involved environment of natural resource management. These 

limitations have been attributed partly to the growing politicization of the management process (Hendee 

and Ewert 1993). 

The Dynamic Policy Context of Wildland Recreation 

Although visitation figures generally indicate that backpacking is not as popular today as it 

was during the 1970’s, those who manage parks and other areas where wildland recreation occurs 

continue to grapple with their responsibility to preserve the environment while providing for recreation. 

Current trends in fields as diverse as demographics, politics, and tourism suggest the issues faced by 

recreation ecologists and public land managers during the past several decades promise to become 

increasingly relevant. Today, many municipalities, states, and nations prepare to pursue nature-oriented 

tourism as a means to capitalize on natural resources within their borders while continuing to protect 

that wealth. Such tourism is poised to introduce wildland recreation to many areas of the world (Boo 

1990). More recreation in wildlands will greatly challenge land managers’ efforts toward preservation 

and protection of natural resources. 

Expanded tourism, however, is not the greatest challenge facing wildland management 

professionals in the U.S. Fewer visitors recreate in wildland and backcountry areas than did during 

the 1970’s. Yet the land has become more precious to more people (Shannon 1991). Critics offer 

several explanations for the increasing value of wildlands, including greater public involvement in 

making land management decisions (Shindler and others 1993), dramatic changes in land ownership 
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near wildlands (Shands 1991), and increased diversity of the recreational activities occurring in 

wildlands (Peterson and Harmon 1993). 

The increasing value of wildlands raises the stakes riding on management decisions; more 

public involvement multiplies the complexity of the decision process. One fundamental implication 

is that, if those individuals who comprise the involved, interested, or affected public are to accept 

wildland management decisions as appropriate, those decisions must address social and _ political 

concerns as well as ecological and biological knowledge (Clark 1992, Waddell 1990). Recreation 

ecologists must be prepared to participate in this changing environment and a broadened perspective 

is one means of preparation. 

Scientific Progress in a Policy Context 

In the future, unless they have responded to these changes, scientists in the wildland 

management profession may find their talents and skills bypassed by a decision process that now more 

than ever emphasizes socially-defined issues (Cortner and Shannon 1993; Sirmon, Shands, and Liggett 

1993). They, along with legislators and managers, must accept that science, reason, and quantification 

will not eliminate politics (Allen and Gould 1986, Feyerabend 1990). In fact, scientists who 

emphasize only the logic of their conclusions risk alienating an audience who readily perceives that 

a truly sufficient, convincing, and honest argument will acknowledge interests as well as reason 

(Waddell 1990). For scientists to continue contributing to wildland management, they must respond 

to the increasing complexity of their professional environment; they must move their profession 

forward to avoid the possibility of being bypassed. 

Scientific progress often occurs as a result of professional self-evaluation. Current self- 

reflective criticism by wildland management professionals, including recreation ecologists, suggests that 

a traditional, symptomatic approach often prevents members of the profession from grasping the 

possible effects of a recommended intervention (Cole 1993). These professionals recognize the 

necessity of anticipating the likely effects of a proposed management action. This requires a 

broadened understanding of the policy context with its blend of ecological, social, and managerial 

components. 

Implicitly, self-criticism by wildland professionals asks managers and researchers to consider 

altering their thinking about conventional roles. This should occur because a willingness to reconsider 

custom is often just as self-serving as it is altruistic. Natural resource professionals who consider only 

traditional notions about science and administration risk overemphasizing scientific and technical 
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aspects of their roles; this in turn can produce restricted thoughts, inadequate actions, or a resistance 

to critical insight and reflection (Clark 1988). If they are to avoid these pitfalls, natural resource 

professionals must think beyond the narrow bounds of tradition, reexamining both the profession and 

its social responsibilities. Scientists play a central role as those with the expertise to assess and 

describe resource conditions to other participants in the policy process; yet, it should be accepted that 

scientists, too, have an interest and a stake in the process-- they are stakeholders. 

Just as progressive managers recognize their dependence on researchers to provide scientific 

bases for policy decisions (Jantzen 1986), progressive researchers accept the greater responsibility and 

involvement that is part of this charter from managers (O’Conner and Flemer 1987). Scientists and 

managers alike must accept that quantification does not necessarily correct erroneous perceptions or 

guarantee dependable results, and that data and the terminology selected to present data not only 

describe events but are instruments for shaping policy (Brunner 1982). Potentially, this internal change 

in the thinking of wildland professionals might lead to new perceptions of roles, more widely 

accessible information, and a greater capacity for confronting complexity. 

The Example of Backcountry Camping 

An activity as simple as backcountry camping illustrates the changing environment of wildland 

management. A new policy for managing backcountry camping will affect many people: managers 

who must implement the policy, visitors who must abide by the policy, researchers whose study area 

will be changed, groups who view the policy according to their personal interests, park administrators 

faced with political pressure if individuals and interest groups find the policy to be distasteful. The 

list could continue. Each of these is a category of stakeholder. If stakeholders are not comfortable 

with a policy, then the policy will not function-- it will be neither implemented nor abided by 

(Pressman and Wildavsky 1984, Sewell and others 1989, Shannon 1991). 

As an example of wildland recreation ecology’s role in producing and implementing natural 

resource management strategies, this research assesses backcountry campsites from the perspective of 

recreation ecology. Primarily, this study provides an assessment of backcountry campsites in 

Shenandoah National Park. It describes the individual and aggregate conditions, typical locations, and 

similarities among campsites. As part of this effort, this study introduces to recreation ecology a 

method for assessing the consistency of surveyors, demonstrates it, and reviews the research design 

changes it implies. 
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Additionally, the study speaks to managerial questions such as how one might manage 

campsites and visitors to maximize the quality of the resource and the experience. In pursuit of these 

questions, this work contains a review of how similar information has been incorporated into past 

management decisions and how the results or recommendations of this or future studies might be 

incorporated into a policy process. Topics include the selection of both preferable indicators and 

appropriate standards of condition. 

The goal of this effort is to promote a broadening of recreation ecology’s role in natural 

resource management by reviewing how natural resource scientists might better communicate their 

findings to managers and the public. Toward this end, techniques applied in the field of policy 

sciences are borrowed (Brewer and deLeon 1983; Brunner 1982, 1987; Clark 1992, 1993). The 

premise for all this is that recreation ecologists, as representative natural resource scientists, ought to 

seek greater involvement in the policy process so as to ensure that knowledge about recreation ecology 

and natural resources is accurately represented and incorporated in a functional and appropriate manner 

into the process of making wildland management policy. 
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Terminology and Policy 

As the broadening sentiment for preserving wildlands led to a surge of popular enthusiasm 

for wildland recreation, state and federal agencies responsible for managing those areas faced new 

challenges. Existing management efforts proved lacking under increasing public eagerness for visiting 

the wilds. Where complete visitor freedom was once seen as benign, it became widely viewed as 

threatening the very purpose of preservation. Where management decisions were once accepted as 

belonging exclusively to the realm of administration, it became common for interested members of the 

public to dispute them, pushing their way into the decision process, forcing broader discourse, and at 

times either threatening or pursuing legal action. 

The agencies responded with science. Now decisions are commonly defended with study and 

data. Science, however, has exposed new questions regarding issues that reach beyond the 

administrative boundaries of preserved areas. Ecological systems guide contemporary scientific study, 

Just as social or political systems guide contemporary management decisions. Because the questions 

extend beyond administrative boundaries, so do the possible answers. But political reality tempers the 

decision process. Where scientific expertise was once inviolate, it is now seen as part of a far larger 

process. Although a scientist might recommend greater efforts toward protection, management 

decisions must commonly reflect the politics of provision. This is the policy context where today’s 

natural resource scientists work. 

The greatest challenge facing wildland recreation professionals is the increase in people outside 

the traditional management process who are intent on participating in the discussions, bringing with 

them their own perspectives, ideas, and language. For this reason, the working environment of natural 

resource scientists continues to become more complex. If they are to respond successfully, self- 

reflective scientists who find themselves working in such a dynamic policy environment must consider 

these new elements even as they continue to explore the old. If they are to participate in production 

of better decisions, they must promote better understanding. 

Terminology is perhaps the most crucial element in creating a broadened perspective because 

it is through language that policy is debated, established, and implemented. It is language that flavors 

the policy process, making it either inclusive and participative or biased, partisan, and factional. 

Terminology chosen by scientists affects how others come to understand their world. Whether giving 
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names to their discoveries or selecting terms to explain their conclusions, scientists make their 

perceptions tangible for others through terminology. 

The simple act of naming something is considered perhaps the most truly inventive act in 

English (Bolinger and Sears 1981). By selecting a name, a person invents a way to solidify an 

experience, much as the scientist solidifies a finding by giving it a name as a handle for others to 

grasp. Terms, though, often convey unspoken opinions by subtly inducing a comparison that a hearer 

can only insinuate. 

For example, two words objectively may appear to be synonyms, as with the terms problem 

and consideration . An insinuated comparison may exist, however, that effectively produces antonyms 

through a veiled appeal to some silent fact (Bolinger and Sears 1981). Although the terms problem 

and consideration both suggest that an issue exists, they silently convey divergent reactions by 

carrying antithetical latent messages. A problem, for example, demands a solution linearly related to 

the issue; a consideration, on the other hand, suggests options horizontally related to the issue. 

An insinuated comparison may go further by leading the listener to attach to an actor the same 

latent message associated with the results of an action. This may occur because of a naturally inferred 

association between a presumed cause and a supposed result, as when a resource condition is deemed 

problematic and a manager responds by restricting the suspected parties because they are problem- 

causers. When this occurs, the suspected party has been effectively stigmatized by terminology 

conveying a latent meaning. It is especially unfortunate when a stigma leads to a response that 

ignores subtle aspects of a more complex problem. Regulation of visitors, for example, is not the only 

response one should consider when addressing vexing resource conditions. Yet some terms may 

reinforce the tendency. 

Reflection on two words and associated phrases proves advantageous when placing an 

assessment of backcountry campsites into a policy context. The first word is impact ; the second 

word is use . Both of these words, despite their familiar places in the literature of wildland 

management and recreation ecology, risk biasing the policy process by placing campers and camping 

in a negative light, thereby making it more difficult to conceive of imaginative management actions. 

Impact 

Researchers and managers commonly refer to conditions resulting from recreation as an 

impact, or simply as impact . Common phrases include campsite impact and trail impact . Clearly, 
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though, visitors pursuing the activities of camping or hiking actually produced the resource condition: 

as they interacted with the biophysical setting and its peculiar characteristics. 

Several authors from both physical and social science disciplines suggest that impact is a 

neutral term conveying no value (Lucas 1979, Shindler and Shelby 1992). So common is it for 

authors to assume the term is neutral that textbooks and manuals discussing environmental change or 

environmental management often leave it undefined, as though the concept were intuitively understood 

(Bregman and Mackenthun 1992, USDI 1991). The implication is that the term impact refers to a 

condition that may be positive or negative depending on the referent, and, therefore, the term has no 

prescribed value. 

Others recognize, however, that wildland management professionals, among others, have 

attached a negative, almost cultural connotation to the term (Hammitt and Cole 1987). A culture of 

wildland management professionals exists because a consistent approach to problems is taught to each 

subsequent generation of scientists and managers. In part, this cultural definition may result from an 

emphasis on the protection portion, rather than the provision portion, of the profession’s dual 

mandates. Although future provision is dependent on current protection and, thus, this emphasis is 

understandable, the cultural definition of impact may produce unintended consequences. Within this 

culture the term carries a latent message with specific meaning that may not be fully comprehended 

by some participants in a broader policy dialogue, especially newer participants. 

The term impact is applied as though it has two sets of definitions-- a technical set and a 

socially defined set. For wildland management professionals, impact , technically, may mean a 

condition (generally damaged), a result (effect), or a process (change). Each of these three possible 

interpretations, however, is troublesome. The question is whether impact exists and can be measured. 

If an investigator is to measure an item, the item must exist physically (Babbie 1992). For example, 

when describing a condition or result, the term impact properly requires comparison between 

conditions that physically exist at two locations or two times (Duinker 1989). Investigators may 

measure conditions of various campsite elements, compare those conditions with elements of similar 

adjacent areas, and infer change, but direct measurement of impact is impossible. This is because 

impact does not exist physically, only the elements exist. Impact is a concept constructed from the 

comparison. Also, the term impact most often reflects conditions of a set of attributes, rather than 

one single element. Again, by this reason, measuring impact is impossible because it represents a 

set of related conditions, not a single measurable entity (Babbie 1992). Still, the term is common. 
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It may be argued that the term impact refers neutrally to change. When scientists employ 

the term, however, they typically mean something different than simply change because they know 

change is constant within ecosystems (Levin and others 1984). Within the context of natural resource 

management, impact commonly designates a change that is caused by the stress of an activity, such 

as recreation. It remains difficult, however, to accurately define when this stress exceeds that expected 

under normally dynamic conditions of ecosystems. Jmpact , then, is more a socially defined term than 

a scientifically defined one, even among ecologists (Levin and others 1984, Resh and others 1988). 

If the term refers to change, an additional problem appears. The sensitivity of an 

investigator’s survey method will determine whether change is recognized. For example, soil 

compaction is often considered an indication of change (Cole 1988, Marion 1984); however, a visual 

assessment of campsite condition may not recognize soil compaction that more technical measurement 

methods would clearly reveal. Even considering impact as change, then, has limitations related to 

decisions-- social decisions-- made by investigators and others involved in selecting survey methods. 

Impact , then, 1s socially defined. Because the term is socially defined, those who apply it 

must consider its social effects and connotations. Although connotations may be positive, it is the 

negative ones that should concern those in a policy process. Any negative connotations of the term, 

whether intentionally insinuated or not, risk subtly prejudicing interpretations of the results, an effect 

with policy implications. This amplifies the idea that the term has specific cultural meaning among 

wildland management professionals. Those in the wildland management profession should remain 

cognizant that other participants in policy decisions may not share the same cultural definitions and, 

therefore, they may not derive the same latent messages. 

Again, because of social definitions, the term impact may insinuate different meanings to 

different listeners. It may also convey the perception that those who are deemed responsible for 

impact , typically visitors, should be considered in a negative light, a latent message that effectively 

induces a stigma and potentially leads to either subtle or overt antagonism. This is a problem for 

wildland management professionals because recreation is a legitimate activity within most wildland 

areas. To stigmatize recreation with a broad brush-stroke is inappropriate at best, and 

counterproductive at worst. Consider that those who recreate could be those agitating for more 

funding to support scientific study and progressive management. Alienating potential participants 

works against these objectives by eroding opportunities for support and forcing more defensive agency 

postures. 
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Use 

Wildland management professionals commonly refer to general backcountry activities as use 

and to the generic visitor as a user . Unfortunately, such terms, within contemporary American 

popular culture, have an association with consumption, social parasitism, and the drug culture. While 

the terms are certainly intended to be generic and neutral, the negative undertone unnecessarily risks 

offending some of the newer participants in the policy process. It seems fair to assume that some of 

these new colleagues in the effort to manage wildlands would rather not be considered users , even 

in the specific context of wildland recreation. 

The term users suggests that visitors are simply consumers of the resource. This assumption 

ignores a recent and strong argument that, at a minimum, visitors are coproducers because they are 

partially responsible for producing their experience and for producing conditions of the resource itself 

(Hawkes and others 1992). For example, as recreation ecology shows, some portion of the resource 

condition is determined by visitor behavior, like when they leave little trace of their visit, or, 

alternatively, when they leave obvious signs of their passing. Similarly, as social science studies 

show, some portion of a visitor’s experience is produced by their own demeanor during a visit or by 

the presence or absence of others, as opposed to being wholly dependent on qualities of the resource. 

Another consideration is that the terms use and user seem quite vague at times, 

understandably so because they are applied in a general manner. While this general application is 

intended to focus attention on visitors, it may too easily connote an undue emphasis on their presence 

or numbers, rather than on their activities or behavior. Such a connotation is counterproductive toward 

the objective of promoting greater comprehension among those participating in a decision process. 

It is a recurring and incorrect belief that the general presence of visitors at particular numbers 

overwhelmingly contributes to backcountry conditions in areas where people gather. Because of 

recreation ecology studies, the wildland management profession now knows that the type and location 

of an activity, the design and maintenance of trails and campsites, and the behavior of individuals are 

more directly related to changes in campsite and trail conditions than visitor numbers. Unfortunately, 

the term use may promote the more outdated understanding. 

A General Resolution 

It seems apparent that tighter terminology may more precisely communicate the findings of 

recreation ecologists. In more general terms, tightening the language of wildland management likely 
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will promote among those outside the field a broader and more accurate understanding of the issues 

and lead to better decisions. 

If scientists are to work in a policy context, then they must recognize when their terminology 

has policy implications beyond the scientific context (Cortner and Shannon 1993). Wildland 

management professionals and, more specifically, recreation ecologists work in a policy environment. 

Their terminology has policy implications. These points are important because the selection of 

terminology must reflect the distinct roles of scientist and policy participant. Terminology selected 

to communicate findings and conclusions must avoid interjecting bias and overstepping the role of 

scientist. It must also avoid promoting incorrect understandings of the issues, as when the terms use 

and user threaten to connote an outdated emphasis on deriving appropriate numbers of visitors. 

Scientists must avoid insinuated comparisons or veiled solicitations toward fact, especially 

when the comparison extends from the results of an action to the actor. They and managers must 

recognize when a term likely carries a latent message that may bias a policy process. Terminology 

that turns visitors into impacters or users should be avoided. Viewing wildland management as a 

policy process, terminology that stigmatizes any participant in the dialogue is contrary to the most 

recent directions of the field, directions that are moving toward greater inclusion promoted by broader 

understanding. 

This is not to suggest that scientists should avoid statements with policy implications. The 

point here is quite the contrary. To produce better decisions will require greater understanding of the 

issues and the conditions faced by those participating in a policy process. Scientists work in a policy 

environment and they have a responsibility to recognize their role in policy decisions. They must 

select their terminology carefully because their work often serves as justification for management 

actions and, therefore, it must be accurately understood. Terms with policy implications, such as the 

term impact , might best be reserved for a clearly presented discussion of the study’s policy 

recommendations, instead of enmeshed with the presentation of data description, relational analysis, 

or study results. Furthermore, some terms, such as use and user, may be worth dropping from the 

vernacular entirely because they are vague, convey an inaccurate or outdated understanding of the 

issues, and risk stigmatizing or alienating members of an expanding audience. 

In this work, to avoid contributing to the semantic quandary, the term condition refers to the 

object of measurement, and the phrase changes in condition or the terms change or difference refer 

to the neutral aspects of what has been called impact. Wherever possible, a distinction will be made 
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between campsite condition and inferred changes in condition following the argument that only 

conditions, not impact, may be measured. Additionally, specific activities will be substituted for the 

generic term use , except when the term activity denotes collective pursuit or the term activities 

denotes plural pursuits. Specific terms will also substitute for the more vague and possibly tainted 

term user . For example, visitors recreate in the backcountry and some go camping while others may 

ride horses or bicycles. And, continuing, areas where these activities occur often have soil, vegetation, 

or social conditions that are different compared to other areas. Some of these conditions may be 

deemed unacceptable, especially in certain places, and policies may be established to mitigate the 

effects of an associated activity or modify the habits of those participating in the activity. 
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Approaches to Wildland Management 

Many current efforts to manage wildlands utilize management models and decision 

frameworks. These models and frameworks provide a structure to guide the policy process, making 

it more comprehensive, yet also more comprehensible. It was during the early years of the 1970’s 

that the first discussions were published that eventually led to the formulation of today’s more widely 

applied frameworks. The timing of these early discussions suggests that they were a response, in part, 

to the explosion of interest in wildland recreation attributed to the Congressional debates over 

wilderness protection. Wildland areas of the time became suddenly popular, but it was the managers 

and their methods that were being overrun. 

The most recent decision frameworks evolved from two separate concepts. The first is the 

idea that a natural area has an inherently limited physical capacity to support activities. This has been 

termed a carrying capacity. The phrase is borrowed from range managers who recognized that a 

limited number of cattle could be sustained on a given amount of land without degrading the resource 

(Wagar 1964). The second concept is that managers ought to consider a recreational opportunity 

spectrum extending between urban settings and wilderness settings (Driver and Brown 1978). 

Protection of ecological conditions is central to the first concept; provision of social and psychological 

benefits is central to the second. 

Carrying Capacity 

Wagar (1964) defined recreation carrying capacity as "the level of recreational use an area can 

withstand while providing a sustained quality of recreation." When Wagar explained the carrying 

capacity idea, he stressed that a management objective was implicit to any definition of a carrying 

capacity. By this measure, carrying capacity is a subjective process. He never considered his concept 

to reflect a predetermined resource quality or an absolute value inherent to a particular environment 

(Lime 1976). According to Wagar, managers have a responsibility to define objectives, and it is their 

selection of objectives that defines a carrying capacity for an area. Wagar never implied that there 

was a Single capacity predetermined by nature. 

Following Wagar’s (1964) monograph, wildland management professionals have pursued two 

different directions. Some have believed that experts ought to establish management policies 
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technocratically or bureaucratically based on derived carrying capacities. Others recognized that 

carrying capacity is a subjective determination and requires involvement of as many constituencies as 

realistically possible. 

A great weakness of the carrying capacity concept is that its terminology easily misleads those 

who are unfamiliar with the process. Stankey and others (1990) suggest that, for some, the phrase 

"carrying capacity" connotes a preordained figure that might be deduced by scientific research or 

agency experts. Those familiar with Wagar’s (1964) carrying capacity concept, however, recognize 

that it is a process of judgement and decision, not a figure that can be deduced if given enough study. 

Unfortunately, as Stankey and others (1990) point out, many nonprofessionals and managers confuse 

carrying capacity with an empirical approach, even though archetypical carrying capacity is, at its core, 

a social and political process. 

Even if the model were more accurately understood, though, carrying capacity has another 

flaw. The idea strongly suggests that limiting visitor numbers will resolve any recreation resource 

issue. For example, if managers seek to address specific problems at campsites, they only have to set 

a particular capacity and establish regulations to enforce it. On the other hand, if they decide to 

address some other set of concerns, managers also might establish another capacity and another set 

of regulations. As discussed earlier, the term use , within the vernacular of recreation ecology and 

wildland management, conveys a similar emphasis on visitor numbers and may be inescapably 

associated with an erroneous understanding of carrying capacity. 

A capacity-oriented approach implicitly assumes all visitors act in the same general manner 

on an otherwise static environment. This assumption is inaccurate. Natural environments are quite 

dynamic. Likewise, visitors are often very different from each other. Unfortunately, a carrying 

capacity approach easily misleads those who are unfamiliar with it and unduly perceive an emphasis 

on numbers of visitors instead of on their behavior or activities. Furthermore, managers often are 

inclined to select a restrictive approach to limit visitor numbers, perhaps by establishing regulations 

to govern visitor conduct. Such a response detracts from opportunities for autonomous recreation, a 

key justification for protecting wildlands. 

Recreation Opportunity Spectrum 

Wagar’s (1964) monograph obligated investigators and managers to consider the psychological 

carrying capacity of an area, as well as the physical. Following this argument, Driver and Brown 

(1978) conceived the recreational opportunity spectrum (ROS) as a method for managers to inventory 
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and classify land according to its potential psychological benefits to visitors. From such an inventory, 

the authors believe, managers can more easily decide an activity’s appropriateness for a given area. 

Driver and Brown envision a spectrum of landscapes ranging from those that are domesticated to those 

that are wild. Along this spectrum are beneficial opportunities for visitors to experience distinct 

physical settings, social interactions, or managerial practices. 

A significant contribution of the ROS concept is that managers were freed from the burden 

of answering all possible activity demands within a single area. Once an area is inventoried, 

opportunities determined to exist in its physical, social, and managerial settings guide a manager’s 

decisions toward applicable options and away from incompatible ones. 

Another contribution is that the ROS model suggests to wildland management professionals 

that they should group similar regions according to recreation opportunities. These groupings were 

termed opportunity classes. Opportunity classes might be a portion within a larger park or forest, as 

when a park or forest contains a range of locations from a frequently visited picnic ground to a federal 

Wilderness. At a more broad level, an area also might be a component within a regional network, 

with each component managed for distinct purposes, perhaps as is formed by the informal network 

of city parks, state parks, National Forests, and National Parks. All areas within a common 

opportunity class, then, might be administered in a similar manner or for similar purposes. 

During a strict application of the ROS model, managers rank an area’s available psychological 

opportunities as appropriate for its opportunity class. Accordingly, a manager’s task is to decide when 

an activity is consistent with the opportunities managers intend for visitors to a particular area (Clark 

and Stankey 1979). There are, however, issues associated with such a supposition. 

Misapplication of the ROS concept has been as common as with the carrying capacity concept. 

Not long after Driver and Brown’s (1978) work, managers and researchers began to calculate the 

capacity of an area to provide the desired psychological outcomes (USDA 1986). Managers and 

planners went so far as to derive coefficients-of-capacity for areas within an opportunity class. Again, 

managers and planners assumed one model could apply to all recreation areas regardless of the specific 

context. They seemed to believe that, since bureaucrats or scientists could divine the activities 

appropriate for each individual area with technical and bureaucratic decisions, their answer would be 

acceptable. This belief allows no room for other participants. 

Strict application of the ROS concept as a decision framework recast it as an expert system 

oriented toward the psychological aspects of recreation, much like the carrying capacity concept 
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became oriented toward the physical. Moreover, ROS continues to promote several misconceptions 

that likely originated from poor comprehension of the carrying capacity concept. 

First, ROS implies to some that visitors to superficially analogous settings generally act quite 

similarly and have comparable psychological needs, even when those settings might be as different 

as Everglades National Park Wilderness in Florida and the Bob Marshall Wilderness Complex in 

Montana. This misunderstanding may be seen in the attempts to derive coefficients-of-capacity by 

applying a common mathematical model. 

Secondly, some have interpreted ROS as suggesting that the experience managers intend to 

provide is directly related to the numbers of visitors. Accordingly, managers would simply have to 

modify that number to achieve a desired modification in the intended experience and its associated 

benefits, often by establishing a new set of regulations. Both of these misconceptions of ROS-- that 

indistinguishable visitors go to homogeneous locations and that a focus on visitor numbers and 

regulations will solve problems-- led to further consideration. 

Limits of Acceptable Change 

In response to the complex issues raised by the models of carrying capacity and the recreation 

opportunity spectrum, Scientists and managers devised the limits of acceptable change (LAC) decision 

framework. Frissell and Stankey (1972) and Clark and Stankey (1979) believed others would benefit 

from guidance through these issues, and that a framework would provide the means to define and 

negotiate the process of deciding when an activity or its effects are unacceptable (Figure 1). Frissell 

and Stankey (1972) first suggested that a decision framework for wildland managers should be built 

around the process of distinguishing between acceptable and unacceptable change. They believed that 

the ecological and psychological concerns of managers, researchers, and visitors were interrelated. The 

U.S. Forest Service published their product in 1985 as LAC (Stankey and others 1985). 

LAC is distinct from carrying capacity and ROS because it incorporates the social and 

political nature of the decision process, yet remains focused on providing for human activities and 

protecting both the resource’s physical conditions and the visitor’s psychological opportunities. The 

authors designed their framework around an ideally open and continuous process of clarifying the 

objectives for a protected area, selecting applicable ecological and social indicators, establishing 

standards for acceptable conditions, monitoring indicator conditions over time, and responding with 

appropriate management actions where standards are violated. 
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Figure 1. A contemporary wildland management planning and decision framework based on LAC. 

Adapted from Marion and others (1985). 

Approaches to wildland management Peter B. Williams 24



This emphasis on assessing and monitoring the condition of ecological and social indicators 

contrasts with the previous orientation toward deriving a correct number of visitors. Additionally, the 

LAC framework acknowledges that visitors’ psychological desires and sensitivities are inherently 

variable. It also recognizes that physical settings have unique capacities for visitors to realize their 

interests without unduly changing the environment. Rather than leaning toward either provision of 

opportunities, as with ROS, or protection of resources, as with carrying capacity, the LAC framework 

offers a means to address in tandem the twin mandates of wildland management. 

Unlike their predecessors, the authors of LAC acknowledge the need to apply the framework 

separately at each protected area. Where bureaucratic and technocratic tendencies had once separated 

them, policy and place are now reintegrated. No emphasis on establishing regional or agency 

standards is intended or implied by the framework (Krumpe and Stokes 1994). LAC also stresses the 

importance of educating visitors, maintaining resources, and managing resources, instead of relying 

upon more regulatory approaches for addressing issues. While limiting visitor numbers remains an 

option within LAC, it is no longer the primary objective. 

LAC also accentuates the role of science within wildland management decisions (Krumpe and 

Stokes 1994). Without scientific data, the policy process becomes much more contentious as interested 

parties can offer only their personal opinions. Additionally, without high-quality scientific data, it 

becomes nearly impossible to determine when a change is real, as opposed to when the reported 

change is merely an artifact of measurement techniques. With such data, however, participants in a 

decision process become more informed and more inclined to temper earlier, more subjective 

impressions (Manring 1993). 

Perhaps most importantly, the LAC framework implicitly extends the decision process to 

include non-professionals, an element absent from carrying capacity and ROS discussions. While the 

framework is a technical nine-step process (Krumpe and Stokes 1994) that does not explicitly describe 

a method for incorporating external opinions (Stankey and others 1985), it does refer to the need for 

public input, presupposing an expansion of the process. Although the original report does not describe 

how planners or managers might accomplish this, the first application of LAC planning, in the Bob 

Marshall Wilderness Complex of Montana, gave public input a form by coupling transactive planning 

with the original LAC model (McCool and others 1986). During a contemporary and prototypical 

application of the LAC framework-- an application cognizant of the coupling between transactive 

planning and LAC-- stakeholders who are not managers or scientists will be included in the policy 
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process. Ideally, these stakeholders will be invited to participate in all decisions, including the 

selection of indicators and the establishment of standards. 

Although some may argue that managers and scientists are more qualified to make these 

decisions because of their professional training, one benefit of expanding the participation of other 

stakeholders is to increase the acceptability of the decisions, thus promoting a cooperative relationship 

rather than an adversarial one (Krumpe and Stokes 1994, Zimmerman and Rappaport 1988, 

Zimmerman 1989). Beyond political expediency, however, is the very real benefit that comes from 

having more people available to generate ideas (Cortner and Shannon 1993, Manring 1993). Because 

of their relatively similar training, planners, managers, and scientists often share perspectives, just as 

they share a common professional culture. Accordingly, their ideas may not extend to options that 

others might suggest intuitively. Additionally, opportunities for compromise often become more 

acceptable when they are suggested by those who are at odds (Bosso 1988, Heuer and Penrod 1986) 

while they are learning about their common situation (Stern 1991). 

A Critique of Other Recent Contributions 

The advent of LAC led to several similar models. During the same period that Stankey and 

others were producing LAC for the Forest Service, the National Parks and Conservation Association 

contracted with Graefe and others to produce a similar system. Their system is known as the Visitor 

Impact Management planning process (VIM) (Graefe and others 1990, Kuss and others 1986b). 

VIM is much less of an open planning system than LAC. In their text, the authors of the 

VIM system offer no reference to public participation other than an almost parenthetical aside 

suggesting that social science research can provide a legitimate avenue for visitor input (Graefe and 

others 1990). VIM clearly embodies a technocratic approach to making policy decisions. LAC, on 

the other hand, is intended to be more open. 

The National Park Service was apparently unsatisfied with an externally produced framework 

for it went on to make its own version of LAC, termed the Visitor and Environmental Resource 

Protection (VERP) framework (USDI 1993). VERP is heavily dependent on the language of carrying 

capacity. Although supporting literature of this framework clarifies the phrase’s original emphasis on 

establishing management objectives and introduces consideration of appropriate conditions, as opposed 

to maximum sustainable numbers of visitors, the phrase remains likely to lead to confusion associated 

with the original carrying capacity model. The document suggests that a carrying capacity analysis 

need not necessarily define visitor numbers, but the phrase perhaps too easily connotes a numerically- 
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oriented approach. It seems likely this latent message is more than any amount of clarification can 

overcome. 

Whether any LAC-oriented planning effort is an effectively open process, depends upon how 

managers adopt it. By this measure, LAC is an incomplete planning framework because managers can 

easily overlook or ignore the coupling between LAC and transactive planning. This may happen 

because transactive planning requires much time, training, and skills if it is to be effective (Krumpe 

and Stokes 1994). Without transactive planning or some comparable avenue to facilitate public 

participation, however, managers risk converting LAC back to a technocratic, bureaucratic, or even 

capricious system of planning. This risk has been widely recognized (Ashor and others 1986, Stankey 

and others 1990). This risk is also apparent, and perhaps more probable, in the literature documenting 

both the VIM and VERP versions. 
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Application and Critique of LAC 

Within the literature of wildland management, no example exists of a critical application of 

LAC. Although the framework has been the subject of insightful discussion within this literature, no 

material documenting an application of the framework contains an appraisal of possible shortcomings. 

Much of the following material examines each step of an LAC process. It explores issues revealed 

during a review of relevant literature and during a backcountry campsite assessment conducted as part 

of an LAC process at Shenandoah National Park. 

Establishing Management Objectives 

The first step when applying an LAC framework is to define broad objectives. These initial 

policy decisions are often dependent on the social and political location of the protected area. As an 

example, consider that a certain density of campsites may be less problematic in a National Recreation 

Area managed by the Army Corps of Engineers than the same number in a federally designated 

Wilderness managed by the U.S. Forest Service. For this reason, recreation ecologists must understand 

the management environment in which they work. 

Those participating in an LAC policy process may establish management objectives by one 

of several means. These options should be regarded as neither independent nor hierarchical. Several 

or even all of the possible sources should be considered. One source of guidance exists within 

applicable legislative mandates such as the Wilderness Act or an agency organic act. Another source 

is relevant agency policies, or, more specifically, policies established for the individual protected area. 

Participants should also consider the opportunities available for various recreation activities, any unique 

qualities of the area that might be protected, the role of non-recreational activities in an area, and the 

availability and purposes filled by other local protected areas. Perhaps most importantly, they must 

consider the opinions of visitors, local residents, and cooperating organizations. 

Management_by Objectives 

The LAC framework is founded on the business management model of Management By 

Objectives (MBO), a rational planning model intended to promote organizational efficiency and 

productivity (Wellman and Belcher 1989). In contrast, LAC is intended to promote external, as well 

as internal, conditions (Stankey and others 1985). LAC’s orientation toward establishing management 
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objectives can be problematic. MBO has been criticized for promoting an emphasis on objectives, not 

actions (Rainey 1991). This criticism may extend to LAC. In the vernacular of LAC, objectives may 

range from management goals for the entire protected area to specific standards for an indicator. 

Writing meaningful management objectives is not easy. Participants in an LAC process must 

avoid sweepingly vague statements that are difficult to translate into actions or that make it impossible 

to assess progress (Bowditch and Buono 1990, Rainey 1991). For an LAC process to be effective, 

possible actions must be considered simultaneously with efforts to establish objectives, otherwise an 

objective may be unrealistic or irrelevant. A standard for an acceptable number of damaged trees, for 

example, may be irrelevant if set for individual campsites because managers are unable to act at the 

individual site. Actions in this case are typically restricted to either regulatory bans on axes or saws, 

or a widespread educational campaign to teach visitors not to damage trees. Accordingly, standards 

must be set at the scale where action is possible, perhaps, in this case, at the opportunity class level 

or at the level of the entire protected area. 

Additionally, MBO applications in the private business world are often based on budget 

categories such as profit or production. In a public agency, however, the budget is often outside the 

control of the agency or local unit (Rainey 1991). Also, it is difficult to find an analogous category 

for either profit or production when profit is not the agency’s objective and a product may be as 

intangible as recreation opportunities, environmental character, or aesthetics. 

MBO, then, does not extend gracefully to LAC because the environments are so different. 

MBO was intended to address a rational world that today has scarce disciples even among business 

managers (Bowditch and Buono 1990). In the increasingly politicized environment of natural resource 

management, reason alone will not address the issues. 

Legislative Mandates 

Current legislation and agency documents provide guidance for establishing management 

objectives for an LAC process (Marion 1991a). In the Park Service, backcountry management policies 

are often guided by documents external and internal to the park (Mantell and Metzger 1990). 

The primary legislative mandate for the National Park Service is found in the Organic Act 

that established the agency in 1916 (16 United States Code 1). The agency’s Organic Act directs it 

to promote recreation in National Parks, Monuments, and Reservations while conforming to the 

fundamental purpose of preserving the character and contents of the area for future generations. 
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This language presents the agency with a dilemma. Congress intended park visitation to be 

contingent upon the National Park Service’s ability to preserve park environments in an unimpaired 

condition; yet, recreational activities inevitably change resources, even with infrequent recreation by 

conscientious visitors (Wagar 1964; Cole 1982, 1985; Marion 1984). Balancing the competing ideals 

of recreation provision and resource protection is challenging. 

In Shenandoah National Park, as for many protected areas in the United States, applicable 

external documents include the Wilderness Act of 1964 (P.L. 88-577) and the National Trail System 

Act of 1968 (P.L. 90-543). These acts overlay park designation. These overlay statutes are intended 

by Congress to protect certain areas of the park singled out for exceptional ecological or social value. 

For example, when Congress signed the National Trail System Act, they established a national system 

of scenic, and later historical, trails. The Appalachian Trail, which runs through Shenandoah, was one 

of the first two trails to receive protection under the Act. 

Aside from an agency’s establishing legislation, the Wilderness Act is perhaps most relevant 

to wildland management. With the Act, Congress delineated its conception of the special qualities of 

wildlands that provoke sentiment, attract recreation, and, therefore, should guide protection. The 

language of the Wilderness Act, though, creates the same provision and preservation dilemma as the 

National Park Service Organic Act. Accordingly, the general ideas of the Wilderness Act may serve 

as a guide for those in the agency who face the challenge of selecting actions to administer its 

holdings. 

Congress’s premier objective for the Wilderness Act is to preserve the character of selected 

natural areas for current and future generations (Stankey 1990). These areas are to be managed so 

that natural dynamics are primarily unhampered by human activities. Appropriate activities, however, 

include primitive, unconfined recreation and necessary management actions. According to the Act, 

management actions should promote wilderness character, with primary consideration given to 

administrative actions that are the minimum necessary to accomplish this end. 

The language of the Act may frustrate some, perhaps because the idea of actively managing 

an area to promote natural characteristics is so seemingly paradoxical. Not surprisingly, Wilderness 

management decisions are often debated because of the many possible interpretations of the Act’s 

contents, especially when applied to a particular situation. For example, a common question is 

whether mechanical tools are appropriate for Wilderness management efforts. The Act specifically 

allows agencies and local areas to use mechanized tools in Wilderness provided that the promotion 
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or restoration of Wilderness character is the primary concern and the proposed action is determined 

to be the minimum necessary to accomplish that goal (Stankey 1990). 

The same argument would guide any decision regarding the appropriateness of a management 

action for a Wilderness or many other protected areas. When faced with the dilemma of balancing 

preservation and provision, a decision should be governed by concern for natural character. As with 

the example of mechanized tools in Wilderness, the minimum tool necessary is appropriate. 

The National Environmental Protection Act (NEPA) (P.L. 91-190) also applies widely to 

backcountry management. Signed by President Nixon in 1969, it requires Environmental Assessments 

(EA’s) and Environmental Impact Statements (EJS’s) before a significant natural resource management 

action (Hoogland 1990). A significant action is defined as one that includes the adoption of rules, 

regulations, or changes in policy (Bergman and Mackentham 1992). Such a definition would 

encompass new or modified backcountry management policies. While few efforts to manage 

backcountry campsites have incorporated either an EA or EIS, the broad definition of actions that 

require one or the other suggests that future campsite management actions, especially those in 

contentious political situations, ought to abide by the intent of NEPA. 

One central aspect of NEPA is the opportunity afforded for public comment. When 

backcountry managers follow the established procedures of NEPA, they are provided a way of 

incorporating public responses to management proposals (Hoogland 1990). Though many options for 

managing backcountry campsites would not trigger the NEPA process because these options would 

not be considered major federal actions, the NEPA process of public review influences the policy 

context of managing backcountry campsites by establishing a structure for and a disposition toward 

public involvement. 

Unfortunately, this structure may at times works against cooperative behavior by promoting 

an adversarial review process (Drtina and Lundstedt 1982). Public comments are often solicited only 

after an agency has wed itself to its preferred set of policies and recommended actions. The public, 

then, is left only with the option to criticize, often with insufficient substance in the agency proposal 

to produce external appreciation for the depth of consideration an agency devoted to the issues. Public 

participation should not be limited solely to forms of public review, even if professional norms tend 

to promote that particular, and often counterproductive, form (Clark 1988). 
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Agency Mandates 

Authority to implement congressional legislation is delegated to agencies, who identify and 

interpret all relevant laws and formulate management policies to guide implementation. For the 

National Park Service, these policies are set forth in Management Policies, revised in 1988. This 

document provides direction for management decisions, and adherence to the policies within it is 

"mandatory unless waived or modified by an appropriate authority." 

In the National Park Service, wildland recreation occurs in backcountry areas and Wildemess 

areas. Management Policies (USDI 1988b) defines backcountry as "primitive, undeveloped portions 

of parks ... not a specific management zone." Four primary management zones may exist in a 

National Park: natural, cultural, development, and special use (USDI 1988b). Management actions 

in natural zones are oriented toward conservation of natural resources and ecological processes. 

Management of cultural zones emphasizes "cultural resources and their settings" while providing for 

appropriate recreation. Park development zones contain facilities required for park management and 

visitors. And, special use zones enclose areas where an existing activity is incompatible with other 

zones as with agricultural fields, mineral extraction operations, or water reservoirs. 

Backcountry may exist in any zone other than the development zone, and is primarily 

managed "for natural resources and processes" (Marion and others 1993). Wilderness, on the other 

hand, is only found in the natural zone. Wilderness is always backcountry; backcountry, however, 

may not be Wilderness. 

Management Objectives Unique to a Local Area 

The management objectives established during an LAC process will depend on the local area. 

Review of legislation establishing the protected area will reveal the purposes for those wildlands. 

Congress authorized Shenandoah National Park, for example, in 1926 and established it on December 

26, 1935. Authorizing legislation emphasized that the park would be managed "...for the benefit and 

enjoyment of the people..." (May 22, 1926, 44 Stat. 616) under the mandates of the National Park 

Service Organic Act of 1916. As such, park staff are directed to emphasize protection of resource 

and preservation of all "wonderful objects within said park..." (Aug. 19, 1937, 50 Stat. 700). 

National Park Service units compile local management objectives within a General 

Management Plan (GMP). The GMP for Shenandoah National Park defines a number of management 

zones and provides guidance regarding appropriate types and intensities of recreational activities and 

permitted developments. Backcountry in the park is predominantly classified as a Natural Zone with 
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three Subzones (Outstanding Natural Feature Subzone, Wilderness Subzone, and Environmental 

Protection Subzone). The GMP also calls for the application of carrying capacity oriented approaches 

when making decisions that require balancing visitor autonomy with the protection of visitor 

experiences and resource conditions. Specific allowance is made for temporary closures (1 to 3 

growing seasons) to promote revegetation of degraded areas. Emphasis is also given to interpretive 

efforts and promotion of visitor dispersal. This emphasis is intended to mitigate and reduce 

unacceptable effects of visitor activities. In particular, dispersal of visitors from popular areas to 

similar but less frequently visited areas is to be the primary means of regulating capacity. 

More specific management objectives are found within the Resource Management Plan (RMP) 

of National Park Service units. For Shenandoah, objectives include protection of natural resources, 

ecosystem processes, and cultural resources, and avoidance of significant adverse changes to any Park 

resource. 

Units with appreciable wildland areas often establish a Backcountry Management Plan (BMP) 

as a separate component of the RMP. Such a document is currently under revision in Shenandoah 

National Park and is modeled on the LAC framework. Its final form likely will include directives to 

provide opportunities for a variety of resource-dependent backcountry visitor experiences, to protect 

the integrity of natural ecological processes, to confine effects of human activities in the backcountry 

to "acceptable" levels as determined by both social and ecological considerations, and to keep 

designated wilderness areas within the spirit and intent of wilderness legislation. 

Incorporating External Opinions 

The LAC framework presupposes an expansion of the decision process to include individuals 

outside of traditional wildland management efforts. Past decisions were often made exclusively by 

administrators, though they commonly solicited guidance from scientists. LAC, however, implicitly 

recognizes that, because wildland management is oriented toward providing recreation, decisions may 

be more widely acceptable if the desires and interests of visitors or their surrogates are included. 

More importantly, greater effectiveness of management actions may be realized if more support exists 

because more people will recognize and accept the intent. Accordingly, the decision process must 

allow others to participate in all phases. While this research attempted no effort to identify or 

incorporate external opinions, a brief review of several options for facilitating participative management 

efforts is necessary to explore the role of natural resource scientists in an LAC process and to 

understand possible future forms of that role. 
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In the U.S., natural resource management agencies have historically allowed only limited 

public involvement in recreation administration. These agencies have preferred that the public role 

be one of review and consent, rather than actual participation. Authors have suggested that this is 

because agencies may be too tied to specific constituencies (Twight and Lyden 1988), that 

organizational cultures are not receptive (Gale and Miller 1985, Sample 1990, Shannon 1991, Clark 

1988), or that some conclusions of well-intended social scientists have reinforced the management 

tendency by leaving the impression among managers that normative research can relieve the pressure 

or need for public involvement (Owens 1985, Roggenbuck and others 1991, Shelby and Vaske 1991). 

While numerous authors observe and critique the current limited role of the public (Gale and 

Miller 1985, Shands 1991, Shannon 1991, Tipple and Wellman 1988, Twight and Lyden 1988), little 

social science research focuses on the possible influence of management style. The recreational 

opportunity spectrum (ROS) suggests that there are three components of the resource setting: the 

managerial setting, the social setting, and the physical setting. The managerial setting, as with the 

physical and social, is a major ingredient of the overall environment in which a recreation experience 

occurs (Gale and Miller 1985; Jackson 1987; Sample 1990; Shelby, Whittaker, and Danley 1989; 

Tipple and Wellman 1988). 

The managerial setting, however, should be considered fertile research ground. It may allow 

or restrict visitors’ activities, regulate visitors’ actions during those activities, and generally influence 

the psychological and physical environment. For these reasons, the managerial environment may be 

seen to influence the behavior of visitors, thereby influencing the effect of visitors on the physical 

environment. Natural resource scientists should understand the managerial setting, as well, because 

the information they provide can influence whether participants in that setting perceive a conflict 

(Manring 1993). If one is concerned with visitor behavior and environmental degradation, the 

influence of the managerial setting becomes a topic to pursue. 

Decisions made in the managerial setting affect the social setting. For example, agreement 

among groups about standards of action is important if they are to accept a proposed action as 

legitimate, resolve an existing conflict, or avoid a future conflict. One way to promote agreement 

among groups is to serve as a third-party to facilitate a dialogue among the groups. However, the 

procedural format selected for promoting the dialogue will influence the acceptability of the agreement 

(Heuer and Penrod 1986). This suggests that a manager’s method for fostering agreement among 

conflicting parties influences the acceptability of the agreement to those parties. Most importantly, 
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the method determines the intensity of any sequential conflict that may occur if a party is unsatisfied 

with the decision. 

Resolving conflict 

Heuer and Penrod (1986) outline five procedures for third-party involvement in conflict 

resolution (Figure 2.). The authors studied the effect of conflict intensity on a disputant’s preferences 

towards resolution procedures. Three levels of conflict were investigated: (1) non-negotiable conflict 

where the winner-takes-all, (2) negotiable conflict where concessions may be exchanged to reach a 

compromise, and (3) integrative conflict where both parties may be satisfied. The authors found 

disputants prefer mediation when a compromise is possible and bargaining when an integrative solution 

is possible. 

McGillicudy and others (1987) also review types of third-party intervention. The authors 

compare the effect of intervention format on mediator and disputant behavior. Each intervention 

format offers an alternative resolution. The first format, straight mediation, leads to no resolution if 

no agreement is reached among the disputants, implying a continuation of conflict. The second 

format, with a mediator prepared to serve as an arbitrator if no agreement is reached, was found to 

produce more concessions with less hostile behavior and greater acceptability of agreement. The third 

format, with an outside arbitrator prepared to resolve the conflict if the mediator is unable to broker 

an agreement, was found to be less preferred to the second format by both mediator and disputants. 

The authors suggest that the lack of preference for the third format may be an effect of the 

low-power of the mediator compared to the arbitrator. They hypothesize that the mediator may feel 

less responsible for reaching a resolution, less significant in the process, and relatively weak in the 

eyes of the disputants. 

Wildland management professionals may draw some conclusions from Heuer and Penrod’s 

(1986) findings, as well as from those of McGillicudy and others (1987). For example, the role of 

managers as a third-party in resolving conflict among interest groups will likely promote agreement 

among groups and, thereby, address an immediate issue or conflict. Further, managers likely will 

promote greater acceptance of an agreement and less sequential conflict if they match the form of their 

mediation to the sensitivity of the issue. Managers may conclude from McGillicudy and others (1987) 

findings that placing in the hands of the mediator the authority to determine binding resolutions to 

negotiable conflict likely will be preferred by the mediator and any disputants, a situation most likely 

to preempt sequential conflict as may occur when one party refuses to abide by a decision. Natural 
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1. AUTOCRATIC complete 3rd party control, no negotiation between parties. 

2. ARBITRATION 3rd party controls decision following negotiation between 

parties. 

3. MOOT 3rd party shares vote with other parties. 

4. MEDIATION 3rd party has no formal decision authority. 

5. BARGAINING 3rd party absent.     
Figure 2. Five alternative procedures for a third-party to mitigate a conflict or address an issue. 

Adapted from Heuer and Penrod (1986). 
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resource scientists, too, can help preempt conflict if the information they provide is seen as honest and 

understandable. The selection of terminology and presentation format will likely affect this perception. 

Participative management 

Some conflicts may be resolved proactively by promoting a change in expectations and 

understandings among the parties. When this occurs, an issue becomes less divisive. One 

management style in particular appears most capable of achieving these ends: participative 

management (Collins and others 1989, Erez and Arad 1986). Under such a management structure, 

natural resource managers would encourage conflicting groups to become involved in the decision 

process, even when the conflict is between managers and an outside group. In this way, those 

participating in an LAC process structure conflict to promote learning and to transform adversaries into 

collaborators (Bosso 1988, Stern 1991). Conflict is not avoided; it is converted to an opportunity. 

Participative management has been criticized as inefficient and time-consuming, producing 

mediocre decisions, and generally leading to unclear accountability and conflict (Halal and Brown 

1981). Fisher (1986) suggests that some managers may not support participatory management systems 

because the systems threaten management authority. However, these criticisms do not hold up under 

scrutiny. Rather than being unreceptive to participative management, the opposite seems true (Manring 

1993). 

Collins and others (1989) surveyed 489 managers from 59 companies categorized as either 

authoritative, paternalistic, consultative, or participative, a structure similar to Heuer and Penrod’s 

(1986) conflict mitigation approach scale. Overall, the authors found that managers believe a 

participative system will provide benefits and that such a system yields improved communication and 

cooperation, increased involvement, and greater willingness to support managerial decisions. 

Additionally, Erez and Arad (1986) found participative management to have social and motivational 

effects such as goal acceptance, group commitment, and greater enthusiasm. Both of these sets of 

findings parallel those of Heuer and Penrod’s (1986) work and suggest that a participative management 

style also can be a helpful approach to conflict mitigation by promoting greater group agreement and 

adherence to group decisions. 

Participative management in the business world may be quite different from citizen 

participation in natural resource management. Conclusions suggested in community psychology 

literature, however, are similar to those found in the business world and relate directly to the political 

environment of wildland management. This literature contributes several ideas to the discussion: 
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psychological empowerment, individual empowerment, community (group) empowerment, and political 

efficacy. 

Zimmerman and Rappaport (1988) define psychological empowerment as “...the connection 

between a sense of personal competence, a desire for, and a willingness to take action in the public 

domain." Later, Zimmerman (1990) distinguishes individual from group empowerment, a term he 

variously associates with communities and organizations, as well as groups. Individual empowerment 

embodies active participation, motivation to control or contribute to control of proceedings, and 

feelings of competence. Group empowerment is marked by shared leadership and skill development, 

like participatory management, and, additionally, effective community influence. Both individual and 

group empowerment pertain to conflict mitigation since greater and more constructive participation in 

groups is associated with psychological empowerment (Zimmerman and Rappaport 1988). This 

suggests empowering situations may lead to greater acceptance of decisions and a greater likelihood 

that existing and sequential conflict may be mitigated. 

Political efficacy is considered another factor of citizen participation. Zimmerman (1989) 

defines political efficacy as "...the belief that one has the skill to influence the political system.” He 

goes on to explore internal political efficacy, defined as relating to perceptions of competency and 

individual empowerment, and external political efficacy, defined as relating to perceptions of the 

political system’s receptivity to participation and group empowerment. 

Individuals faced with a political situation will respond on the basis of these two types of 

political efficacy (Zimmerman 1989). For example, when faced with a difficult political situation, one 

person may choose not to become involved in the political process because of insufficiently strong 

feelings of internal political efficacy. Another individual faced with the same difficult situation but 

having greater feelings of internal political efficacy may begin to feel resentment or mistrust in 

government if not allowed to participate in resolving the situation. Natural resource managers seeking 

to reduce conflict or promote greater adherence to a new standard of conduct may benefit from 

promoting feelings of greater internal and external political efficacy among those involved in the 

groups. 

Manring (1993) explored the U.S. Forest Service’s application of alternative dispute resolution 

approaches and the reaction of agency staff members to these approaches. The Administrative Dispute 

Resolution Act of 1990 directs federal agencies to establish dispute resolution policies. The approach 
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reviewed in Manring’s (1993) work involved voluntary, face-to-face meetings to produce consensus 

among multiple stakeholders, often with a third-party mediator. 

Applying the research technique of decision analysis, Manring found that, contrary to 

anecdotal evidence, managers support these approaches once they have experienced an application. 

Apparently, they came to support the approach because it led to more reliance on scientific information 

and analysis, and it led to a broader knowledge-base for generating constructive ideas by involving 

more participants. Additionally, the negotiation-oriented approach reduced the amount of time required 

to reach an agreeable solution. Manring concludes that the process was most successful when 

traditional administrative-decision processes were blended with a negotiation-oriented approach. 

Manring’s (1993) work demonstrates that it is possible to integrate science and politics by 

applying existing approaches to participative management. Conflict between competing interests, 

including those of managers and scientists, may be resolved in an efficient and effective manner. 

Wildland management professionals should foresee working in such an environment where individuals 

and organizations outside the traditional decision process participate in establishing policies and bring 

with them expectations of high-quality scientific data. 

Local History and the Policy Context 
  

Management objectives within an LAC process should demonstrate an understanding of local 

history, especially that of the protected area. The policy context is quite dependent on this history 

(Brunner 1987). Pertinent information might include popularity of various activities, the role of local 

organizations, and the precedence of various management actions. 

In Shenandoah National Park, for example, agency figures estimate 1.8 million people have 

visited the backcountry annually from 1983-1992, that approximately 366,600 of those people stay 

overnight, and that 41,900 camp overnight in the backcountry. These visits, and many before, have 

formed campsites and trails in the areas away from roads and developed areas. Campsites and trails 

are changes caused by or required by human activity in an otherwise natural environment. Any 

change to the natural environment concerns Shenandoah managers because of their mandate to preserve 

and protect environmental quality. 

Backcountry management in Shenandoah National Park is a mixture of recreation and visitor 

management, wilderness management, and resource protection. Many backcountry management 

practices followed today in the park have been derived from practices or ideas that existed before 
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Congress established the park. Appendix A illustrates the progression of Shenandoah’s backcountry 

management policies. 

The United States Congress authorized Shenandoah National Park in 1926 and established it 

on December 26, 1935 when they accepted 176,429 acres from the State of Virginia. By this time 

many miles of trail and several backcountry shelters existed (Lambert 1979). The number of visits 

to the park was high and recreation had long been a traditional activity. 

Prelude to establishment 

Shenandoah was conceived and established during the same period in America as the initial 

formulations of such ideas as the need for a nationwide system of wilderness preserves, first suggested 

by Benton MacKaye in 1921, and the need to actively manage backcountry and wilderness lands to 

minimize the effects of overuse, first suggested by Robert Marshall in 1933 (Nash 1982). MacKaye 

is most often remembered as the visionary of the Appalachian Trail (AT), now running, as he 

proposed, the length of the Appalachian mountain chain, from Maine to Georgia and through 

Shenandoah National Park. Today, Wilderness and the AT contribute to the park’s character. 

In 1927, shortly after Congress authorized the park, supporters of the initiative formed the 

Potomac Appalachian Trail Club (PATC) to regionally promote the AT building effort and to foster 

the proposed park (Lambert 1979). The early activities of this organization were the beginnings of 

backcountry management in Shenandoah National Park. In 1928, the PATC built its first section of 

trai] within the authorized boundary of the proposed park. And, in 1930, during the Depression, they 

found both money and time to construct the first trail shelter in the U.S. south of New England. By 

1931 the PATC reported completion of 260 miles of trail, much of it within the sanctioned park 

boundary. 

Congress authorized Skyline Drive in 1931 (Runte 1987). The Drive displaced several 

sections of the AT and several shelters, and it effectively converted some backcountry to frontcountry 

and made the entire area more accessible. This and the prominent placement of the road led to 

opposition. In 1934 the Wilderness Society was conceived at an impromptu meeting along the edge 

of the Drive. In part the founders hoped to fight against skyline drives that they believed detracted 

from scenic resources (Nash 1982). 

When Congress authorized the park, several generations of inhabitants had already lived within 

the boundaries. This situation made management of the proposed park an exercise in recuperation, 

not preservation. And popularity complicated the exercise. In the year before establishment, 516,000 
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people visited the park. By 1937 Shenandoah had become the first National Park to be visited by 

more than one million people in a year (Runte 1987). 

Reassertion of nature 

While recreation management was an early concern, natural processes reestablished themselves 

during a period of few backcountry visits. The twenty-five-year period between park establishment 

and 1960 allowed park staff and others, like the PATC, to construct a backcountry recreation 

infrastructure of trails and shelters. The 96-mile Shenandoah portion of the AT was completed in 

1938. In 1941 PATC reported that 17 three-sided shelters existed in the park (Lambert 1979). 

Backcountry management of the time did not focus on mitigating the effects of recreation, as it does 

today, because the number of backcountry visits was not perceived to be causing problems. Managers 

considered the effects of recreation quite small. 

Much of the recuperation of the backcountry from its pre-park condition occurred during these 

early years. Though many people visited the park initially, the total number of visits dropped during 

World War II. In 1943 the park reported 42,000 visitors. This calm period at the park is thought 

to have allowed vegetation to make significant progress toward masking indications of earlier human 

settlement (Lambert 1979). Cooperative efforts between the park staff and others to maintain existing 

trails expanded shortly after the war when the park accepted an offer from the PATC to maintain 

primitive trails. By 1953 the park reported 429,988 visitors. For the first time backcountry overnight 

visits are also reported: 8,655. 

Resource preservation 

A new period of backcountry management began in the early 1960’s and extended to the mid- 

1970’s. In 1964, after prolonged public debate, Congress signed the Wilderness Act (Public Law 88- 

577). That year superintendent Hoskins, who started serving at the park in 1960, began discussing 

the possibility that some lands in Shenandoah might qualify as Wilderness based on the recovery that 

had occurred (Lambert 1979). The PATC, National Parks Association, Wilderness Society, Sierra Club 

and others began in 1966 to promote an expanded understanding of the lands that might be appropriate 

for the National Wilderness Preservation System (Nash 1982). Before the efforts of these groups, 

Congress and the federal land management agencies rarely considered eastern lands for protection as 

Wilderness. 
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Oddly, the Park Service bureaucracy initially fought Wilderness designation within the areas 

under their protection because they feared it would hamper the agency’s autonomy by placing new 

directives atop those of the agency Organic Act (Runte 1987). They especially feared that the 

Wilderness Act prohibited mechanized tools and other options for acting to manage park land’s, a 

misunderstanding of the Act that is often repeated today (Stankey 1990). In 1970, however, the 

Director of the National Park Service recommended that 73,280 acres of Shenandoah’s backcountry 

be designated Wilderness. 

During this time the park’s popularity grew. By 1967, the intended capacity at the 

frontcountry campgrounds was exceeded so frequently that superintendent Hoskins instructed park staff 

to direct visitors to the backcountry on exceptionally busy days (Jacobsen and Johnson 1992). That 

year the park reported 34,000 overnight backcountry visits. 

Superintendent Jacobsen began to serve at the park in 1972. The number of visits continued 

to increase. During the interim period between superintendents, park staff set up a designated campsite 

management policy at the park (Jacobsen and Johnson 1992). Overnight backcountry visitors were 

told they must camp within sight of red stakes or shelters. A total of 39 designated areas for 

backcountry camping existed in the park at the time. Additionally, the park policies began to require 

campfire permits. In 1973 park staff reported over 121,000 backcountry overnight visits. Managers 

at the time describe the designated camping areas as resembling carnivals, with no privacy and 

exhibiting a significantly changed resource (Jacobsen 1986). 

Backcountry overnight visits again exceeded 120,000 at the park in 1974. Superintendent 

Jacobsen replaced the designated site policy with one of required dispersal. A set of regulations was 

established to promote the new policy and to protect resources (Figure 3). New rules included a 

requirement that visitors obtain camping permits and a prohibition on campfires (Jacobsen 1986). 

Additionally, the park began installing wooden posts inscribed "No Camping" in locations with severe 

resource damage. 

Congress signed Public Law 93-622 authorizing eastern Wilderness in 1975, and in 1976 they 

designated 79,019 acres of it in the park. They also began consideration of 560 acres of potential 

additions. As part of the designation, Big Run shelter was removed from the backcountry, as were 

all man-made water developments except those that predate the park. 
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1. Backcountry Permit required. 

2. Group size limited to 10. 

3. Camping prohibited within: 
a. 250 yards or in view of paved park road or park boundary. 

b. 1/2 mile or in view of any park facility except a trail shelter. 

c. view from any trail or camping prohibition sign. 

d. view of another camping party or a trail shelter (except in time of 

storm). 

4. No more than two (2) consecutive nights in a single location defined 
by a 250 yard radius. 

5. Glass containers prohibited. 

6. Human waste relief not allowed within 10 yards of streams, trails, 

roads, or facility. 

7. Fecal material must be placed in a hole and covered with at least three 
(3) inches of soil. 

Part I, Sec. 7.15(b), Title 36, Code of Federal Regulations 

  

Figure 3 Backcountry Visitor Regulations established in 1974 at Shenandoah 
National Park. 
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Recent resource protection 

After 1976 and continuing to the present, backcountry management at the park began to 

change. Scientific methods have become more commonly applied in the form of surveys and 

monitoring programs. In addition, the number of visits dramatically dropped until, today, it appears 

to have reached a relatively stable level. In 1976, West Virginia University conducted the first survey 

of backcountry campers in the park (Wissinger 1977). A similar survey of trail users apparently also 

was conducted in 1977. 

Congress expanded Shenandoah Wilderness to 79,579 acres in 1978. During that year the 

park reported 75,000 overnight visitors, of whom 80% arrived between May and October and 90% 

stayed only one night (Lambert 1979). Overnight camping continued to decline. In 1981 the park 

reported 61,000 overnight backcountry visits. 

Though the number of backcountry visits appeared to have declined greatly in the previous 

decade, it remained high for a park of Shenandoah’s size. Park staff became concerned about obvious 

and widespread environmental change in popular camping areas. As a response, park staff compiled 

data from 1981 to 1983 documenting conditions found on a sample of campsites. Approximately 

thirteen hundred campsites were estimated to exist. In addition, in a related effort during this period, 

park staff rehabilitated 89 campsites throughout the three districts (Marion and Haskell 1988). 

The park completed a Backcountry Management Plan in 1984 as an action plan called for by 

its Resource Management Plan (RMP). This Backcountry Management Plan emphasizes recreation 

management, Wilderness management, and resource protection. The broad objectives for the plan were 

to provide an opportunity for resource-dependent backcountry visitor experiences while maintaining 

the integrity of natural ecological processes and minimizing the effects of recreation. Additionally, 

park staff ensured that the plan was integrated with such diverse yet complementary efforts as the Bear 

Management Plan and Fire Management Plan. 

Superintendent Wade began serving at the park in 1987 and continued the efforts begun 

earlier. The park adopted its current RMP in 1991 and called for a revision of the 1984 Backcountry 

Management Plan. Superintendent Wade appointed an interdivisional Backcountry and Wilderness 

Management Plan Taskforce to revise the plan. The Taskforce drew members from the maintenance, 

resource protection, interpretation, and resource management divisions of the park. The Taskforce 

invited a Park Service scientist, Dr. Jeffrey Marion, a recreation ecologist stationed at Virginia Tech, 

to participate in the effort. An early decision of the Taskforce was to recommend that park 
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regulations be stamped on the back of the backcountry permits to increase visitor familiarity with park 

policy. Another early decision of this Taskforce was to construct the revised BMP around the LAC 

framework. To gather current information concerning the condition of the backcountry campsites and 

to assess the policy of dispersal, in 1992 the park initiated a campsite monitoring program with the 

cooperation of Virginia Tech. 

The history behind current efforts to establish management policy at Shenandoah National Park 

illustrates many examples of cooperation between park staff members, scientists, private individuals, 

and non-governmental organizations. It also reveals a tendency toward traditional approaches to 

decisions, as illustrated recently by the lack of public participation in revising the Backcountry and 

Wilderness Management Plan. Opportunities for constructive negotiation of challenging questions may 

have been lost, as may have opportunities for educating outside parties about the issues while learning 

about their concerns and benefiting from their insights. With an investment of time and effort, 

however, these opportunities might be recouped. 

Selecting Biophysical and Social Indicators of Change 

Once those participating in an LAC process have established a set of broad management 

objectives, they must then select indicators of change. An indicator is any element of a setting 

changing in response to a process or activity of interest (Merigliano 1987, 1990a, 1990b). Camping 

is often an activity of interest for wildland management efforts and campsites are often studied because 

their condition concerns managers, scientists, and visitors. When studying campsites, recreation 

ecologists evaluate a site’s condition and location to assess environmental and social qualities. A 

single, direct measurement of a campsite’s condition is impossible because the overall condition is an 

aggregate of many components. For this reason, such a study typically involves examining various 

soil, vegetation, or locational elements of a campsite that serve as indicators of a campsite’s condition. 

By Merigliano’s (1990a) definition, an indicator may reveal issues that are biological, as with 

vegetation or wildlife, physical, as with soil or water chemistry, or social, as with aesthetic qualities. 

For recreation ecologists, an indicator’s condition provides a measure of how recreation has changed 

a setting. If an indicator’s condition varies from one time to another, investigators may detect a trend 

either warning of or promising future conditions. In this way, wildland professionals may decide 

whether their intended management objectives for an area are unrealistic and should be changed, or 

whether they should consider alternative management strategies to increase the likelihood of meeting 

those objectives. Alternatively, they may conclude that existing strategies are no longer necessary. 
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Selecting appropriate indicators for a particular setting is a critical judgement that must be 

made during an LAC process. There is no single set of indicators appropriate for all locations or for 

all issues. Potential indicators of resource condition are innumerable. Participants in an LAC process 

must select from among the many elements of a setting, choosing those best suited for assessing both 

the existing and desired conditions in a feasible, acceptable way (Figure 4). An appropriate indicator 

is usually quantitative, reliable, relevant, and sensitive to the process of interest (Merigliano 1990a). 

It is also understandable to non-professionals (O’Connor and Dewling 1986). 

Scientists and managers require indicators they or their employees can measure accurately, 

precisely, and cost-effectively, though they must balance these three ideals. All measurements are 

approximations of an indicator’s true value; greater accuracy, however, decreases the difference 

between the measured value and the true value in distinctly different ways than does greater precision. 

A measurement method is accurate if it closely approximates the true value; it is precise if it 

consistently approximates a common value. Investigators require accurate measurements to best 

describe an indicator’s condition; they require precise measurements to best describe changes in that 

condition and to collect comparable data from several individuals or during several iterations of a 

monitoring program (Cole 1989, Marion 1991a). When selecting methods, wildland professionals must 

balance accuracy and precision because both place constraints upon cost. 

At times investigators select an indicator because it appeals to managers or others even though 

it is not preferable according to the criteria of a worthwhile indicator. For example, investigators often 

survey conditions cause by depreciative behavior. Managers frequently consider cases of violated 

regulations to be indicative of a problem. Tree damage, amount of litter or observable human waste, 

and, in areas where open fires are banned, numbers of fire-rings are examples of campsite conditions 

caused by depreciative behavior that detracts unacceptably from environmental or social conditions. 

Such behavior contrasts with behavior acceptable as necessary for the activity and appropriate for the 

location. 

Conditions caused by depreciative behavior, however, are exceptionally dynamic, and often 

the result of a few individuals either causing or removing the condition. Effects of depreciative 

behavior are poor indicators of ecological problems because of the weak correlation with number of 

visits (Merigliano 1990a, 1990b). For example, though the effects of campfires and severe tree 

damage are ecological, they are also slow to disappear, insensitive to changes in behavior, and often 

dependent on management practices like litter or fire-ring removal. Such problems could result from 
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INDICATOR CRITERIA 
  

Quantitative 

Relevant 

Understandable 

Feasible 

Reliable 

Responsive 

Sensitive 

Integrative 

Significant   

CONSIDERATIONS 
  

Can the indicator be measured with some known 

probability or level of accuracy? Will the measurements 
be close to the indicator’s true condition? 

Does the indicator change as a result of the process or 

activity of interest? 

Will non-professionals understand why the indicator was 
selected and what it tells them? 

How complex are the measurements? Can the 

measurements be taken by available personnel? Can the 

required measurements be taken within available funding 
limits? 

How precise are the measurements? Will different 

individuals consistently obtain similar data when 

measuring the same indicator? 

Will management actions affect the indicator? Will 
visitor actions affect the indicator? 

Will the indicator reveal change occurring in one 

sampling cycle? 

Does the indicator reflect only its condition or is its 

condition related to that of other, perhaps less feasibly 

measured, elements? 

Does the indicator reveal relevant environmental 

conditions? Does the indicator reveal socially important 

conditions? 

  

Figure 4 Criteria for selecting preferred indicators of resource condition. Adapted from Cole (1989), 

Marion (1991a), Merigliano (1990a), and O’Connor and Dewling (1986). 
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may have been cleared of indicators such as trash or human waste shortly before a survey. In this 

situation the survey would not reveal the scope of the problems. 

Effects of Camping in a Backcountry Area 

Previous publications have extensively documented the effects that may be expected from 

wildland recreation. Ecologically oriented studies of campsites are particularly common since camping 

concentrates activity in scenic areas that are often ecologically sensitive. Additionally, social science 

research has shown that visitors are more perceptive of ecological conditions they find at campsites 

than along trails, and that these conditions greatly influence the setting perceived by visitors 

(Roggenbuck and others 1993). For these reasons, researchers often study campsites and campers to 

identify and monitor indicators of ecological and social change caused by recreation (Cole 1983, 

Parsons 1986). 

Several comprehensive efforts to synthesize these studies are available (Cole 1986b, 1990a; 

Kuss and others 1986a; Kuss and others 1990; Lucas 1990b). Researchers now understand that any 

amount of recreation will change a backcountry area, and that camping may change both natural 

resources and aesthetics perceived at a campsite. Further, any single change often has physical, social, 

and managerial repercussions. 

Elements of the physical setting that are commonly altered include soil and vegetation. The 

degree and duration of these changes in condition are influenced by environmental qualities as well 

as by the temporal frequency of camping and the aggregate number of campers. Elements of the 

social setting include the aesthetics of a campsite, defined here as intangible qualities of taste or 

beauty perceived by individual campers. These elements are influenced by natural conditions, 

conditions attributable to camping, social conditions produced by adjacent campers, and social 

conditions produced by management policies. If participants in an LAC process are to recommend 

or establish viable policies for addressing backcountry camping, they must first understand the types 

of effects attributable to camping and then seek to understand relationships between those effects. 

Effects on soil 

Camping affects soil by compacting or abrading it (Cole 1986b). The response of soils to 

recreation includes progressive, though generally diminishing, increases in soil compaction and losses 

of organic materials (Figure 5). Recreation ecologists commonly determine soil compaction by 

measuring increases in bulk density and increases in penetration resistance. They often assess losses 
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Figure 5 Soil conditions affected by camping, shown by the difference between site and control (Marion 
and Merriam 1985b). Note that three of the four categories change most with a low frequency 

of camping (less than twelve nights a year). 
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of organic materials by measuring decreases in organic horizon thickness and increases in the 

percentage of exposed mineral soil on the campsite. Exposed mineral soil and bare soil are terms 

applied interchangeably. 

In general, changes to soil occur in a sequence. This sequence begins with the trampling, 

abrading, or pulverization of surface organic materials. Eventually those materials are lost through 

wind and water erosion leading to exposure, compaction, and, in the most extreme cases, significant 

loss of mineral soils (Cole and Marion 1986, 1988). 

Recreation alters soil through a complex series of interrelated processes. Soil compaction 

reduces porosity and lowers the rate of water infiltration; soil abrasion reduces organic horizons and 

increases susceptibility to compactive forces and erosive runoff. The reduction in soil porosity leads 

to increased moisture capacity; yet, it also leads to a general decrease in moisture content because of 

the lower rate of infiltration and correspondingly higher percentage of rainfall runoff. Changes due 

to compaction and abrasion influence local plant growth by favoring species adapted to the new 

condition while disfavoring most original species (Cole 1983). Both compaction and abrasion of soil 

affect vegetation indirectly by reducing the availability of nutrients (Cole 1982), increasing the soil’s 

resistance to penetration by roots (Marion and Merriam 1985b), and reducing the availability of water 

(Cole 1983). 

Campfires cause more dramatic and long lasting changes to soil than other camping activities. 

While the effects are typically contained to the immediate area of the fire, an intense fire may combust 

as much as 90% of the organic material in the upper soil horizons (Fenn and others 1976). This loss 

of organic material leads to extended sterilization of the fire site, a pattern visible years after the 

remainder of the campsite has become invisible to most visitors (Marion 1984). 

Effects on vegetation 

Camping changes vegetation when direct physical contact occurs between campers or their 

equipment and a plant or its growth medium. This contact may cause either immediate damage or 

debilitative damage (Kuss and others 1990). Immediate damage includes shearing or abrading plant 

tissue; debilitative damage consists of directly or indirectly stressing a plant and making it susceptible 

to future sources of change like weather or additional camping (Kuss 1986). Examples of debilitative 

damage include increases in root exposure and tree damage, each occurring in a progressive manner 

related to type of activity, the amount of activity, and the age of the campsite (Cole and Marion 

1986). Changes to individual plants also may contribute to changes in the vegetation composition 
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found on the campsite (Cole and Fitchler 1983). 

In general, a plant responds to recreation in a manner governed by features of the plant itself, 

its environment, and its level of stress (Kuss 1986). When compared with a control site, typical 

changes to the vegetative community found on a campsite (Figure 6) include dramatic loss of tree 

seedlings, an increase in the number of tree stumps, a progressive loss of dense ground cover, and an 

increase in the dissimilarity of vegetation (Marion and Merriam 1985b). 

Whether a plant is susceptible to damage from trampling is determined by its vegetation type 

and growth form. Some species are more capable of recovering from recreation effects, and others 

may be more capable of resisting those effects. Recreation ecologists refer to these processes as 

resilience and resistance (Cole 1990a), two processes with great significance for those who manage 

wildland recreation. For example, Cole (1988), studying the effects of trampling on five forested 

vegetation types and a grassland, found the morphological characteristics of each species, commonly 

referred to the growth form, to be the primary factor influencing a plant’s ability to withstand or resist 

trampling. The aerial portion of a plant, the portion above ground, was most significant. Woody 

plants depend on stem characteristics such as stoutness or flexibility to withstand trampling, though 

they are sensitive to any damage that should occur. Herbaceous plants depend on the density and 

flexibility of stems and leaves, with graminoids more resistant than forbs, a finding Marion and 

Merriam (1985b) attribute to specific evolutionary adaptations of plants found in savannah, plains, or 

grassland environments. 

Differences among plants in their susceptibility to trampling may be seen in successional 

effects. Repeated camping on a site will suppress those more susceptible species that have less 

resistant growth forms, and lead to changes in vegetation composition (Cole and Fitchler 1983). This 

effect is commonly measured by comparing the degree of similarity among vegetation types found on 

a campsite with the similarity found on the control site. An undisturbed site is typically characterized 

by a mixture of vegetation adapted to the natural environment of that location; a disturbed location 

will often display markedly different vegetation than immediately adjacent undisturbed areas (Marion 

1984). 

Influence of environment 

A plant’s growth depends on its environment. Similarly, soil changes occur because of 

environmental influences or processes (Hammitt and Cole 1987). For example, soil changes as it 

accumulates leaf debris or experiences a freeze-thaw cycle, and plants grow best in certain intensities 
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Figure 6 Vegetation conditions affected by camping (Marion and Merriam 1985b). Note the declining 

slope of the curve for three of the four categories. Tree stumps, however, continue to increase 
at a consistent rate. 
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of light or during certain seasons. Environmental influences that may affect the dynamic condition 

of a campsite include soil moisture, soil texture, soil fertility, overall site productivity, and local 

climatic variables such as elevation, aspect, and seasonal factors (Cole 1985; Marion and Merriam 

1985b; Kuss 1986; Kuss and others 1990). The availability of sunlight, a factor that is directly 

related to canopy density, also influences campsite condition (Marion and Merriam 1985b). 

The capacity for elements of a campsite to recover after camping is eliminated is restricted 

by the site’s productivity (Cole 1988, Marion 1984). This contrasts with Cole’s (1983) finding that 

vegetation’s resistance to camping is more dependent on its growth form, rather than its location. In 

a review of recreation ecology literature, he illustrates that environmental factors such as elevation, 

soil fertility, and sunlight levels influence a plant’s capacity to recover from camping more than its 

capacity to resist the stress of camping (Cole 1986b). He later confirmed this conclusion during an 

experimental trampling study of six habitat types in Montana (Cole 1988). While resistance of 

vegetation to recreation is governed by growth form, the resilience following trampling is governed 

by environmental factors. Resistance and resilience are two of the more central concepts in 

understanding the effects of recreation on an environment. 

Influence of different numbers of visits 

Infrequently visited backcountry campsites exhibit different changes than more frequently 

visited ones (Cole and Marion 1986). Similar changes to campsite conditions accrue regardless of 

whether the disturbance occurs during concentrated periods of time or is spread out temporally (Cole 

1985). 

Until recently, the temporal aspect of camping cycles had seemed to have promising 

implications. Investigators had shown a notable social pattern. Visits to many backcountry areas 

occur in seasonal cycles, with most visits during the single season of summer (Lucas 1990c). This 

cycling means that backcountry campsites experience a pattern of activity that is punctuated by periods 

of frequent visits followed by extended lulls. Consideration was given to the possibility that campsites 

might recover markedly during these periods of inactivity, especially if the periods of low activity 

occurred in conjunction with an area’s growing season. 

Controlled experimentation has shown, however, that such is not the case. Trampling studies 

are an experimental technique whereby researchers subject a location to controlled pedestrian activity 

or a mechanized imitation of it (Cole and Bayfield 1993). Trampling of this experimental type allows 

researchers to compare the resistance and resilience of vegetation species and environments, processes 
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described earlier. Unfortunately, few examples exist of a controlled experiment in a protected area 

where the growth season and visit season do not coincide, as might be found in the Everglades 

National Park in Florida. 

Cole (1988) demonstrated that a very resilient vegetation, a grassland, can tolerate the 

experimental equivalent of only three to four nights of camping a year before changes become 

measurable the next year. Five other forested environments he studied could not tolerate a single 

camping event without measurable effects the next year. Extrapolating data from trampling studies 

to actual campsites suggests that, for the locations where Cole conducted his trampling experiments, 

though the number of visits to a campsite will partially determine the amount of change found, very 

few visits are necessary to cause a condition that remains distinct from undisturbed areas for more than 

one year. This conclusion confirms that campsites recover to undisturbed conditions at a much slower 

rate than the rate that camping forms a site. Seasonal recovery, then, only marginally alters the 

conditions of a campsite, at least in western forests and grasslands. 

Different numbers of visits on dramatically more productive locations may produce campsites 

that show greater recovery rates, especially when one considers whether or not the change may be 

perceived visually. Marion and Merriam (1985b) define infrequently active campsites as those visited 

less than twelve nights per year. According to Cole’s (1988) findings, few of these sites will recover 

to undisturbed conditions in one year. However, Cole and Marion (1988) found that eastern riparian 

environments like those of the Delaware Water Gap National Recreation Area have notably productive 

soils that, from one year to the next, recovered substantially even from extreme recreation trampling. 

The influence of different numbers of visitors has also interested wildland professionals. 

Researchers have conjectured that party size, meaning the number of people camping as a group for 

one night, will likely influence the areal disturbance produced by camping (Cole 1986a). For example, 

previous work suggests fifty parties of two people will affect a smaller area more intensely than two 

parties of fifty, simply by virtue of the area needed for tenting and eating. Little research, however, 

has addressed this question in a direct manner (Cole 1992). 

Assessing the frequency of camping at an individual site is one of the more difficult questions 

facing wildland professionals. Agencies rarely direct campers to individual sites, so knowing exactly 

where a group stayed is rare. Many wildlands have no permitting program to track overnight visitors, 

and some of those that do have such a system do not compile the information in a computer system 

and, therefore, do not analyze the information. 
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More often researchers must estimate the popularity of individual sites with varying degrees 

of accuracy. Marion and Merriam (1985a), for example, interviewed US Forest Service staff and 

collected visitor surveys on several specific sites to establish estimates of visitation levels for sites in 

the Boundary Waters Canoe Area in Minnesota. More common methods are to extrapolate from 

trampling studies to campsite condition studies, to extrapolate from more general permit data such as 

numbers of campers using a backcountry trail or area, or to apply a combination of these approaches. 

Influence of campsite age 

Because recreation ecologists find it difficult to determine the frequency of camping it is also 

hard to establish the effect of campsite age. In general, however, older campsites tend to be more 

different from undisturbed areas than younger sites. Accordingly, recreation ecologists conclude that 

campsite condition varies with the age of the site. 

Marion and Merriam (1985b), using multiple regression analysis to compare samples from 

campsites with samples from paired controls in the Boundary Waters Canoe Area of Minnesota, found 

no consistent dependent variable for the indicators of change, though both the frequency or amount 

of camping and campsite age were found to be significantly correlated with several individual changes. 

Indicators they found most significantly different include the percentage of exposed soil found on 

campsites, the increase in stone-free bulk density, overall campsite size, and vegetation composition. 

The authors also assessed the combined effect of both campsite age and frequency of visitation on a 

index value of campsite condition. The index scale was based on an aggregation of indicator values 

converted to a common unit. They found that the index value was most dependent on the frequency 

of visitation, though campsite age remained highly significant. 

The significant correlation between campsite age and campsite condition indicates that 

recreation changes features of campsites in a ongoing manner. Cole (1986b) notes this conclusion as 

a significant departure from earlier indications that campsite conditions changed only until reaching 

a point of dynamic equilibrium. However, because the older campsites assessed by Marion and 

Merriam (1985b) likely share a different history than the younger sites, Cole (1986b) acknowledges 

a true longitudinal study would be required to verify this relationship. 

Patterns of effects 

Recreation changes campsites in a progressive manner, dependent upon how the amount of 

recreation and the behavior of visitors affects the physical features of the site. As a campsite accrues 
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numbers of visits, it undergoes a series of well-documented changes, varying according to 

environmental differences (Cole and Hal! 1992). 

Research addressing the effects of wildland recreation on natural resources has identified two 

inherent qualities of special interest to managers, introduced earlier. The first is the capacity of the 

resource to resist the effects of camping, and the second is the resilience of the resource between visits 

or after visits have been ended. Resistance is analogous to durability; resilience is analogous to 

recovery (Cole 1990a). Both vegetation species or soil features of a site may exhibit these two 

qualities. Vegetation rarely exhibit both highly resistant and highly resilient qualities together, though 

some grasslands prove to be exceptions (Cole 1988, Cole and Marion 1988, Marion and Merriam 

1985a). 

AS a Site is repeatedly visited, changes to the resource accrue. Though many investigators 

assess campsite conditions by examining changes in individual indicators, these separate changes may 

also by combined to produce a single measure of condition. A preferred technique is to apply 

Statistical methods to derive a single aggregate measure of the condition (Marion and Merriam 1985b). 

Others have chosen to produce an aggregate measure by averaging the individual values of each 

indicator, an inappropriate technique because the units of measure are not consistent (Parsons and 

MacLeod 1980, Stohigren and Parsons 1992). 

One must be cautious, however, when considering the applicability of aggregate measures. 

Summary measures of aggregate change have at times been applied by investigators to rank campsites 

according to condition. Such an approach to analyzing campsite condition data is inappropriate 

because it focuses attention on individual campsites where the precision of the data is often least, it 

blurs the distinction between separate indicators, and it may lead some to believe that the technique 

may be applied to assess aggregate change, an approach with severe limitations. A summary figure 

is likely to prevent an investigator or other participants in an policy process from distinguishing 

between the various sources of change (O’Connor and Dewling 1986). Identifying the indicators that 

are the sources of change is important if appropriate management responses are to be applied. 

Although aggregate measures of change may be inappropriate for management questions, they 

help illustrate important scientific conclusions. By graphically displaying this aggregate change 

(Figure 7), recreation ecologists have shown that the relationship over time between accrued visitation 

levels and resource condition is curvilinear (Cole 1988, Cole 1990a, Marion 1984, Marion and 
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Figure 7 The aggregate effect of camping on backcountry sites. Region A: few visits lead to marked 
change. Region B: many more visits lead to relatively less additional change. From Cole 

(1985). 
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Merriam 1985b). Investigators commonly refer to the resulting graph as a use-impact curve, though 

it might also be termed a camping-condition curve. 

Such a graph indicates that the contributing effect of each additional visit is more significant 

to sites where camping is infrequent. With low numbers of visits, each visit significantly affects biotic 

and abiotic indicators of campsite condition because low-resistance vegetation remains on the site and 

soil bulk density remains close to original conditions. 

The relationship between frequency of camping and campsite condition begins to invert as 

higher numbers of visits accrue on a campsite. The point at which the relationship begins to invert 

is called the inflection point (Cole 1985). Below this point additional visits contribute more 

significantly to the increasing difference between conditions on the campsite and those found in 

adjacent undisturbed areas, while above this point additional visits contribute more marginally. Under 

truly high numbers of visits, each additional visit only slightly affects campsite condition because only 

the most resistant plants remain and, by this point, increasing soil bulk density requires progressively 

greater energy. 

Forested campsites in the eastern United States progress through a sequence of conditions 

ranging from pristine to greatly altered (Cole and Marion 1986, 1988). Not all campsites are likely 

to complete the progression from best to worst condition because of differences in accrued numbers 

of visits and the between local environments. A campsite whose condition is minimally different from 

undisturbed areas will be barely distinguishable from those areas with slight loss of vegetatio cover 

and minimal disturbance of organic litter. A slightly more disturbed campsite wil] be more generally 

obvious as the vegetation cover and composition becomes markedly different from undisturbed areas 

as a result of damage to less resistant plants. With more camping visits and greater disturbance, even 

the most resistant plants no longer tolerate the conditions and bare soil begins to appear. Bare soil 

becomes widespread on even more disturbed campsites and vegetation loss becomes nearly total for 

the disturbed area. The most disturbed campsites will display obvious soil erosion, indicated by 

exposed tree roots and exposed rocks and, on steep slopes, riling and, eventually, gullying of soil. 

Researchers may apply their knowledge of this progression towards designing surveys of campsite 

conditions (Marion 1991a). 

Patterns of effects may also be seen at the community level. Campsites tend to form either 

singularly or in clusters along streams or near other water sources, in flat areas, and near trails (Clark 

and Stankey 1986, Roggenbuck and Lucas 1986). In general, a campsite will be a relatively flat 
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location that is accessible, attractive, and hospitable for campers who are primarily concerned with 

cooking, eating, and sleeping in an appealing setting. 

One of the more interesting findings comes from researchers who have compared the total area 

affected by camping with the total wildland area. Even in markedly disturbed areas, such as several 

popular lake basins or stream drainages of Eagle Cap Wilderness in Oregon, less than two percent of 

the total area has been significantly altered by recreation activities (Cole 1982). This finding, together 

with Cole’s (1988) trampling study revealing how few visits are required to produce persistent 

conditions, illustrates that measurement sensitivity risks outpacing ecological significance. 

This point must be tempered, however, because camping may be limited to these smaller areas 

by topography or other criteria. If campers are unwilling or unable to disperse, then this two percent 

of the total area becomes very significant. For example, two percent of the total area may be nearly 

all the available camping areas existing in a large area, or nearly all the obvious areas. Accordingly, 

though measurement sensitivity could outpace ecological significance, it risks underestimating social 

concerns and social significance. To comprehend patterns in the effects of camping, then, requires 

an interdisciplinary understanding. 

Effects on aesthetics 

Camping causes physical change to both vegetation and soil. Future campers respond to this 

physical change with opinions about a campsite’s aesthetic qualities, a social change (Roggenbuck and 

others 1993). Aesthetic qualities are those subjectively perceived by campers, and may be related to 

the site itself or to the site’s physical, social, or managerial setting. Some general aesthetic qualities 

of a campsite might include the number or density of nearby campsites, the crowding or solitude 

perceived by campers (Shelby and others 1989a, Stewart and Carpenter 1989), the noise heard or trash 

seen while camping (Roggenbuck and others 1993), or the physical condition of the campsite (Shelby 

and Harris 1986). 

Aesthetics are subjective. One individual may perceive specific changes in campsite aesthetics 

as contributing to their experience, while another visitor may report that the same changes detract from 

their experience (Whittaker and Shelby 1988). Additionally, managers and other natural resource 

professionals commonly have opinions that differ from those of visitors (Martin and others 1989, 

Shindler and Shelby 1993). This subjectivity echoes the discussion of the term impact and reiterates 

the idea that the term is socially defined. 
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Roggenbuck and others (1991) argue that a difference in perceptions reported amo::g 

individuals and groups ought to be considered carefully before application to management. For 

example, differences could be innate or learned, or dependent on expectations. At the moment, 

researchers are unclear whether these differences are flexible. Should aesthetic perceptions prove 

flexible, managers then have an opportunity to mold those perceptions by promoting obligations or 

social sanctions through persuasive education (Roggenbuck 1992, Roggenbuck and others 1991). 

Roggenbuck and others (1993), in a study of visitors to four Wilderness areas in diverse 

regions of the U.S., show that visitors consider campsite features as some of the more important 

wilderness characteristics. Seven of the ten most highly rated indicators in their study were specific 

to campsites, while the other three of these ten were general indicators of the wilderness experience, 

not indicators of another specific activity. Analysis of the data from their study also shows greater 

variability within visitor groups of the particular wilderness areas than between the groups. This 

finding suggests that visitors as a whole may appreciate variety among management policies of a 

wildland area, and, further, that managers may validly extrapolate the finding to other wilderness and 

backcountry areas. 

In contrast to studying visitor’s responses to a general area, social scientists have also 

investigated responses to recreation induced change found specifically at campsites. For example, 

Shindler and Shelby (1993) assessed interest group standards for ecological conditions by presenting 

various audience groups with photographic slides of wilderness campsites to measure the acceptability, 

or tolerance, of interest group members for campsite conditions. Interest groups represented included 

outdoor activity organizations (hunting clubs, hiking clubs, horse riders, and scout clubs), 

environmental organizations (Sierra Club chapters), and managers (U.S. Forest Service backcountry 

managers). The authors found greater similarity among group responses than expected, with manager’s 

responses being most significantly different. Responses from organization members indicate that all 

campsites but those in the worst condition were judged acceptable. 

Study of aesthetics and other social science issues related to camping and camper management 

suggest that wildland management professionals, possibly including researchers, may have opinions 

about the significance of resource conditions very different from those of visitors and members of the 

involved public. If one is to fully understand scientific and management questions of wildland 

camping and campers, then an interdisciplinary background and, ideally, an interdisciplinary approach 

is required, especially as one moves to selecting indicators and setting standards. 
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Preferred Indicators 

Given their criteria for a worthwhile indicator and their knowledge about recreation effects 

on soil, vegetation, and aesthetics, investigators select or recommend preferred indicators of campsite 

conditions. A preferable indicator may reflect the status of either biophysical, social, or managerial 

concerns. For soil, investigators often estimate or measure the percentage of bare soil and the number 

of trees with exposed roots of certain degrees. Previous work reviewed by Cole (1986) shows that 

bare soil is highly correlated with the amount of visitation, just as root exposure is for soil compaction 

and erosion. Also, Roggenbuck and others (1993) determined that bare soil significantly influenced 

visitor opinions of campsite aesthetics. For vegetation, investigators often estimate or measure the 

percentage of ground covered by non-woody vegetation on the site and off the site, subtract the two, 

and consider the resulting absolute difference as an indication of vegetation disturbance and vegetation 

cover loss. Again, these conditions of vegetation may reveal both ecological or aesthetic issues. 

Although investigators find some indicators difficult to assess along ecological terms, they 

often select from those that have been shown to be most pertinent to management objectives or visitor 

concerns. Such indicators include the number of trails extending from a campsite, the distance from 

the campsite to water, the distance from the formal trail, the distance from the campsite to a formal 

road or facility, the amount of tree damage or stumps, the number of fire scars or fire rings, the 

presence of litter, and the presence of human waste. Although several of these indicators reflect 

physical conditions, they are may be difficult to quantify or unlikely to respond well to management 

actions, thereby making them poor ecological indicators. 

Typically, then, these indicators should be treated as reflections of social conditions or visitor 

preferences, and they should be recognized as difficult to assess in a meaningful manner because of 

their dependence on management actions. Although such indicators should be reported carefully, they 

help describe current conditions found on campsites. They also may help those who are participating 

in an LAC process understand the characteristics of a campsite most likely to be favored by visitors, 

an understanding especially valuable when contemplating a strategy of requiring visitors to camp only 

at designated campsites. 

A locational characteristic of a campsite provides three types of information. It may reflect 

either visitor decisions, management decisions, or ecological locations. Because backcountry campsites 

are formed most typically by visitors, all physical characteristics of a campsite, including locational 

ones, are the result of visitor decisions. Visitors decide where to camp, in part, because of a 
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location’s proximity to either constructed components of an infrastructure such as trails, shelters, or 

roads, or natural components of the setting such as views, water sources, or other destinations. 

Implicitly, then, one may consider such locational characteristics as indicating visitor choices and may 

interpret them as descriptors of such. Alternatively, managers of a protected area may have partitioned 

the area into opportunity classes or into other management divisions. Investigators may stratify a 

population of campsites according to opportunity classes or some other division such as management 

districts. In this way, they may compare typical sites in different districts or opportunity classes. 

Thirdly, an investigator may compile information about the ecological location of a campsite, such as 

the elevation, forest type, or aspect. Relationships between the ecological location and physical 

condition of a site may suggest where problems are likely to exist or where problems are unlikely to 

occur. 

An indicator also may provide data that serves multiple functions, as when it both reflects 

conditions of a site and facilitates presentation of other data. For example, though the location of a 

campsite relative to a road or trail does not indicate the physical condition of a campsite, it does 

correlate with aesthetic qualities shown to be preferred by campers (Roggenbuck and others 1993). 

Alternatively, locational characteristics may serve to stratify other data by ecological regions or 

managerial zones. 

Environmental indicators may not pertain to every area. A preferable indicator for one 

protected area may not be relevant in another. Participants in a management process must select 

indicators that are applicable to the specific area they are addressing. For example, an indicator that 

commonly correlates with visitation, such as the percentage of bare soil or number of exposed roots, 

may be overwhelmed by natural events such as flooding in a riparian area. Alternatively, when 

compared with a forested environment, the presence of bare soil may be far less suitable in a desert 

area where vegetation is sparse initially. 

Formulating Standards of Acceptable Conditions 

As participants in a management process select preferred indicators, they must also select 

standards for those indicators and propose methods for measuring indicator conditions. The selection 

of indicators, measurement methods, and standards should often occur simultaneously because certain 

types of standards require more or less precise indicator measurements and some standards are 

inappropriate for certain indicators that can only be measured so accurately. 

Application and Critique of LAC Peter B. Williams 63



A standard is a specific condition of an indicator or a rate-of-change in that indicator 

(Merigliano 1990a). Standards typically represent a point when action will be taken by a managing 

agency. Standards may also reflect the effectiveness of previous actions by allowing comparison 

between indicator condition and the predetermined standard of acceptability. 

Two types of decisions regarding standards are possible. A decision concerning whether an 

indicator’s condition exceeds a predetermined standard is considered an absolute decision because 

results from a survey are compared against an absolute standard. Alternatively, a decision concerning 

whether an indicator’s condition exceeds that found on another campsite or at another time is 

considered a relative decision because the interest is in the relative ranking of the conditions. The 

distinction between relative and absolute decisions originates from the field of educational testing 

(Shavelson and Webb 1991). It has direct implications for assessment of rater consistency, 

experimental design of monitoring programs, and even planning formats. 

Setting Standards 

Standards may be set for individual indicators or multiple indicators on individual campsites 

or multiple campsites. Establishing meaningful standards, though, requires an understanding of the 

options available and of any limitations associated with an option. Just as an LAC process should 

be applied separately to each protected area, standards for an indicator may not apply to all locations 

within a protected area. A crucial question that must be addressed when one establishes indicator 

standards is the scale or scope at which the standard applies. 

An effort to establish standards often begins with setting preliminary standards. Preliminary 

standards are similar to broad management objectives. Participants in an LAC process may propose 

these initial standards following a review of legislative intent, as with Wilderness areas or other federal 

preserves. They may then refine these standards by reviewing agency policies and guidelines, 

reviewing management objectives delineated for a specific area, and pursuing discussions among those 

participating in the process. An open process would incorporate the interests and comments of 

stakeholders. In this way, stakeholders would better understand the significance of each indicator and 

be more likely to publicly support the recommended standards because they participated in establishing 

those standards (Zimmerman 1989, Zimmerman and Rappaport 1988). 
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Opportunity class partitions 

During the standard-setting stage of an LAC process, participants must decide whether to 

partition a larger area according to one or more criteria. If they determine that partitions are 

appropriate, individual standards should be set for each of these areas. 

One form of partition is that of opportunity classes, a term from the recreation opportunity 

spectrum (ROS) model suggested by Driver and Brown (1978). The advantage of this and other forms 

of partitions is that they allow managers to circumscribe portions that either serve similar recreation 

interests of visitors or that contain similar areas of ecological sensitivity, though this criteria was not 

a component of the original ROS conception. By partitioning a large protected area, managers may 

tailor their response with actions appropriate for where the problems occur, instead of with broad 

regulations or other strategies that may be unnecessary elsewhere within a protected area. 

Individual and aggregate standards 

A standard for acceptable conditions is most often established either for an individual indicator 

or for an aggregate of indicators or cases. For example, one may set a standard for bare soil 

acceptable on any single site, a standard for average bare soil on sites in an opportunity class, or a 

standard for an aggregate of indicators, including bare soil, on either an individual site or for an 

opportunity class. 

Several questions arise, however, because of assumptions associated with each of these levels 

of standards. A standard set for an individual campsite requires a high-degree of both precision and 

accuracy if an investigator is to validly detect a change in condition. A standard set for an aggregate 

of condition indicators or for an aggregate of campsites, however, requires one to accept that dramatic 

change in a single indicator or campsite may be offset by changes in the opposite direction but of 

other indicators or campsites. 

Those who are establishing standards must understand each of these limitations and the 

associated implications. A standard for an individual campsite requires a research design that allows 

an investigator to establish and minimize the error associated with each measurement. Such designs 

likely require a greater investment of time and money. Alternatively, a standard for an aggregate of 

indicators or campsites requires appropriate statistical techniques for deriving the aggregate measure 

and limits one’s confidence that a real change will be reflected by the measure. More specifically, 

a standard for an aggregate of indicators requires clear presentation of the components reflected in the 

standard if it is to be understandable. 
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A continual process 

Participants in an LAC process should not consider the standard-setting stage to be fixed. As 

with each step of the LAC process, preliminary standards may be modified as necessary following any 

other stage, such as might occur following a survey of resource conditions. Such a survey will reveal 

if and where standards are violated. If the preliminary standards are markedly breached, the 

preliminary standard may become an objective toward which management actions will move 

conditions. New interim standards, perhaps formulated as time oriented goals, may be considered to 

gauge progress toward the objective. 

In the event that preliminary standards are neither met nor exceeded, survey data will reveal 

a gap between the actual condition and the acceptable standard. A large gap may suggest that the 

standard was too pessimistic, and that conditions may deteriorate greatly before that standard is 

exceeded. In this case, those participating in the management process may decide to make the 

standard more strict or to establish a standard for a rate-of-change that will be tolerated before a 

response becomes necessary. 

Indicators and standards are tools for managing natural resource preserves. They, like the 

preserves, are best thought of as dynamic. There is no one best set of indicators for monitoring the 

effects of a specific activity, just as there is no standard appropriate for all applications of a particular 

indicator. Judgements must be made when selecting indicators and standards that reflect current and 

desired conditions of an area. Even then, additional judgements must be made about whether an 

indicator continues to provide pertinent information and whether a standard remains relevant to the 

current situation. For this reason, scientists and managers should design monitoring programs around 

an iterative process of decisions, a process that is best when it is most open to participation. 

Understanding significance 

Standards are often built around the perceived significance of an indicator’s condition or 

around the typical condition of an indicator measured at many sites. The meaning of the term 

significance is often ambiguous for it is often treated as a term with a single meaning when it has 

several possible components. Four possible meanings of significance are statistical significance, 

ecological significance, social significance, and activity significance (Duinker and Beanlands 1986). 

That there are multiple definitions of significance suggests that interdisciplinary assessments 

of indicators, conditions, and campsites are most likely to produce a clear understanding. This idea 

has appeared in numerous fields involved with assessing resource conditions including the fields of 
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ecotoxicology (Levin and others 1984), environmental policy (Clark 1992), wilderness management 

(Krumpe and McLaughlin 1986), and water quality monitoring (O’Connor and Flemer 1987). An 

interdisciplinary approach to standards mitigates the threat that small decisions from many fields, each 

working independently on what they consider parochial problems, will tyrannize efforts to manage 

ecosystems (Odum 1982). This tyranny of small decisions may be lessened when investigators acquire 

broadened perspectives, as when recreation ecologists work together with recreation sociologists, 

managers, and other stakeholders. 

Statistical significance. A condition may be statistically significant when it is different enough 
  

from either its previous state or those found at an associated control site. Without careful design, an 

investigator’s ability to determine statistical significance becomes more marginal. False conclusions 

that a change has occurred must be avoided, as must a false conclusion that no change has occurred. 

In the language of statistics, the former is referred to as type I error, and the later as type II error. 

The capacity of a statistical analysis to discern whether a situation is true or false, as when 

questioning if a standard has been violated, is dependent on the number of cases assessed or the 

number of times each case is assessed, though after a point new cases or new assessments only 

marginally improve this capacity. In the vernacular of statistics, this capacity is referred to as the 

power of a statistical test and reflects the probability of avoiding a type II error. 

Research design, then, directly determines the appropriateness of a standard. An inappropriate 

standard is one that the research design is incapable of addressing. For example, if an investigator 

fails to design a program that determines the capacity of methods to discriminate between a real 

change and an apparent change that is actually an artifact of the methods, then any standards 

dependent on knowing whether a change is real or not become highly questionable. Specifically, a 

standard based on changes at an individual campsite requires a research design distinct from that 

required for a standard based on changes to an aggregate set of campsites. Accordingly, investigators 

must be involved in the process of setting standards because they are the professionals who are 

positioned to understand the limitations and capacities of their techniques. 

Ecological significance. Ecological significance is difficult to define. It may be superficially 
  

thought to involve purely biological considerations like the physical condition of a campsite as 

indicated by various biological components. Even biological considerations, however, are human value 

judgements because they are rooted in human and social considerations (Attfield 1992). The 

ecological significance of a campsite is determined by human perspectives such as those of a visitor, 
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an investigator, or a manager. A person with one perspective on the ecological significance of an 

indicator’s condition may disagree with a person who has another perspective even while the condition 

remains unchanged. Still, that ecological significance is a human value does not make the significance 

crass or suggest that stewardship is not altruistic. Standards built around ecological significance 

commonly have elements of both the social considerations of ecosystem conditions and the theme of 

stewardship (Duinker and Beanlands 1986). They also, however, may be dependent on values that 

are not accepted by some stakeholders, a potential source of conflict that those who are establishing 

standards should explore. 

Social significance. The social significance of a standard amplifies the idea of human 

considerations by emphasizing that the importance of an acceptable condition varies among different 

groups such as visitors or managers. Even within a larger social group there may be differing interest 

groups, such as those formed by participants in various recreational activities, that disagree about 

whether a condition is significant (Shindler and others 1993). Additionally, managers and scientists 

may tend toward standards that are more restrictive on recreation than some interest groups would like, 

and less restrictive than others would like who may be primarily concerned with broad ecosystem 

health. 

Activity significance. Activity significance depends on the management objectives for a 

protected area. It also depends on an understanding of the activity’s effects because the condition of 

an indicator with no known relationship to an activity should not affect management of the activity. 

For example, general forest health would not be considered when selecting actions to manage campers 

unless it were determined that general forest health were somehow related to the activity, that general 

forest health would respond to a management action directed toward campers, and that the effects of 

recreation could be distinguished from the effects of other possible causes of change. Accordingly, 

because these criteria are rarely met, conditions of general forest health should not be considered 

significant when selecting actions to manage camping. Determination of activity significance, then, 

depends on the understanding of an activity’s myriad effects. It is possible to assess an indicator that 

is insignificant because it is not related to the activity, just as it is possible to not assess one that is 

related but not understood. This point reiterates the previous discussion of preferred indicators. 

Monitoring Recreation Resources 

Once participants in an LAC process have set preliminary standards, they then need to know 

the actual conditions of the resource. This information is commonly obtained by measuring the 
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conditions of indicators within a protected area. Such measurements may be taken by surveying and 

monitoring indicator conditions. Applied to an assessment of campsite indicators, surveys, often called 

inventories, depict a momentary condition of either a campsite or a system of campsites. Monitoring 

is an effort to detect change by comparing two or more surveys done at different times. Monitoring 

studies promise to fulfill common needs of both scientists and natural resource managers (O’Conner 

and Flemer 1988). It is not surprising, then, that both groups have solicited efforts to establish 

protocols for surveys, monitoring, and data analysis of backcountry recreation resources (Rugh and 

Peterson 1992, 1993). 

In the nomenclature of recreation ecology, monitoring is a longitudinal study because it 

assesses conditions over time (Cole 1986b). Perry and others (1987) suggest that monitoring is part 

of a management process more than a scientific process. They contrast monitoring with what they 

term surveillance, defined as a scientific process whereby multiple observations are collected over a 

period of time. A surveillance process does not require a management application. Surveillance data, 

though, may be applied to a management-oriented monitoring program to determine whether 

management objectives are being met or whether indicator standards are being violated. 

If scientists and managers are to realize their objectives for inventorying and monitoring 

recreation sites, they must select appropriate measurement techniques. Further, if they are to reach 

valid conclusions and provide meaningful recommendations, they must know the limitations of their 

measurement techniques. 

Planning a Monitoring Effort 

The success of an LAC process lies in the quality of the monitoring effort. If efforts to select 

truly preferable indicators and assess them in an applicable manner are to be productive, preliminary 

efforts to plan and design a monitoring effort are essential (Spellerberg 1991). Objectives for the 

program must be established, available funding and staffing clarified, data collection methods 

delineated, and data presentation formats considered (Figure 8). Perhaps most importantly, program 

managers should collaborate with other local monitoring efforts and standardize their methods with 

those of other, similar efforts from their scientific field. Emphasis on clearly defined objectives must 

mirror the attention paid to collaboration and standardization. Specific objectives should include a 

preliminary project to test the selected methods and confirm that they will meet the program’s 

objectives. A base-line survey should then be completed to document initial conditions. Investigators 

may then commence a sequence of iterative survey cycles while continually reflecting on whether the 
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Figure 8 Schematic of monitoring program planning and design. Main sequence is from top to bottom 

with reflective loops to emphasize standardization (left) and distinct objectives (right). Adapted 
from Spellerberg (1991). 
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program objectives are being fulfilled, whether the objectives should be altered, or whether the 

methods and cycle frequency remain appropriate and necessary. 

When planning and designing a monitoring effort, managers and scientists ought to direct a 

broad, participative effort that will gather information and opinions concerning the applicability of 

individual indicators from a broad range of potential ones. This initial list may then be whittled down 

to leave only those relevant to the local situation and concerns. Such an effort should constantly refer 

to and refine the management objectives. 

The participation encouraged when planning a monitoring effort is a demand of the policy 

context. To gain support and nurture constituencies, stakeholders in the monitoring process ought to 

be involved. This demand of the policy context is most likely to be realized when non-professionals 

are welcomed as participants in the indicator selection process so that they are given an opportunity 

to assist the process and to understand the selection rationale. 

Research design 

A common criticism of environmental monitoring programs is a lack of careful research 

design. This criticism is found among recreation ecologists (Cole 1986b), large system ecologists 

(Rose and Smith 1992), and water quality specialists (Perry and others 1987). It also extends to any 

application of an LAC process. A fundamental question is whether existing methods for assessing 

indicators provide adequate data for both science and management, and whether the data is 

understandable to others. The issue is defensibility. If managers cannot defend their decisions on the 

data collected, then the assessment methods are inadequate. In the worst case, a poorly designed 

survey will be no better than uncorroborated anecdotal comments, yet the aura of science surrounding 

even such a survey as this may lead some to believe that the survey data is sufficient. 

The objectives of those participating in an LAC process may be realized through research 

design, also referred to as experimental design. Rose and Smith (1992) argue that new terminology 

has been introduced that obscures the importance of experimental design. They offer data quality 

objectives (DQO’s) and quality assurance and quality control (QA/QC) as two examples of new 

phrases in the vernacular of monitoring that capture aspects of experimental design yet divert attention 

from broader, more mature issues of experimental design itself. 

Rose and Smith (1992) suggest that monitoring efforts should be built around hypotheses of 

interest and structured with an appropriate sampling design. They recognize that monitoring efforts 

are dynamic and often must respond to new techniques or issues introduced between survey cycles, 
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but they argue that careful design addresses such eventualities while maintaining concern for scientific 

questions such as statistical power, measurement consistency, and components of error. 

Bernstein and Zalinski (1983) also strongly emphasize the importance of design when 

monitoring environmental conditions. They reiterate some of the more fundamental themes of 

experimental design (Kirk 1982). Without good design, a monitoring effort risks detecting only great 

change or, alternatively, collecting far more data than necessary to detect change of interest. This 

question implicitly addresses sampling and statistical power. 

Sample or census 

One of the first experimental design decisions that participants in an LAC process must make 

is whether to collect a sample of data or attempt a census of an entire population. This decision is 

often left to investigators because they are most familiar with measurement issues as well as with 

techniques applied in the past. 

Because of certain qualities of campsites, surveying or monitoring them is different from that 

for other ecological issues. Unlike water, air, or animals, campsites are stationary and, once 

established, campsites are relatively stable from year to year. Also, campsites are not randomly 

distributed geographically. They often are found in clusters along trails, near water sources, or near 

other attractions. For these reasons, assessment efforts must target specific locations in a non-random 

manner with cycles of several years, rather than consistently monitoring a medium flowing past a 

single capture point. 

This presents an awkward situation for applying techniques from the field of statistics. A 

sample must be randomly drawn from a population if a statistical assessment is to be extrapolated to 

that larger population. A census, however, captures measurements of the entire population, requiring 

a significantly greater investment of time and effort. 

Among the first design decisions an investigator must make, then, is whether to sample from 

a population of campsites or attempt a census of that population. A random sample is commonly 

defined as a randomly drawn selection of cases representing the whole of a population, but it is rare 

in any field to know enough about a population to ensure a truly random sample. With campsites, 

for example, it is rare to know enough about the locational, ecological, and social characteristics of 

a population to begin selecting a random sample, much less be certain that the drawn sample is 

representative. However, Shavelson and Webb (1981, 1989, 1991) prefer to define a random sample 

according to the concept of exchangeability whereby a sample may be considered random if the 
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investigator is willing to exchange any member of the sample with any other member of the 

population. 

A census of all campsites is typically necessary to identify conditions relevant to social and 

aesthetic questions such as the spatial distribution or densities of sites in various areas (Cole 1989) 

and to provide information sought by management models and decision frameworks. Though a social 

science study is most appropriate for addressing the implications of social and aesthetic conditions, 

these conditions are often dependent on physical conditions and spatial distributions (Roggenbuck and 

others 1993). 

Examples of both random and census designs are common in recreation ecology literature, but 

each is limited when answering particular questions (Cole 1986a). For example, investigators can 

devote more time to individual campsites when they select a sample approach, allowing them to make 

more detailed measurements than would be possible were they to inventory a large number of 

campsites. This investment of time allows the investigators to more carefully investigate hypotheses 

of causation, or to collect information on more indicators. A sample, however, reveals nothing about 

the locational distribution of campsites relative to other, unsurveyed sites. 

A review of the two most complete manuals for designing recreation ecology surveys reveals 

no discussion of details about options for assigning raters to campsites aside from selecting either a 

sample or a census (Cole 1989, Marion 1991a). Further review of specific methods described in 

management reports submitted by recreation ecologists and available in the literature reveals that the 

only tested method applied during efforts to monitor conditions of a system of campsites over time 

is a census. The accuracy of this statement may be limited because methods selected by managers 

may be unreported in this literature. 

This review shows that, when applying a census technique to survey a large area with many 

possible campsites, investigators commonly choose to assign each of several raters or teams of raters 

to different sections of the whole area (Marion 1991b). Each rater or team of raters is responsible 

for locating and assessing the sites in their section by completing a single survey of each site they 

find. The only tested example of assigning raters to campsites during a census, then, captures a single 

measurement of each campsite assessed. 

Measurement scales 

When planning a monitoring effort, investigators also must select scales of measurement for 

the indicators they wish to assess. Options include ordinal measures the reflect a ranked order but 
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not a linear relationship, interval measures that reflect linear differences but not necessarily congruent 

ones, and ratio measures that reflect continuously comparable differences along a common scale 

(Howell 1987). 

Measurement scales limit an investigator’s selection of analysis methods and, implicitly, limit 

the defensibility of an investigator’s conclusions. For example, some systems (Frissell 1978, Parsons 

and MacLeod 1980) provide ordinal level data that prevents an investigator from making statements 

about the relative condition of one site compared to another. Such a system is referred to as a 

condition class system and reviewed in following sections. With such a method, measurement scales 

become awkward. For example, the condition of a campsite rated as a two is not necessarily twice 

as bad as a site rated as class one or half as bad as one rated class four. Instead, the condition class 

simply reflects differences that are not necessarily related linearly. 

Careful calibration of ordinal rating categories will improve the process for a particular survey 

(Cole 1989, Marion 1991a), but a longitudinal study places constraints on calibration efforts because 

of the difficulty in calibrating sets of measurements taken by different people at different times. 

Statements comparing indicators across campsites and across time require appropriate measurement 

scales and the corroboration of supporting data from a calibration study to demonstrate that a 

comparison is appropriate. This restriction underscores the difficulty of confidently concluding that 

an indicator has actually changed from one time to another, especially when applying ordinal scales. 

Marion (1991a) prefers a system with ratio data wherever possible. Ratio data means that a 

true zero point exists corresponding to the absence of whatever is being measured (Howell 1987). 

Ratio data allows quantitative statements about relationships across subjects or across time may be 

made. For campsites, investigators pursue hypotheses about legitimate differences between distinct 

values of the same indicator, and they intend to make statements about those differences. Investigators 

require ratio data if they desire their hypotheses and conclusions to be relevant beyond the confines 

of the particular study, and repeatable in the future or elsewhere. 

A ratio scale of measurement can be achieved either by counting occurrences of an indicator, 

by accurately measuring an indicator’s dimensions, or by establishing percentage categories such that 

zero percent means an absence of the indicator. For example, a surveyor may count damaged trees, 

measure the site’s area with an accurate technique, or assign a percentage value to vegetation cover. 

When using percentage categories, investigators have noted that surveyors applying the 

Daubenmire cover scale easily and consistently assign twenty-five percent categories except at the 
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extremes where five percent categories become possible (Daubenmire 1959 and 1966, Mueller-Dombois 

and Ellenberg 1974). For each category, a midpoint percentage may be assigned, effectively producing 

a ratio scale of percentage. 

Backcountry Campsite Survey Systems 

A central issue associated with research design and measurement scales is the selection of 

a survey method. Recreation ecologists have applied several methods for surveying and monitoring 

backcountry campsites. While each method has seen improvements in design and application since 

its first introduction, each continues to require that an investigator give careful consideration to issues 

of both research design and measurement scales. 

Photographic systems 

Among the first methods investigators applied to document resource conditions were visual 

records, recorded with photography (Magill and Twiss 1965). By comparing two photographs of the 

same location taken from identical vantage points, an investigator can monitor changes in resource 

conditions (Brewer and Berrier 1984, Magill 1990). However, photographic systems are neither precise 

nor reliable because of common variation in equipment, training, and weather conditions. Additionally, 

photographic systems may be inaccurate for gathering quantitative measures of conditions or 

assessments of change because resource conditions often change in unpredicted directions originally 

out of a photograph frame (Marion 1991a). Brewer and Berrier (1984) recommend a procedure of 

taking four photographs from the perimeter of a campsite, each looking back at the center from a 

position ninety degrees away from the closest two photo-points. 

When assessing multiple campsites and comparing conditions either across sites or across time, 

the difficulties of quantifying photographic data become quite relevant because of the opportunity for 

associated measurement error. Additionally, each photograph must be handled individually to gather 

quantifiable information. This leads to much lab time in addition to the field work. The cost of 

supplies and time necessary to complete a quadrant photograph assessment of a large number of 

campsites may prohibit full application of this approach. Photographic systems, however, do provide 

a graphic illustration of condition and location, useful for presenting gross differences or examples of 

conditions. 
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Condition classes 

Frissell (1978) introduced another system for assessing recreation resources consisting of five 

classifications of condition ranging from nearly undisturbed to very disturbed. With such a system 

a surveyor must select the one most similar to a specific site. The system is easy to learn, quick to 

apply, and provides a moderately accurate measure of resource condition (Cole 1989, Marion 199 1a). 

However, the data are ordinal and cannot be disaggregated into components. Changes in condition 

may be dramatic before a new condition class becomes warranted. Further, the very disturbed 

category is open-ended, meaning the system allows no way for noting additional change occurring on 

campsites assigned to that category. And, lastly, the categories are often unbalanced meaning that one 

category may capture a breadth of possible conditions much more narrow or broad than another 

category. When a subsequent survey occurs, the result is that a change of one category may not mean 

the same in each case. 

As a relative measure of condition, such a system has merit, but investigators must calibrate 

the categorical descriptions to the local environment to ensure that the data are relevant (Cole 1989). 

Also, they must treat and present categorical data with appropriate interpretive techniques to ensure 

that results remain intuitive and understandable to non-professionals. To increase its applicability, a 

condition class system may be supported by supplemental data indicative of the range of conditions 

that might be expected within the condition class as measured in a location during a particular study 

(Marion 1991a). 

Multiparameter systems 

Many contemporary assessments of campsites are based on multiparameter systems. This is 

because recreation ecologists now recognize that individual elements of a recreation site respond 

differently to human activities. Camping, for example, affects a specific soil component or vegetation 

component according to environmental factors as well as the number of campers and whether a 

management action has been implemented. Investigators constructed multiparameter systems to 

incorporate the component elements of campsites as indicators of condition. 

A multiparameter system typically requires evaluation of several individual indicators that an 

investigator interprets separately or combines to form a summary condition score. Some designs have 

included categorical rating assessment, while others have included indicator measurements. Because 

of the greater number of indicators assessed, these systems are more costly to implement than 

condition class systems. However, the accuracy, precision, and quantity of information obtained from 
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a well designed and well implemented system is very high, as is the system’s sensitivity and 

responsiveness to changes in condition (Cole 1989). 

Issues of reliability. Marion (199la) has noted several potential problems with a 

multiparameter system, each easily overcome. One general concern might be termed reliability. At 

least four specific issues are associated with this concern. 

One issue of reliability is whether a future assessment can credibly claim to have located and 

assessed the same campsite. Marion argues that investigators must permanently reference a campsite 

if they are to be assured that the same site will be assessed in the future. This may be accomplished 

by permanently placing uniquely numbered tags on each campsite and carefully referencing tag 

locations. For example, an aluminum tag attached to a ferrous nail and buried under approximately 

three inches of soil in a central location on a campsite works well to permanently reference a campsite 

center point. Later surveyors, with a small metal detector called a magnetic pin locator, can easily 

locate this spot and ascertain that the tag is the one expected. 

Another issue associated with reliability is that some multiparameter systems emphasize 

categorical ratings of indicators (Stohlgren and Parsons 1992). Such an approach, as with a condition 

class system, produces ordinal data and demands careful calibration if an investigator intends to 

compare different sites or sites at different times. 

A third issue concerns the consistent training of raters. To reliably remeasure a campsite, 

raters working during each survey cycle must receive equivalent training. After a training period of 

several days, surveyors should be quite uniform in their estimates of indicator condition. This requires 

a carefully written manual detailing how each measurement is to be obtained and exactly describing 

each possible category of every indicator. A manual with imprecise descriptions of indicators and 

categories allows raters to apply their own definitions, leading to inconsistent results among the raters. 

Yet another problem associated with measurement reliability is that some of the more common 

multiparameter systems are based on inaccurate approximations of campsite area (Stohlgren and 

Parsons 1992), an indicator that directly relates to several other indicators. For example, an 

assessment of the percentage of bare soil depends on the measurement of the site size. The accuracy 

of a reported change in that percentage depends on the accuracy of the area measurement. Inaccurate 

approximations confound the capacity of a measurement technique to reflect a real change, as opposed 

to a change artificially produced or even overlooked because of imprecision. The validity of 

concluding that a campsite has changed from one time to another depends on accurate assessments at 
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both times. Typically, area appraisals are based on assigning categories of fixed size (Parsons and 

MacLeod 1980), assigning geometric shapes to approximate campsite boundaries (Bratton and others 

1978), estimating campsite area (Cole 1983), or applying a fixed number of transects radiating from 

a central point in the campsite (Cole 1982). 

Each of these techniques for measuring campsite area is problematic (Marion 1991a). Fixed 

size categories are prone to problems similar to those of other ordinal data. An area computed from 

geometric shapes has been shown to vary widely depending on the shape selected. A method based 

on estimates of campsite area is likely dependent on the spacial aptitude of the raters. And, a fixed 

radial transect method requires a large number of transects to accurately capture the area of a complex 

campsite shape. 

Marion (199la) recommends an alternative method designated the variable radial transect 

method (see Appendix B). When applying this method, investigators instruct surveyors to place a 

temporary wire flag at each point along the campsite boundary where the boundary changes direction 

significantly. The result is a series of wire flags that delineate a polygon closely approximating the 

actual boundary of the campsite. Raters then record the bearing and distance from each flag to an 

arbitrary center point permanently referenced as described earlier. An investigator later uses a 

computer program to calculate the area from these measurements. 

To assess a campsite at a later time, subsequent raters return to the site, locate the center point 

where a nail and uniquely numbered tag are were previously buried, and install temporary flags at the 

locations recorded during the earlier survey. They then must determine that a compelling reason exists 

before changing the location of a flag. If such a reason exists, surveyors record the location and 

bearing of all flags and then compute a new area. Although not yet tested experimentally on actually 

changed sites, the compelling reason criteria is expected to reduce the likelihood of rater subjectivity 

dramatically effecting results when measuring campsites at two different times. 

Marion’s (1991a) variable radial transect technique requires more time to measure a site. The 

results, however, are more accurate so less change is necessary before an investigator may reliably 

conclude that a difference is real. Permanent reference points, consistent training, and improved 

measurement techniques enhance the management applicability and scientific defensibility of a campsite 

monitoring program by increasing assessment reliability. 

Issues_of relevancy. Marion’s second general concern with multiparameter systems might be 

termed relevance. To ensure investigators provide managers and others with quality information for 
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making decisions, they must handle data only with appropriate statistical techniques. Some 

investigators have erroneously averaged assessment data collected for different indicators (Parsons and 

MacLeod 1980, Stohlgren and Parsons 1992). Averaging data with different units of measure is 

improper for deriving a summary condition score. Improperly derived conclusions destroy the 

relevance of survey data. 

Other investigators also have addressed the applicability of summary condition scores and, 

implicitly, the issue of relevance. O’Connor and Dewling (1986), for example, suggest that a summary 

score is problematic. A summary condition score, while intuitively appealing because it provides a 

way to directly compare sites according to a single number, is generally ambiguous. A single number 

does not reflect individual indicators so it is unclear what was indexed unless the index is carefully 

explained. Also, the relative significance of each component indicator varies according to whether the 

issue is ecological, social, or managerial. This may require weighting of each component according 

to the presumed significance, but weighting is inherently a value judgement. Lastly, a component of 

a summary score may be eclipsed by changes in another component, defined by O’Connor and 

Dewling (1986) as when a change in one or more components overshadows change in another 

component. When eclipsing occurs, a summary score fails to reflect an otherwise real change in 

condition. 

Permanent sampling systems 

Photographic, condition class, and multiparameter systems, as they have been described, 

provide relatively efficient methods for collecting condition data during a census of campsites. These 

systems, however, necessitate compromising accuracy and precision to achieve broad coverage while 

reducing cost. An alternative is to collect intensive data from a small number of campsites using a 

permanent sampling system for each campsite (Cole 1989). 

With this method, investigators collect data from campsites randomly selected from a 

geographic area or from a larger group of known campsites. They then assess the condition of each 

campsite with quadrats arranged according to an experimental sampling design along central transects 

emanating from the campsite center. Within these quadrats, investigators exhaustively survey soil and 

vegetation elements to precisely and accurately assess condition. Additionally, they collect similar data 

from undisturbed locations closely approximating those assumed to have been found on the campsite 

had no camping occurred. 
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The permanent sampling method requires considerably more time and expertise compared to 

the more efficient methods of photographic, condition class, and multiparameter systems. Additionally, 

a typical sampling approach prevents scientists and managers from understanding the distribution of 

campsites within a geographic area, a central question for current wildland management. 

Assessing Techniques 

If investigators are to provide meaningful data to an LAC process, they must understand the 

accuracy and precision of their measurement techniques. For example, if they do not know how 

consistently multiple raters assessed different campsites and different indicators, then they cannot be 

certain about the accuracy of the condition they report, nor can they be certain that an actual change 

has occurred from one time to another. This is because the reported change reflects the unavoidable 

inconsistency of raters. Understanding rater consistency and precision becomes most important when 

investigators seek to compare data collected during two survey cycles of a monitoring program, as 

when evaluating the effectiveness of a management action selected during an LAC process. Without 

some technique for assessing variation across raters, the decision process risks becoming artificially 

precise in the sense that investigators are unable to report rater consistency and, therefore, are unable 

to estimate confidently when a change most likely has occurred. When their results are used to make 

management decisions, investigators have the responsibility to present to managers in clear terms the 

confidence that they have in the collected data. 

To fully understand their campsite survey data, investigators must assess the consistency of 

their measurement techniques. Inconsistency is inescapable. All measurements of campsite indicators 

are an approximation of the true value, made fuzzy by an unavoidable degree of measurement error 

and by an element of subjectivity introduced by multiple raters or surveyors. Investigators must 

distinguish between the typical measurement error associated with their survey methods and the 

variance that is an effect of having multiple raters of multiple campsites. Only then can they hope 

to understand the range within which the true value is most likely to lie. 

From such information, investigators may describe the likelihood that a difference between 

measurements taken by different raters or at separate times is a significant difference and not an 

artifact of either measurement error or rater subjectivity. Several methods have been discussed by 

various investigators, but few have applied one of their proposed methods during an actual study. 
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Underlying questions 

Several basic questions underlie the assessment of measurement techniques. First, investigators 

must clarify their ability to compare data collected by multiple raters from multiple campsites or, 

eventually, from individual campsites that may have changed between assessments. This question 

directly confronts the issue of artificial precision. An investigator must assume responsibility for 

presenting study results in a manner clearly cognizant of study limitations, rather than suggesting the 

results are directly comparable. Simply comparing results from two separate assessments is 

inappropriate. The sites may have changed, but so may have the raters, the training, or any number 

of factors. Investigators must seek to understand campsite data limitations so that they may present 

that data in a meaningful manner that does not misrepresent the appropriate confidence in their work. 

Second, investigators must seek to distinguish between real differences and differences that 

are artifacts of having several raters measure many indicators on individual campsites. This question 

is another version of the first and suggests three potential sources of variation: multiple raters, 

changed indicator conditions, and unique campsites. Having multiple raters is a common situation, 

identifying changed indicator conditions is the focus of these studies, and virtually all campsites are 

different from others in some way. Additionally, differences in the results of two surveys may be due 

to inconsistent measurement techniques, inconsistent training, inconsistently defined indicator 

conditions, or inconsistent selection by raters of indicator values. In any of these four cases, direct 

comparison of results is erroneous, so any effort to enhance consistency and measure remaining 

variation is valuable. 

Third, investigators must identify the number of raters and campsites required to answer the 

first questions in a statistically powerful manner. Attempts to address this question are absent from 

recreation ecology literature. Most notably it introduces the idea of multiple raters assessing individual 

campsites, a technique that seeks to capture a close approximation of the true value for an indicator 

on a campsite by taking several measurements. 

Such a technique would require a greater investment of time and effort to complete an 

assessment of an identical number of campsites than many existing examples of these assessments. 

At least two alternatives, however, might be considered for realizing the benefits of multiple raters. 

The first is a separate assessment of a small number of campsites as a component of a larger study. 

With appropriate research design, results from the second study could help investigators interpret 

results from the larger study. Another option is to assign multiple raters to each campsite surveyed. 
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Because of its great demand for time and raters, this approach may seem impractical at first. As 

described in the recommendations of this thesis, however, at least one version of this option may be 

quite efficient. Certainly, a lesser number of campsites assessed precisely might provide more reliable 

information. While there is a cost associated with multiple assessments, the benefits of greater 

precision and accuracy should be considered. 

A fourth question underlying an investigation of measurement technique is which indicators 

are most consistently rated, as opposed to those indicators that ought not to be collected in future 

studies or ought to be most carefully presented. This question responds directly to Merigliano’s 

(1990b) characteristics of preferable indicators, discussed earlier. Additionally, it suggests the need 

for multivariate assessment of the indicators to reveal if relationships exist between indicator conditions 

or between raters and reported indicator conditions. Such relationships would reveal to an investigator 

whether a less consistently measured indicator might be abandoned in favor of an indicator that raters 

assess more consistently and that varies in a manner related to the less precisely measured indicator. 

Assessing measurement techniques 

To assess campsites, an investigator must establish a method for locating or sampling the sites. 

Contemporary examples of campsite surveys, described earlier, allow no inherent means to determine 

rater consistency. Such examples typically apply census methods that produce a single measurement 

of each indicator on a campsite. To address questions about measurement techniques, surveyors must, 

for these methods, participate in a separate study from the campsite survey because a single 

measurement has no variation, so no measure of consistency is possible. 

If results from the study of rater consistency are to be extrapolated to the larger survey, the 

study must have the same raters who complete the survey work individually rate several campsites, 

so that multiple assessments of multiple campsites become available. An investigator may then apply 

statistical procedures to better understand the data gathered during the larger survey (Cole 1989, Kirk 

1982, Shavelson and Webb 1991). Preferable statistical techniques will allow the investigator to assess 

the sources of variation, to assess the relative magnitudes of those sources, and to discuss the precision 

or reliability of the field measurements. 

An example from recreation ecology 

Cole (1989) suggests a method for estimating measurement error based on an unpublished 

report by Steele (1987). For his example, Cole directed nine raters to independently assess five unique 
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campsites according to twenty-six indicators. He then determined the distribution of each variable and 

assessed the relative sensitivity of different indicators by examining the coefficient-of-variation, defined 

as the ratio, expressed as a percentage, between the sample standard deviation and the sample mean. 

Also, he assessed the minimum magnitude of change that can be detected, referred to as the minimum- 

detectable-change, by examining the standard deviation of values assigned each indicator. The 

minimum-detectable-change figure is presented as a single number by which an indicator must change 

before one may conclude a real change has occurred. 

Additionally, Cole (1989) and Steele (1987) suggest a method for determining the likelihood 

of correctly detecting a real change. This is accomplished by deriving the statistical power of an 

analysis. Power is a statistical parameter representing the probability, as derived from power curves, 

of correctly rejecting the hypothesis that no change has occurred. In the field of statistics this is the 

probability of avoiding a type II error. Cole defined the likelihood of correctly detecting a real change 

as the power of a statistical test applied with a fixed type I error rate and with a given magnitude of 

change like one rating category, one Daubenmire cover-scale category, or a certain fixed size. 

Several problems appear to be present in Cole’s (1989) approach. First, an investigator is 

unable to partition sources of variation into component parts because the statistical model is a simple 

Analysis-of-Variance (ANOVA). A simple ANOVA explains the effects of a treatment by partitioning 

the variation of multiple scores into three components: the effects of the variables, interactions 

between variables, and unexplainable error (Shavelson and Webb 1991). Such an approach is limited 

when assessing a Situation where multiple treatments has occurred, as when raters assess campsite 

indicators. Differences between both raters and campsites affect the reported value of an indicator, 

and, therefore, they both are treatments. A simple ANOVA research design will not distinguish 

between the effects of these multiple treatments. The ANOVA model, however, is not limited to 

simple forms. It can be adapted to allow an investigator to assess multiple treatments. 

Secondly, Steele’s (1987) emphasis on the distribution of variables bears comment. Much 

effort is spent assessing and presenting the statistical distributions of indicator values on each site as 

assigned by the nine raters. Cole’s (1989) experiment produced five distributions of each indicator 

because five separate sites were assessed by the raters. The emphasis on distribution occurs because 

a normal distribution of sample values is essential if one is to identify the average value (pz) of the 

sample, a value critical to statistical inference testing (Kirk 1982). Steele reports that several 

indicators, mostly those assessed by assigning a categorical rating, appear to have a normal statistical 
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distribution. He found that other indicators, however, were distributed in some other form. Most of 

the indicators with non-normal distributions were those assessed by counting an_ indicator’s 

occurrences, but several categorically assessed indicators were also non-normally distributed. 

Steele (1987) and Cole (1989) are the first to acknowledge a primary issue with their 

emphasis upon the sample distribution of indicator values: the sample size is too small to adequately 

represent the distribution. Kirk (1982), author of a highly regarded Statistics textbook, recommends 

a sample size of 100 as sufficient; Steele (1987), in his recommendations, suggests a statistical 

technique of bootstrapping to produce a reasonably large number of samples from a smaller number 

of actual samples. 

Although investigators must consider sample size and distribution when studying rater 

precision, it seems unlikely that a large enough sample will exist without some sort of bootstrap 

procedure to produce a sufficient number of cases. When studying backcountry campsites, an 

investigator likely will find it difficult to have more than 10 experienced raters available to assess a 

set of campsites, and having 30 or more seems absolutely wishful. The most appropriate study, 

however, is one that reflects the consistency of the actual raters participating in the larger survey of 

campsites. Unless many raters participate in that study and are available for an investigation of rater 

precision, the actual number of raters is most appropriate. 

For most indicators, though, it seems proper to assume a normal distribution of data collected 

by multiple raters assessing a single campsite, but this may be dependent on the training and 

experience of the raters and the actual value of the indicator. Marginally trained, inexperienced raters 

are likely to possess varying aptitude for understanding and distinguishing between indicator categories 

and for measuring other indicators. The varying skills will affect the distribution of indicator values. 

With training, however, the skills will become more uniform and the distribution of reported values 

more normal. Similarly, raters assessing an indicator that has an actual value at or near zero will not 

produce a normal distribution by definition because no value less than the actual value is possible. 

The implication of this is unclear. 

It should be noted that the issue of distribution is irrelevant when analyzing data from a large 

monitoring study where a census has been completed. When an investigator has assessed enough 

cases to consider it a census of a population, the population mean (g) is known within a small margin 

of error. For this reason, though the distribution of values reported during a rater precision study may 

be meaningful, the distribution of values from a census of a campsite population is not. That 
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distribution is the actual distribution of values and should not be manipulated. An investigator might 

apply terms such as skewed to discribe a distribution, but the distribution should not affect analyses. 

Alternatives from other fields 

Several statistical techniques are available to analyze variation within a group of measurements 

taken from unique locations (Kirk 1982). For example, a randomized block design allows an 

investigator to distinguish between the effect of having multiple raters and the effect of having several 

unique campsites. With this experimental design investigators treat each campsite as a block of data 

to discern between variation introduced by changing raters and that introduced by changing campsites. 

They may then compare the consistency of individual indicators. 

However, these and other experimental designs for analyzing variance are intended to improve 

the statistical sensitivity of an analysis by removing the effect of one or more sources of variance. 

The techniques alone do not allow an investigator to comparatively evaluate those sources. 

Additionally, the design requires an investigator to assess each indicator separately. Separate analysis 

requires an investigator to make assumptions about the direct comparability of the indicators that may 

not be true because of possible interactions between indicators, raters, campsites, or possible 

combinations of these three. 

Generalizability theory. Another statistical technique most commonly found in literature of 

educational testing specifically assesses the dependability of measurements. The approach is referred 

to as generalizability theory, or simply as G-theory (Shavelson and Webb 1991). It is an extension 

of reliability theory applied in the field of business marketing (Peter 1979). G-theory offers 

investigators a method for distinguishing between and assessing specific sources of measurement error. 

It applies the statistical methods of analysis-of-variance (ANOVA) and may be adapted to experimental 

designs such as factorial ANOVA, factorial ANOVA with a randomized block design, or, though not 

commonly applied because of its complexity, multivariate factorial ANOVA. A typical application 

of G-theory is directed toward a sample of subjects representing some larger population. 

When measuring a subject, differences between results are composed of several elements. A 

difference typically consists of some unavoidable measurement error, actual differences between the 

subjects, and a difference or variance introduced by those who take the measurements. This is as true 

for measurements taken by machines as it is for those taken by people, as when rating campsites, 

water, or the activities of school children. 
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G-theory distinguishes between the object of measurement and other potential sources of 

variability. The object of measurement is the source of variability that one seeks to understand, also 

referred to as the facet of differentiation (Williams and others 1992). G-theory allows an investigator 

to isolate differences between the objects of measurement from other sources of variability, referred 

to as facets of generalization (Shavelson and Webb 1991). Consequently, one can better gauge actual 

differences because at least one source of difference has been identified and controlled. 

Employing the theory in an assessment of backcountry campsites, investigators may assess the 

variation introduced by a specific rater or group of raters and, eventually, compare the effect of 

changing raters, as when campsites in separate areas are rated by different people. Differences 

between campsites (the object of measurement) become better understood because the variability 

introduced by changing raters is now quantifiable. For example, some indicators may be more 

consistently assessed at any campsite, but, on the other hand, rater consistency for some other 

indicators may be influenced by the varying complexity of individual campsites. G-theory identifies 

the systematic variance of raters that is associated with each indicator. This information is crucial 

when selecting preferred indicators. 

By extending the improved understanding of rater variability this model provides, one may 

eventually compare the same campsites measured by raters at distinct times, as when reassessing a 

campsite during a second inventory cycle several years after an initial measurement, and express the 

confidence one has that a change is real. Applying G-theory techniques, investigators may more 

directly and appropriately compare the results of unique phases of a monitoring study because they 

will better understand whether the variance reflects actual differences between campsites or is more 

likely the effect of having multiple raters. 

A basic application of G-theory would allow one to disaggregate rater variability from 

campsite variability for each indicator. Further, it would allow one to establish the percentage of 

variability contributed by raters as opposed to inescapable measurement error. The research design 

applies a factorial ANOVA to explore multiple effects by segmenting effects into blocks associated 

with potential sources of variation (Kirk 1982, Shavelson and Webb 1991). Applied to a study of 

campsites, where differences between campsites confounds an investigator’s ability to discern rater 

consistency, an appropriate research design would segment the data into blocks of individual campsites 

and treat each indicator individually. 
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Ultimately, a more complex application may allow G-theory may allow for multivariate 

analyses. This would greatly enhance the understanding of relationships between individual indicators 

because one could distinguish between the effect of raters as well as identifying any covariance among 

the indicators. In this way, one could better identify whether indicators are revealing similar 

information about a campsite, a question with applicability to both management and science. Such 

information would allow investigators to recommend future assessment of only the more consistently 

measured indicators of one or more that vary in an associated manner. The result should be more 

efficient assessments. 

Wildland recreation scientists have rarely applied G theory, but the approach promises to allow 

investigators to address the more complicated questions related to measurement reliability and 

precision. The most common applications have been in the social sciences (Williams 1992). Williams 

and others (1992) applied G theory to assess variability among wilderness visitor’s responses to a 

social survey. The authors assessed the effect on measurement error of subjects, occasions, and 

indicators. An analogous situation with campsites would assess raters and campsites by indicator 

because each indicator is treated separately, often with different units of measure. 

Relative and absolute decisions. Information from a G-study provides information for a 
  

decision study. A decision study applies G-study results in the most appropriate way for a particular 

type of decision (Shavelson and Webb 1991). It focuses on either relative decisions or absolute 

decisions. A relative decision is one that involves the rank ordering of individual cases. For example, 

a relative decision may entail ranking individual indicators surveyed at separate campsites. An 

absolute decision involves the proximity of an individual case, perhaps the condition of an indicator, 

to an absolute criteria such as a standard. 

Explainable variance differs for relative and absolute decisions. Unexplainable variance is also 

called residual variance or residual error. For a relative decision, unexplainable variance is due to any 

interaction between the object of measurement and the other sources of variance because these 

interaction terms cannot be separated from the unexplained systematic error. For example, when raters 

assess an indicator on a campsite and decide that its condition is different from that of other indicators 

on other campsites, explainable variance is due to campsites and raters. Unexplainable variance, on 

the other hand, is due to both the interaction of campsites and raters and, secondly, unexplainable 

measurement error because these two sources of error cannot be disaggregated. 
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For an absolute decision, on the other hand, explainable variance originates only from the 

object of measurement. This leaves a larger unexplained variance term than for a relative decision. 

When raters measure an indicator on a campsite and conclude that it violates a standard, for example, 

the only explained error is associated with the campsite. This means that there is more unexplained 

error associated with an absolute decision than with a relative decision and, implicitly, that standards 

are more difficult to assess than are relative differences between campsites, though this difference is 

often quite marginal. 

Classical test theory does not allow for the possibility that test items or raters may vary 

(Shavelson and Webb 1991). One technique from classical test theory with applicability to the 

problem of rater consistency is the use of reliability coefficients. These coefficients, however, are 

derived only from the variability of the object of measurement and the residual, unexplained variation. 

Applied to an assessment of campsites, classical test theory assumes that the means across raters is 

equal, and, therefore, the variance across raters, also, is equal. This is not the case. Classical test 

theory is predominately concerned with relative differences. For absolute decisions such as decisions 

related to indicator standards, classical test theory does not apply. It cannot disaggregate variance 

contributed by raters from variance due to actual differences between indicators. G-theory, however, 

allows an investigator to quantify each of these effects separately from measurement error, and to do 

so across time. 

Generalizability coefficients, G-theory addresses relative and absolute error by producing a 

measure of the degree of generalizability or confidence appropriate for each type of decision 

(Shavelson and Webb 1981, 1989, 1991). These measures are referred to as generalizability 

coefficients, a measure of the actual differences between the objects of measurement. Generalizability 

coefficients are dependent on the error variance appropriate for a relative or absolute decision based 

on a specific design. An example applied to campsite assessments produces a relative error variance 

equal to the measurement error variance divided by the number of raters. The same example produces 

an absolute error variance equal to the sum of rater error variance divided by the number of raters and 

the measurement error variance divided by the number of raters. 

For a relative decision, the generalizability coefficient is termed rho-squared (p’). This term 

equals the error variance due to the object of measurement divided by the sum of the variance due 

to the object of measurement and the relative error variance for the particular design. 
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For an absolute decision, the generalizability coefficient is termed phi (@). It equals the error 

variance due to the object of measurement divided by the sum of the variance due to the object of 

measurement and the absolute error variance for the particular design. 

Applied to an assessment of campsite condition indicators, these measures may be interpreted 

as confidence intervals. By subtracting either the relative or absolute error variance from one and 

multiplying that number by the units of the indicator, an investigator may produce a measure of the 

confidence appropriate for the particular decision, a measure that parallels that of statistical power. 

For example, a relative decision based on data from Shenandoah National Park collected as part 

of this work and concerning the area of vegetation lost on campsites rated by individual surveyors 

produces p’ of (0.88). This leads to a relative confidence equal to (0.12) multiplied by the units of 

measure, in this case square feet. Applied to a 100 square foot campsite, the confidence interval for a 

relative decision is 12 square feet. When comparing this campsite with others, a site must be either 

greater than 112 square feet or less than 88 square feet before an investigator may confidently decide that 

an actual difference exists. For an absolute decision, the confidence interval is 13 square feet, 

remarkably close. These figures reflect the minimum-detectable-change that Cole (1989) sought to 

quantify, except that the figures are now applicable to sites of any size. 

Additionally, by extending the results of a generalizability study to a decision study (Shavelson 

and Webb 1991, Williams and others 1992), an investigator can establish the numbers of raters and 

campsites required to produce higher generalizability coefficients. For example, a higher generalizability 

coefficient suggests greater confidence that the condition of an indicator on a campsite is different from 

that measured by other raters on another campsite. Shavelson and Webb (1991) recommend a 

generalizability coefficient of at least (0.80), reflecting a 20 percent confidence that an actual difference 

exists. Depending on how consistently surveyors rate various indicators, an appropriate confidence level 

may require more than one rater to survey each campsite. Alternatively, this confidence level may be 

improved by better training of surveyors. 

Selecting Appropriate Management Actions 

Once those participating in an LAC process have assessed the current conditions, they must then 

interpret the results and choose a response. To interpret the information, investigators must work with 

other participants in the process because, while scientists comprehend many of the objective ecological, 

social, and managerial concerns, others closer to the immediate concerns of the local area can provide 

valuable insight into the relevance of an investigator’s observations. A participative effort to establish 
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management objectives, select indicators, and formulate standards should continue as investigators seek 

to identify the causes of any problems they detect. A similar effort should then be directed toward 

selecting and then implementing appropriate management actions. 

An LAC process is a continual process. The time and energy invested by participants and by 

a managing agency to select and implement an appropriate management action must be supported by later 

study to determine if the actions are effective. Should the actions prove ineffective, those participating 

in the process should consider whether management objectives should be modified, perhaps by 

establishing more specific interim objectives. New objectives likely would require reconsidering the 

appropriateness of existing indicators, standards, and management actions. Alternatively, rather than 

revising the objectives, the participants may decide to implement another set of management actions or 

implement a set of complementary actions to support existing strategies. 

When selecting an action, whether as an initial iteration of an LAC process or as a sequential 

cycle, participants should understand the options available for realizing the objectives they have 

established. They should also become familiar with the reasons others have chosen to select actions in 

the past either for that particular protected area or for another. In this way, the participants may better 

choose actions appropriate for the issues they face. 

Criteria for Selecting an Action 
  

Because of their understanding of campsite resilience, investigators suggest that a management 

strategy with a goal of seasonal recovery of backcountry campsites must keep visits at any one site to 

a very low level (Cole and Marion 1986). Such a conclusion supports arguments for promoting dispersal 

of camping so that no site is visited more that a few times in a year. Alternatively, this research suggests 

that a management strategy with a goal of minimizing the significance of each incremental visit to a 

campsite must keep visitors from creating more sites and promote the camping at existing sites. This 

second conclusion supports arguments for concentrating camping on existing campsites. These two 

conclusions capture the continuum of strategies available to backcountry managers who seek to minimize 

the effects of camping. 

To effectively concentrate visitors, managers must contain camping activities to the smallest 

possible area. Alternatively, managers may seek to distribute visitor activities over the entire area and 

allow no single area to receive a frequency of camping that would cause permanent biophysical change. 

The first strategy is called concentration and the second strategy is called dispersal (Hammitt and Cole 

1987). Managers and investigators have long debated the virtues of dispersing and concentrating visitors. 
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Backcountry camping is often managed according to one or the other, as in Shenandoah National Park 

where the adopted strategy is dispersal. 

When selecting strategies to address backcountry camping, managers must consider their options 

carefully. Intensive or direct visitor management, often seen in frontcountry settings, is rarely preferred 

in the backcountry where unconfined, autonomous recreation is sought by visitors (Lucas 1990b). As 

noted, backcountry recreation is distinctive from frontcountry recreation because of the prominence of 

a natural environment (Hammitt and Cole 1987). 

Managers must also consider social values. They can best promote certain social values by 

concentrating camping on selected sites. There is a cost to visitors, however, because a visitor’s freedom 

to discover a campsite is lost. However, social setting attributes, such as solitude and perceived 

crowding, are thought to be dependent on visitation density (Shelby and others 1989). This theory may 

be changing as some investigators reveal varying sensitivity to density among groups (Roggenbuck and 

others 1991, Shelby and Vaske 1991), and that psychological conflict between visitor groups, often 

thought to be related to density, is often more associated with the psychological image one group has 

of the other (Owens 1985). Managers face a difficult task as they seek to balance social setting attributes 

against psychological needs of visitors. 

To address the ecological and psychological responsibilities, a range of options are available to 

managers between idealized concentration and dispersal. Alternatives include concentration based on 

designated sites assigned by reservations, designated but unreserved sites, at-large camping with 

undesignated open sites, and fully dispersed camping where campsites never form, as defined by the 

existence of boundaries. Managers may select from any of these options, but suggesting that one 

management strategy is best for an entire wildland area downplays the broad range of visitors and the 

often equally broad range of ecological settings. 

A Transition of Models: Dispersal to Concentration 

Investigators initially defined the dichotomy between concentration and dispersal of visitors as 

a contrast between environmental protection, assured by dispersal, and visitor amenity, serviced by a 

policy of concentration. Under this original definition, managers promoted dispersal policies in 

backcountry areas and progressed toward concentration policies in frontcountry areas. Visitation density 

became a crucial component of the distinction. Concentrated recreation was said to occur when large 

numbers of people recreated in a small area at one moment. A strategy of dispersing recreation, on the 

other hand, distributed people throughout a larger area simultaneously. Such a strategy focused on 
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minimizing environmental changes perceived at any single site (Lloyd and Fischer 1972). This original 

distinction emphasized the effects of visitors on single sites. It supported arguments for dispersal as a 

preferred management approach, in part because managers associated dispersal with socially preferred 

backcountry characteristics such as solitude and primitiveness. 

Though managers gravitated toward policies of dispersal because of concern for wildland 

visitor’s social experiences, they also recommended distributing those effects over most of a recreation 

area to prevent the occurrence of large, overused, and unattractive campsites (Eschelberger and others 

1983). This was the very case described by former Shenandoah Superintendent Jacobson (1986) when 

he said that the designated campsites once existing in the park approximated country fairgrounds. For 

social and environmental reasons, managers and others considered concentrated camping unacceptable. 

The initial distinction between concentration and dispersal has recently been modified due to a 

greater understanding of the aggregate effects of backcountry camping. Aggregate effects of backcountry 

camping refers to the total ecological change induced in a recreation area. Both past and present 

objectives of managers generally emphasized minimizing ecological damage without unduly detracting 

from social or psychological opportunities. Managers who followed the original conception emphasized 

minimizing the effects seen at any one site. The current understanding emphasizes minimizing the 

effects found in an entire area. 

The transition in models stems from study of the relationship between numbers of visits and 

amount of environmental change. Among their relevant conclusions, investigators have found that the 

temporal distribution or concentration of visits does not affect the level of disturbance (Cole 1988). This 

finding means that the aggregate number of visits is most important. If the same number of visits occurs 

in a narrow burst of activity or is spread out over a season, the effect is the same. Another relevant 

conclusion is that the environmental qualities of resistance and resilience can be as significant as the 

number of visits, if not more significant, in determining the extent of disturbance for many environmental 

parameters. 

Concentration and Dispersal_as Alternatives 

Studies of the effects of camping on a backcountry site have produced support for both policy 

alternatives. For example, seasonal recovery of campsites relates primarily to resilience and requires low 

numbers of visits per site for conditions to improve. Dispersal of visitors may be successful by 

environmental standards if the aggregate effect of those visitors is small. This goal requires that most 

sites, if not all, can recover during the year. For this rapid recovery to occur, managers must seek to 
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minimize overnight visits to individual sites. To achieve the necessary low amounts of camping, 

managers must solicit visitor cooperation. Visitors must recognize and follow the inherently strict 

capacity of campsites to support more than a few visits. A very active program of education is 

necessary for a successful policy of dispersal (Roggenbuck 1992). 

The alternative to requiring low numbers of visits per site becomes apparent with the curvilinear 

nature of resistance, revealed by recreation ecology studies. When a site is visited more often than the 

number corresponding to the inflection point on a graph relating aggregate change to frequency of visits, 

each additional visit contributes less and less to the total change. This suggests that concentrating 

camping activities will be very effective at minimizing the effects of visitation levels approaching or 

exceeding the inflection point. This concurs with Thornburgh’s (1986) finding that a designated system 

of campsite management worked best to effectively minimize change attributed to backcountry camping 

in the Cascade mountains of Washington state. 

For a strategy of concentration to be most effective, managers must select policies that allow 

the fewest campsites possible. Such strategies often take the form of restrictive regulations requiring 

visitors to camp only where a formal site exists, perhaps according to an itinerary, as in Everglades 

National Park and parts of Great Smoky Mountains National Park. 

For a strategy of dispersal to be most effective, visitors need to be knowledgeable of minimum 

trace camping practices and know where to go to effectively apply those practices. To provide this 

information, wildland managers may adopt policies intended to educate visitors. For example, Marion 

and others (1993) show that 45 percent of National Park Service areas with backcountry promote 

minimum trace camping literature, though few managers of these areas consider the practice successful. 

An Alternative Strategy for Managing Designated Campsites 

Investigators have also introduced alternatives to idealized concentration or dispersal. Both 

ecological and psychological based rationales have been applied to support arguments for hybrid 

strategies and for strategies that place the responsibility for campsite conditions in a more balanced 

position between visitors and managers. 

Canon and others (1979) showed that visitors are unlikely to effectively disperse without 

knowing they have someplace to go. In response, Eschelberger and others (1983) suggested a hybrid 

designated-dispersed model of backcountry campsite management. The authors tested the model in the 

White Mountain National Forest in New Hampshire by establishing campsites at selected locations and 

publicizing those locations at trailhead bulletin boards to promote visits. The effort appears to have been 
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successful. The authors reported high numbers of visits to each site, and, we may assume, the frequency 

of camping surpassed the inflection point of a camping-conditions or use-impact curve. The data from 

this study, however, is limited since the experiment lasted only one year. 

One may criticize this model because it may require more campsites than would a more pure 

system of concentration. In theory this greater requirement for sites would negate the model’s 

effectiveness by requiring more total sites to keep enough alternate sites available for the unstructured 

patterns of visits. However, Cole (1985a, 1990b) suggests that the relative effects of camping must be 

considered. His study of Eagle Cap Wilderness in California demonstrated that even the most heavily 

visited sections within a relatively lightly managed backcountry area likely will be affected only 

minimally by camping. Thus, ifa management system were to reduce the overall number of campsites, 

as with Eschelberger and others (1983) model, an improvement would be realized even if the total 

number exceeded the minimum necessary under an optimal system of concentration. 

The effect of having more sites than necessary becomes less bothersome if some benefit is 

derived from the additional number. One likely benefit of such a system is that it may be more socially 

acceptable. Visitors prefer to escape a rule oriented social environment by leaving civilized areas for 

the backcountry (Lucas 1990b). Managers respect this preference when they allow visitors the element 

of choice and the sense of relative freedom. Furthermore, when establishing designated-dispersed 

campsites managers may set various density levels by changing the distance between campsites. When 

they communicate such opportunities to visitors, managers provide visitors with more concrete 

expectations, and their actions do not impinge on visitor freedom as might an aggressive effort to 

establish and enforce regulations. Because visitors retain the independence to knowledgeably choose 

where to camp, they are more likely to support and abide by management policies, thereby directly 

participating in efforts to protect the resources. 

Again, this broad management action must be supported by strategies and tactics that address 

social, biophysical, and managerial concerns. Efforts to provide materials necessary to promote visitor 

education will augment other efforts to address campsite conditions. 

Campsite Maintenance _and Rehabilitation 

Most campsite management strategies address campers, not the campsite. To minimize the 

ageregate effect of each additional visit, managers should select a strategy that promotes campsite 

visitation levels well above the inflection point, as with concentration strategies, or they may choose a 

strategy that promotes minimal effects at individual campsites, as with dispersal. These strategies often 
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place burdens on visitors. Concentration requires visitors to forego some of their freedom to camp where 

they like; dispersal requires visitors to be knowledgeable and comfortable in isolated settings. 

Alternatively, managers may assume greater responsibility for aminimally-effected wildland area 

by establishing a program to maintain or rehabilitate wildland campsites. Actual manipulation of a site, 

a direct site management approach, may increase the capacity of a campsite to support multiple visits 

(Marion and Sober 1987). Rehabilitation of unacceptable campsites ensures that managers are providing 

their intended settings to visitors. The strategy involves applying the collective understanding of 

resistance, resilience, and visitor behavior. In doing so managers can actively increase the capacity of 

a site to support or recover from visits. 

Campsite maintenance may be part of any management strategy from complete dispersal to 

regulated concentration. As part of a camping dispersal policy, managers might rehabilitate all locations 

that show signs of camping. On the other hand, managers may incorporate campsite maintenance into 

a camping concentration policy. For example, managers might transplant or seed vegetation to reduce 

campsite size, especially vegetation shown to be resistant to camping. Or they could reduce the size of 

a site by fixing fire grates or selectively moving or installing rocks as physical and psychological 

barriers. 

As with each of the other management strategies, campsite maintenance efforts require 

supporting actions. Those who are implementing the efforts need to know about the resource and what 

plant species will work in the specific environment of a campsite. They need to understand which 

actions visitors will tolerate and which visitors may act to undo. Also, they need to recognize the 

objectives of the broad objectives guiding the overall effort. And, finally, they need to know whether 

their efforts work. Recreation ecologists and other investigators can help those involved in an LAC 

process to assess the effectiveness of actions, just as they can help support the initial effort to select 

responses to resource conditions determined to be unacceptable. If they are to provide this information, 

recreation ecologists and other natural resource scientists must broaden their perspective and recognize 

that they play a critical role in the continual policy process of managing wildlands. 

A Multiple Strategy Approach 

Each strategy discussed-- concentration, dispersal, hybrid, and maintenance-- has advantages 

and disadvantages. When implementation and compliance are perfect, concentration protects the majority 

of a backcountry area by restricting visitor autonomy and emphasizing regulations; dispersal protects 

all of an area only by requiring a high-level of understanding by visitors; a hybrid system restores a 
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sense of autonomy, while protecting most of an area, but requires designated locations distributed broadly 

over much of a backcountry; and a maintenance strategy may produce campsites that only appeal to a 

portion of visitors. In addition, each single strategy assumes that visitors arrive with a universal set of 

preferences and have a consistent level of ability. Visitors, however, vary. Some prefer to camp in an 

established site, while others prefer to make their own and practice their leave-no-trace skills. Even 

individuals vary. A person may prefer to know they have a reserved destination when camping with 

family, but prefer to discover their own campsite when alone. 

A multiple strategy approach to managing backcountry camping may resolve the provision and 

protection dilemma. Such a strategy would be based upon a program of assessing existing campsite 

conditions and locations. Location information would reveal where visitors tend to camp; condition 

information would reveal where problems exist. Participants in a policy process like LAC could then 

address each problem in turn. Designated campsites could be established where campsite proximity and 

condition are concerns; existing campsites not considered problematic could be allowed to remain for 

campers to discover, a de facto form of concentration; dispersal could be allowed in remote areas likely 

to be preferred by individuals experienced in leave-no-trace camping techniques; and maintenance could 

rehabilitate areas with undesired sites and care for other sites. Those making policy for a protected area 

where one of the strategies appears untenable could select from the remaining alternatives, perhaps 

deciding that only one applied. 

A multiple strategy approach represents the culmination of theory behind the LAC framework. 

It acknowledges differences between areas and among visitors, allowing policy makers to respond 

accordingly. One of LAC’s primary advantages is flexibility. A multiple strategy approach epitomizes 

that objective because managers respond flexibly and visitors choose flexibly. It also balances 

responsibility between visitors and managers by allowing visitors to choose knowledgeably where and 

how they camp, instead of being told by managers. Managers then respond with maintenance in areas 

where problems appear. As with most other management strategies, a multiple strategy approach must 

be supported by an active effort to provide visitors with information so they can select campsites fitting 

their expectations. Additionally, successful implementation may still require regulations, but the 

management setting need not be characterized by them. 
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Critical Conclusions Regarding LAC 

This critique of LAC illustrates several concerns related to each step of the technical process 

that is LAC and is intended to distinguish between acceptable and unacceptable change. While LAC 

represents the most current approach to wildland management, some issues have yet to be resolved. 

Most of these issues relate either to expanding the participation of stakeholders or reflect lessons learned 

while participating as an investigator in an LAC application. 

One initial consideration comes from the framework’s origins-- the management by objectives 

model of business management. As discussed, this model does not extend cleanly to LAC, in large part 

because of the model’s emphasis on objectives, an emphasis that underestimates the importance of 

considering actions, the effects of actions, and the responses of others to actions. Strictly implemented, 

rational planning methods have limited applicability to wildland management because the issues are so 

often social and political. The coupling of transactive planning approaches improves upon the rational 

methods, but this coupling does not occur during each application of LAC. Additionally, other 

contemporary planning models may offer improvements over the transactive planning model (Friedmann 

1987). Agency staff members should become familiar with the benefits possible from expanding the 

planning process. 

Expanding the process necessitates expanding the participants’ understanding of the context. 

If the process is to produce better decisions, the participants must understand the local setting. Although 

investigators commonly study the local physical setting, the significance of their findings often is related 

to the historical setting, especially its social and political aspects. More than just anthropological or 

sociological interest, an investigator’s understanding of local history can provide an appreciation of 

context surrounding contemporary issues. The importance of legislative mandates also increases. Those 

participating in an effort should be familiar with the legislated mandates that delineate the alternatives 

for action. In this way, participants may be less inclined to propose actions that conflict with those 

mandates. A likely fear some traditional participants associate with expanding a policy process to 

include other stakeholders is a loss of perspective as new participants bring fresh, and perhaps antithetical 

ideas, to wildland management. By continually referring to the legislative intent, those involved in the 

process may remain consistent in their efforts. 

A crucial point about expanding participation in an LAC process is that simply opening the 

process to produce more widely acceptable ideas should not be the objective-- better decisions should 

be the goal. Increasing the number of participants can generate more ideas, simultaneously offering 
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opportunities for those involved in the process to learn from each other and to mitigate existing or 

potential conflicts. This will likely produce better ideas that also are more acceptable. Managers who 

participate in such an effort are likely to find it constructive (Manring 1993). They also may find their 

professional expertise in greater demand. 

Perhaps the most immediately promising considerations provided by this critique relate to 

selecting indicators, establishing standards, and assessing or monitoring conditions. For example, as the 

policy process expands, so must understanding, and some forms of indicators muddle understanding. 

Aggregate indicators and summary measures of condition obscure the component indicators, allowing 

important changes to be overlooked and confusing efforts to select effective management actions. An 

alternative approach would identify sets of similar campsites according to the similarity of those 

component indicators, rather than attempting to rank campsites in some relative, yet counter-intuitive, 

manner. 

Although some forms of indicators are troublesome, other forms should be implemented. 

Preferred indicators reflect environmentally and socially significant conditions; they are measurable with 

methods applicable to the intended statistical tests; provide information relevant to the activity; and allow 

investigators to describe the location of sites with similar conditions. To ensure that their efforts are 

applicable to the issue and context, an investigator must implement a research design that matches 

measurement scales with the investigator’s intended purpose. For example, an indicator of campsite 

location may provide sufficient information with a categorical measurement scale, but an indicator that 

provides information for assessing violations of condition standards likely requires a ratio scale. 

The relationship between indicators, standards, experimental design, and management action is 

emphasized throughout much of this critique of LAC. Each should be considered simultaneously with 

the others-- an indicator should not be selected unless a standard will be meaningful, a measurement is 

possible, and an action can occur. One issue that demands more overt attention during LAC processes 

is the question of significance. Four interpretations of significance are discussed: ecological, statistical, 

social, and activity. Those who participate in LAC processes should become familiar with each 

interpretation so they can better select indicators, establish standards, and implement actions. In addition, 

the distinction between relative and absolute decisions must be emphasized. That different types of 

standards may exist is often overlooked within published examples of LAC processes. Implications of 

relative and absolute decisions should be understood by those participating in future LAC efforts. 
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The importance of research design relates directly to monitoring natural resource conditions, a 

principal element in an LAC process. Monitoring programs should emphasize clearly stated objectives. 

This allows an investigator to establish a research design carefully constructed around hypotheses of 

interest. A design must address issues of reliability, relevance, consistency, and precision if they provide 

data for determining whether conditions are acceptable. Investigators must recognize and communicate 

the distinction between a census and sample design so that those participating in the policy process 

understand the information each design can provide. Additionally, the importance of understanding rater 

consistency is clearly apparent from this critique. If appropriate comparisons across time or between 

locations are to occur, then investigators must provide an understanding of rater consistency. 

Generalizability theory offers a mature model for pursuing these questions, and it is demonstrated in the 

remainder of this thesis. 

Lastly, an issue that should receive greater attention is the effectiveness of various management 

actions. Although natural resource scientists have addressed the issue (Cole 1990a, 1990b, 1993; Marion 

and others 1993; Marion and Sober 1987), most efforts to document the effectiveness of management 

actions have been completed by social scientists (Anderson and Manfredo 1986; Shelby, Whittaker, and 

Danley 1989; Shindler and Shelby 1993). To complement the understanding provided by social 

scientists, future efforts to identify the effects of management actions should include investigations by 

natural resource scientists. These efforts likely will require investigators to select research methods 

carefully if they are to differentiate between effects of the action and effects of other setting elements. 

The roles of a scientist within a policy process are complex. Although scientists provide the 

expertise necessary to assess and describe natural resource conditions, they also are stakeholders. 

Scientists have a stake in the areas where they complete research; they have a stake in the cultural 

values of natural resource professionals, values that may differ from those of other participants. Clearly, 

these two roles are difficult to balance. Regardless of the tensions between providing descriptions of 

conditions and participating in a policy process, scientists who recognize, grapple with, and incorporate 

implications of their roles are likely to produce greater understanding of those conditions, and contribute 

more to the policy process. 
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Materials and Methods 

Application of the campsite assessment methods occurred in Shenandoah National Park during 

the summers of 1992 and 1993. The methods are based on Marion’s (1991b) procedural manual, 

modified specifically for this work. Detailed procedures are found in Appendix B. 

Study Site 

Shenandoah National Park was established in 1935 when the U.S. Congress accepted 176,500 

acres (71,400 ha) from the General Assembly of Virginia. The park is managed under the Department 

of Interior, National Park Service. Currently, the park contains 195,363 acres (79,043 ha), of which 

79,579 acres (32,197 ha) are included in the National Wilderness Preservation System. Approximately 

41% of the park is federal Wilderness. Additionally, the National Park Service has established that 

97.7% of the park (191,000 acres, 77,238 ha) is most appropriately zoned as natural, one of four zoning 

classifications for National Park Service areas (USDI 1988b). The National Park staff estimates that from 

1983 to 1992, a yearly average of 41,900 visitors stayed overnight in the backcountry. This figure 

represents approximately 11% of the average total overnight visits at the park for the period (Figure 9). 

The most prominent feature of the park is the Skyline Drive section of the Blue Ridge Parkway. 

The Drive was constructed by the Civilian Conservation Corps during the 1930’s. It follows the 

ridgeline for most of its length in the park, providing a scenic through-road and offering many expansive 

views of the local area. Machlis and Dolson (1988) suggest that 85 percent of all visitors during the 

summer, and 89 percent of all visitors during the fall, stop at overlooks as an activity of their visit. This 

contrasts with three percent of summer visitors and two percent of fall visitors who participate in 

backcountry camping as an activity during their visit (Machlis and Dolson 1988). 

Conners (1988) provides a very thorough interpretation of the geology, flora, and fauna in 

Shenandoah National Park. The park sits astride a portion of the Blue Ridge Physiographic Province, 

part of the Appalachian Mountains. The topography of the park is often described as severe. The 

maximum elevation of the park is 4,050 feet, at the summit of Hawksbill Mountain in the central section 

of the park; the minimum elevation is 530 feet, at the northeast corner of the park. Steep lateral ridges 

extend from the crest of the Blue Ridge Mountains, and numerous waterfalls may be found throughout 

the park. Approximately 30 mountains within the park exceed 3,000 feet. 
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Figure 9. Overnight backcountry visits to Shenadoah National Park, 1976-1992. 
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The topography in the park naturally restricts camping in many areas for two general reasons. 

First, the park was not glaciated during the last ice-age, 18,000 years ago. Additionally, most of the 

streams in the park are classified as youthful, meaning that they have yet to reach a resistant base 

material. The lack of recent glaciation and the apparent youth of most streams has resulted in a 

predominance of steep-walled, narrow drainages with few flat areas to be found between the upper slopes 

of ridges and the lower slopes of drainages. 

Shenandoah hosts many species of plants and animals, including a large population of white 

tailed deer. Also, numerous black bear may be found throughout the park, along with a wide range of 

reptiles, birds, and insects. Vegetation contributes to Shenandoah’s character as well. Fall foliage of 

the park attracts many tourists each year, as do the spring wildflower and rhododendrum bloom. All of 

these populations of plants and animals have flourished since the park was established and the area began 

an ongoing process of recovery from strenuous human use. Where early successional growth of 

vegetation occurs, off-trail travel may be difficult because of a dense understory of briars, saplings, or 

weeds. 

Shenandoah contains several distinct types of forests (USDI 1990). Nine types have been 

identified specifically for a long term ecological monitoring project operated by park staff. Chestnut oak 

(Quercus prinus) is found in 49 percent of the park, often in drier areas with poor soils. Northern red 

oak (Quercus rubra) is found in 10 percent of the park, often in areas with medium forest site quality 

and good moisture conditions. The mixed type cove hardwoods are found in 15 percent of the park, 

often in areas differentiated by the unique landform of a protected cove. Yellow poplar (Liriodendron 

tulipifera) comprise 16 percent of the park, often in areas with good moisture conditions and well- 

drained, fertile soils. Black locust (Robinia pseudoacacia) is found in 4 percent of the park, often in 

areas that were previously grassland or severely disturbed. Pitch pine (Pinus rigida) comprises 3 percent 

of the park, often on poor quality soils. Virginia pine (Pinus virginiana) is found on 3 percent of the 

park, often in areas that had formerly been field or pasture. Eastern hemlock (7suga canadensis) is 

found in less than | percent of the park, often in protected coves with moist, cool environments. And, 

a special type classification has been established for unique or otherwise localized forest growth, such 

as eastern white pine (Pinus strobus) or rapidly declining black locust (Robinia pseudoacacia) stands. 

Several human-caused and natural ecological events continue to shape the Shenandoah ecosystem 

and landscape. Gypsy moth larvae or caterpillars (Lymantria dispar L.) have denuded large portions of 

the park since scientists first detected egg masses there in 1983. While in the caterpillar stage, the 
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insects eat the leaves of oaks, hickories, maples, and other species. These preferred species comprise 

an estimated 85 percent of the park’s trees (Conners 1988). Once the overstory leaves are denuded, 

shade-intolerant undergrowth begins to thrive. 

Another insect, the hemlock wooly adelgid (Adelges tsugae), is causing stress to hemlock trees 

in the park, denuding many trees in some of the hemlock ravines of the park. It may be assumed that 

understory growth also will be affected in these areas. 

A similar process of denudification and understory release occurs after a forest fire, depending 

on the intensity of the fire. Approximately three forest fires occur in the park during an average year 

(Conners 1988). Ecological scars from fires alter the composition of shade-tolerant and shade-intolerant 

vegetation. 

And, finally, air pollution has contributed to a decline in the area visible from the park and an 

increase in the acidity of rainwater and fog. Pollution may affect trees and, on days with exceptionally 

poor air quality, human health. 

Data Collection 

All backcountry campsites found in Shenandoah National Park were assessed using a 

multiparameter system of campsite monitoring adapted from Marion (1991b) (Figure 10). Project staff 

consisted of two Virginia Tech graduate students, three undergraduate students, and part time assistance 

from three volunteers of the Student Conservation Association assigned to the project by park staff and 

from a seasonal National Park Service employee in the South district. 

Surveyors located campsites with the assistance of park staff who supplied maps of campsites 

found during 1981, 1982, and 1983 (Marion and Haskell 1988). Park staff also directed surveyors to all 

areas known to have campsites. In general, two project staff were assigned to each of the three districts. 

Two additional staff supplemented the process during the second half of the summer. 

Detailed training and procedural manuals were adapted from earlier work in Shenandoah by 

Marion. Training of field staff occurred for one week in June. Field work occurred primarily during 

June, July, August, and September of 1992. Because of the linear configuration of the park, most field 

work was completed during day-long trips; however, several multi-day trips were completed as well. 

A census of the North and South Districts was completed during this period, and a census was 

predominantly completed of the Central District. An additional two weeks of work was done in the 

Central District during May of 1993 to finalize the census of the park. 
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STEP ACTION! 

I Locate Campsites. 

II Determine Appropriate Form: Form A for sites with bare 

soil, Form B for sites without bare soil. 

II Assess Administrative Location of Campsite. 

IV Assess Legality of Campsite. 

Vv Determine and Map Location of Campsite. 

VI Assess Environmental Characteristics of Campsite Location. 

VII Establish Boundary. 

Vil Assess Condition of Campsite Indicators within Boundary. 

IX Photograph Location of Buried Campsite Tag. 

X Measure Campsite Size. 

XI Measure Satellites and Islands. 

1. For a complete description of each action, refer to the assessment manual in Appendix B. 

  

Figure 10 Recreation site inventory process applied in Shenandoah National Park (adapted from Marion 

1991). 
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Materials 

Equipment required to complete the field portion of the survey included a peephole type 

compass. These compasses are not corrected for declination, eliminating a potential source of 

measurement error. Surveyors measured campsite area with a fifty or one-hundred foot tape measure 

(marked in tenths). They used flagged wire pins to temporarily delineate campsite boundaries, and 

placed a larger steel stake at the selected campsite centerpoint to fix the tape measure. Surveyors 

photographed campsites with 35mm SLR cameras fitted with 35mm lenses and loaded with ASA 1000 

color print film. Campsite centerpoints were permanently referenced with uniquely numbered aluminum 

tags attached to 4 inch galvanized steel nails buried two to three inches below ground level. When the 

campsites are remeasured, a magnetic pin locator will be required to detect the nail at the centerpoint. 

Campsites were mapped in the field on enlarged copies of USGS topographic maps (1:24,000). 

Survey Forms 

For the field portion of the project to be as efficient as possible, two separate inventory forms 

were employed. A detailed form was applied to all sites exhibiting bare soil; an abbreviated form was 

completed for all other sites. This approach, therefore, applied the detailed form to all sites with 

conditions likely to concern policy makers. This form, form A, required two surveyors approximately 

15-20 minutes to complete. The other form, form B, required less than five minutes to complete. It 

captured less specific information, although it continued to reflect general condition and location of the 

campsite. 

Locating Campsites 

To find the sites, the eight project staff hiked every trail and drainage in the park except those 

that showed no possible locations for camping according to maps and experienced park staff. While 

hiking, they followed every recognizable side path, including probable animal trails and stream drainages, 

until convinced that no campsites had formed in that area. Project staff also searched any flat area they 

saw on maps or spotted while hiking. Generally, surveyors looked for any flat areas near trails, 

especially locations near water or views. This search method reflects findings of earlier studies that had 

shown visitors tend toward such areas (Clark and Stankey 1986, Roggenbuck and Lucas 1986). 
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Inventory Methods 

When surveyors located a probable campsite, they determined whether the location qualified as 

a campsite according to the definitions of this project. For them to measure a campsite, project staff had 

to conclude that a boundary existed between the interior disturbed area of the site and the undisturbed 

area beyond. All indicator conditions were assessed only within the established boundary of the 

campsite. Fixing the area of interest within campsite boundaries was intended to increase the precision 

of assessments. The complete manuals for this project appear in Appendix B of this document. 

Certain data was most efficiently collected following the field work. Most data of this type was 

collected from USGS maps. Campsite location data noted in the field were transferred to full-scale 

USGS maps (1:24,000). Density related data, such as the number of campsites within a tenth of a mile 

radius of each individual campsite, were collected from these maps following the field season. 

Data Analysis 

Data from the assessments were entered into a computer database using dBase II] and dBase IV 

programs. The information was then transferred to the personal computer version of the Statistical 

Package for the Social Sciences-- SPSS-PC (Norusis and SPSS Inc. 1990). Analysis includes descriptive 

statistics desired by Shenandoah National Park managers and pertinent to recreation ecology. 

Traditional analysis of campsite assessment data emphasizes description of indicators, a very 

different emphasis than one on campsites. However, literature from the field of policy sciences, where 

investigators also report data from survey assessments, recommend an emphasis on cases, rather than 

discrete indicators (Brunner and others 1987). For recreation ecology, the techniques from policy 

sciences reintegrate campsites, instead of emphasizing the component parts. Descriptive analysis occurs, 

as with the traditional approach, but only after types of campsites have been identified by their similarity. 

The statistical method underlying Brunner and others’ (1987) work is cluster analysis. An additional 

benefit anticipated from cluster analysis is an improvement in a policy maker’s understanding of the data 

presented. By applying the cluster analysis techniques, both investigators and policy makers will better 

comprehend relationships between indicators. 

To apply Brunner and others’ (1987) methods, all campsites with bare soil were submitted to 

cluster analysis of 12 ratio scale indicators of campsite condition. No interval scale indicators influenced 

cluster assignment (Norusis and SPSS Inc. 1990). To discern the indicators that contributed the most 

to forming the clusters, results from this analysis were submitted to discriminant analysis (Hintze 1990). 
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Each cluster group was then reviewed and described according to distinguishing condition and location 

indicators. 

Assessment of Measurement Technique 

Measurement techniques were assessed to establish an understanding of the relative magnitudes 

of error variation. The assessment was completed toward the middle of the project because it was 

assumed that surveyors require experience to establish an individual technique. Five surveyors 

independently assessed five campsites on the same day. Surveyors were instructed to establish a 

centerpoint, define a boundary, and assess the campsite. Eighteen indicators were assessed. Eight 

additional indicators were calculated from these field measurements for a total of twenty-six indicators 

(Table 1). The experimental design reported here consists of a factorial analysis-of-variance blocked 

within campsites so as to contro] the effects of unique campsites. With such a design, the later two 

sources of variation-- campsite-rater interaction and inescapable measurement _ error-- are 

indistinguishable and are reported as a single error term (e). 

Techniques of generalizability theory were applied to analyze the data. The statistical program 

SAS contains a procedure called VARCOMP that allows one to complete a factorial ANOVA analysis 

by individual indicators if the data has been sorted by those indicators. The facets of interest become 

campsite and rater. Campsites are the objects of measurement and raters are conditions controlled by 

the method. This procedure allows an investigator to identify the variation attributable to changing raters 

and campsites, as well as unexplainable variation. By following equations provided by Shavelson and 

Webb (1991), variance component figures were estimated for studies with one, two, four, and eight 

raters. The relationship between these variance components and the number of raters illustrates the 

improvement in precision and consistency that may be obtained with corresponding research designs. 

Though raters established individual campsite boundaries, and in some cases those boundaries 

produced sizeable differences in the area assessed, variation in the values reported for certain indicators 

reflect the methods applied during this study. No correction efforts are necessary or appropriate. Eight 

indicators assessed are independent of campsite boundaries, so no confounding of the two possible 

sources of difference occurs. During future studies, when the previous boundary is reestablished and the 

criteria of a compelling reason for changing the position of the boundary flags is applied, the G-theory 

results are expected to be different. 
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assessment. 

Table 1. Indicators surveyed during Shenandoah National Park backcountry campsite rater precision 

  

  

  

  

  

  

  

  

    
  

  

  

  

  

  

  

  

    
  

  

  

  

  

  

  

  

      

VARIABLE # INDICATOR DESCRIPTION 

* 1 | Aspect (degrees) 

* 2 | Forest Cover Type (categorical) 

* 3 | Tree Canopy Cover, Branch (%) [undefoliated coverage] 

*4 | Tree Canopy Cover, Leaf (%) [actual foliation] 

* 5 | Condition Class (categorical) 

6 | Vegetative Ground Cover On-site (%) 

* 7 | Vegetative Ground Cover Off-site (%) 

* 8 | Soil Exposure (categorical) 

9 | Tree Damage-- none-slight (#) 

10 Tree Damage-- moderate (#) 

11 Tree Damage-- severe (#) 

12 } [trees with] Root Exposure-- none-slight (#) 

13 Root Exposure-- moderate (#) 

14 Root Exposure-- severe (#) 

15 | Tree Stumps (#) 

16 | Fire Sites (#) 

° 17 | Trails (#) 

18 | Total campsite area (sq ft) 

19° | Vegetation Lost (categorical difference) 

20° | Percentage of Vegetation Lost [(vegoff%-vegon%)] 

21° | Area of Vegetation Lost [(vegloss%)*totarea] 

22° | Trees (summary count) 

23° | Percentage of Damaged Trees [(#10+#11)/#22] 

24° | Percentage of Trees with Exposed Roots [(#13+#14)/#22] 

25° | Percentage of Exposed Soil (%) 

26° | Area of Exposed Soil [(Soil%)*totarea)]       
  

Variables calculated from assessment. 
Variables that are independent of campsite boundaries. 
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Rater Precision Study Results 

The precision of raters reflects the consistency with which different raters assess the same 

indicator of an unchanged campsite. With such a measure, an investigator may extrapolate to a larger 

campsite survey conducted by the same raters, gauging the variation attributable to campsites, raters, 

campsite-rater interactions, and random or unidentified sources of variability referred to as error. An 

investigator may also extrapolate to a later study, establishing more definitely the amount of reported 

change that must occur for that change to be considered actual. 

Analysis-of-variance tables for each indicator assessed during the generalizability study appear 

in Appendix D where a table for each indicator includes the variance component value, the variance 

percentage value, and the precision estimates (Rho’ and Phi) associated with a single rater assessing a 

single campsite. These precision estimates are those associated with the monitoring method applied 

during this study. 

D-studies are extensions of G-studies. With a D-study, an investigator estimates the precision 

values associated with various numbers of raters assessing a campsite. Appendix E contains five D- 

studies for each indicator, illustrating the levels of precision associated with one, two, four, six, and eight 

raters assessing individual campsites. 

Interpretation of G-study Results 

Variance percentage values reflect the percentage of overall variance attributable to each study 

component (campsites, raters, and error [e]). An example appears in Table 2. Percentage values are 

derived from the variance value produced for each indicator with an ANOVA procedure. Variance 

values also allow an investigator to complete decision studies and estimate levels of precision associated 

with experimental designs incorporating multiple rater assessments of campsites. Shavelson and Webb 

(1991) provide a thorough discussion of variance components from which the following interpretations 

are adapted. 

The variance component for raters reflects the expected difference between the indicator value 

reported by a randomly selected rater of a campsite and the mean of indicator values expected to be 

reported by all possible raters of a campsite. This component, then, reflects consistent and systematic 

agreement among raters of the same campsite for a particular indicator. A low percentage of variation 
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Table 2. Example of Analysis of Variance table from generalizability study (VARCOMP and VAR% 

Area of columns) and decision study (columns DI-D8) of campsite condition indicator. 

vegetation lost serves as the indicator. 
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attributable to raters reflects low variation among raters and consistent, systematic agreement; a high 

percentage, on the other hand, reflects high variation among raters and consistent, systematic 

disagreement. 

The campsite variance component reflects how well a single rater’s assessment distinguishes 

between different campsites. This component explains how much of the variation is attributable to 

systematic differences between campsites. A high percentage of variance attributable to campsites shows 

that raters with similar levels of training will consistently distinguish between campsites; a low 

percentage of variance means that individual raters do not distinguish well between different campsite 

conditions. This figure is an important consideration for subsequent monitoring iterations. If it is 

difficult for raters to distinguish between campsites for a certain indicator, then it will also be difficult 

to distinguish between a changed condition and an unchanged condition of that indicator. The percentage 

of variance attributable to campsites, then, is evidence of the difficulty raters will have discerning 

between campsite indicator conditions at different times. 

The variance component for error, reported as e, reflects unmeasured sources of variability, some 

interaction between campsites and raters, or a combination of both. An interaction likely means that the 

relative standing of an indicator differs from rater to rater. The less systematically raters assess 

indicators, the greater the e variance component. The error component, then, reflects variance not 

attributable to raters or campsites. 

Taken in conjunction, the three variance components reveal the precision associated with the 

particular methods applied to assess campsites, including training techniques, indicator condition 

definitions, and the number of raters. A preferred indicator will be one that raters consistently agree 

about the value, are able to distinguish between campsites, and any disagreement among raters is 

systematic. Indicator preference is associated with the precision with which raters assess an indicator. 

An investigator may derive a single measure of precision during D-studies. 

Interpretation of D-study Results 

In addition to demonstrating an ANOVA table for a G-study, Table 2 illustrates the levels of 

precision that may be attained by one, two, four, six, or eight raters assessing the area of vegetation lost 

on a single campsite. Shavelson and Webb (1991) recommend precision estimate values of greater than 

(0.80) to achieve a reasonable level of precision. For the indicator area of vegetation lost illustrated 

in Table 2, an assessment method with single raters surveying single campsites, this reasonable measure 
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of precision is surpassed. When raters with equivalent training assess this indicator, the resulting data 

may be interpreted as quite precise. 

An alternative interpretation of D-study results, proposed here, is to consider (rho*) and (phi) 

as measures of relative and absolute confidence. By subtracting each value in turn from one and 

multiplying the result by the reported indicator value, an investigator produces a measure of the range 

above and below the reported value that should be considered equal to that value. When a later 

assessment returns a new value for the indicator, that value must lie beyond the range of confidence for 

an investigator to consider the value as truly different. 

Data from Table 2 provide an example of this proposed interpretation applied to a relative 

decision. The table reports a (rho’) value of (0.878) for raters assessing area of vegetation lost. This 

value subtracted from one yields a value of (0.122). When multiplied by the area of vegetation loss 

reported at any campsite, the (0.122) value will produce a measure of the range within which values 

should be considered equal. A campsite with 100 square feet of vegetation lost has a confidence range 

of slightly more than 12 square feet, so, when one is making a relative decision comparing two 

campsites, the other campsite should only be considered different for this indicator if it has more than 

112 square feet or less than 88 square feet of vegetation lost. 

Aggregations of campsites should not change this value. It was derived with an experimental 

design that measures confidence associated with multiple raters assessing single campsites, so only 

additional raters would produce a tendency toward a central mean. Additional campsites would not affect 

any central tendency toward a mean for this value. Accordingly, the average area of vegetation lost for 

any aggregation of campsites must also change by (0.122) times the area. 

Such an approach also applies to indicators measured in percentages or with summary counts, 

as with percentage of vegetation cover or counts of damaged trees. One would expect to recognize a 

proportional change when that proportion is beyond some minimum value. The precision estimates-- 

(rho?) and phi-- provide a measure of that minimum proportional value. When assessing indicators with 

percentage units, one would expect to distinguish between 10 and 20 percent more easily than between 

70 and 80 percent. And, likewise, when assessing indicators with tallies, one would expect to distinguish 

between two and four more easily than between eight and ten. Literature of G-theory suggests that this 

interpretation of (rho’) and phi is appropriate (Brennan and Kane 1977), although no parallel applications 

were found. 
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Summary of Rater Precision Study Results 

A summary of results from the investigation of campsite rater precision is reported in Table 3. 

Indicators are listed in descending order according to (rho*) values. Higher values represent greater 

measurement precision. Results from one indicator assessed in the field, aspect, escapes interpretation, 

likely because the values reflect a circular sequence, not a linear one. These results were dropped from 

this table. 

Higher rankings of indicators are associated with variance percentages that are low for raters, 

high for campsites, and low for error. This is interpreted as little systematic differences between raters, 

great ability of raters to discern between different campsites, and little variation not attributable to either 

raters or campsites. The average (rho’) value for the 25 indicators assessed is (0.565), reflecting the 

average degree of precision for a relative decision that compares campsites. The average (phi) value for 

the 25 indicators is (0.497), reflecting the degree of precision for an absolute decision that compares an 

indicator value against a standard. When compared to Shavelson and Webb’s (1991) preference for 

precision values greater than (0.80), these average values suggest a low degree of precision is associated 

with the current assessment techniques. 

Differences between types of indicators are apparent. Of the nine indicators with the highest 

(rho*) values, four (44%) reflect rater assessment of vegetation cover on or off the campsite. Of the 12 

indicators with the lowest (rho*) values, however, seven (58%) reflect rater assessments of trees with 

either some level of damage or some level of root exposure. Apparently, raters are more likely to agree 

consistently about vegetation cover than they are to agree about tree conditions. 

An interesting pattern of agreement occurs with two indicators of bare soil. Although raters 

disagreed strongly about the percentage of bare soil found on campsites, they agreed remarkably about 

the area of bare soil, a value produced by multiplying the percentage of bare soil by the total site area. 

This pattern is explained by the lack of systematic agreement associated with rater’s assessment of the 

percentage of bare soil (e = 48.423). In contrast, both the total area and exposed soil values are 

associated with relatively low non-systematic variance percentages, as reflected by error (e) term values 

of 20.315 and 20.931 respectively. 

Several indicators showed no variation attributable to raters. This does not mean that raters 

always reported the same indicator value at all campsites. Instead, it means that any variation was 

associated with either changing campsites or was not systematic. Analysis-of-variance associates 

Rater Precision Study Results Peter B. Williams 113



Table 3. Variance percentages attributable to campsites, raters, and error (e) along with relative (Rho’) 

and absolute (Phi) precision estimates for 25 of 26 indicators assessed at Shenandoah National 

  

  

  

    
  

  

  

  

  

    
  

  

  

  

  

  

  

  

    
  

  

  

  

  

  

  

                  
  

  

Park. 

errr reer eee eee ere eee errr ree ee 

Indicator Variance percentage Precision” 

R C e (Rho)? Phi 

Vegetation loss, area 1.146 86.780 12.073 0.878 0.868 

Vegetation off site 1.622 77.297 21.081 0.786 0.773 

Fire sites 0.000 78.309 21.69} 0.783 0.783 

Trees, number on site 0.000 77.321 22.679 0.773 0.773 

Total area 15.253 64.432 20.315 0.760 0.644 

Exposed soil, area 17.167 61.902 20.931 0.747 0.619 

Trees with No Damage 12.788 61.426 25.786 0.704 0.614 

Vegetation loss, percentage 2.287 68.378 29.335 0.700 0.684 

Vegetation on site 6.849 61.644 31.507 0.662 0.616 

Stumps 0.000 62.931 37.069 0.629 0.629 

Tree canopy cover, branch (hypothetical) 31.579 42.105 26.316 0.615 0.421 

Soil exposure 24.923 43.385 31.692 0.578 0.434 

Condition Class 0.000 55.357 44.643 0.554 0.554 

Damaged trees, percentage 28.796 37.967 33.236 0.533 0.380 

Vegetation loss, category 5.796 50.000 44.231 0.531 0.500 

Trees with Severely Exposed Roots 10.638 44.681 44.681 0.500 0.447 

Trees with Moderate Damage 7.538 43.719 48.744 0.473 0.437 

Trees with Moderately Exposed Roots 20.917 36.963 42.120 0.467 0.370 

Trees with exposed roots, percentage 34.856 30.138 35.008 0.463 0.301 

Tree canopy cover, leaf (actual) 17.949 33.333 48.718 0.406 0.333 

Forest cover type 7.143 35.714 57.143 0.385 0.357 

Trees with Severe Damage 23.529 29.412 47.059 0.385 0.294 

Exposed soil, percentage 23.587 27.991 48.423 0.366 0.280 

Trails 26.967 20.000 53.043 0.274 0.200 

Trees with No Exposed Roots 36.102 11.821 52.077 0.185 0.118 

Average values 14.297 49.720 35.984 0.565 0.497 

* Precision estimates reflect a single rater assessing a single campsite. 
a 
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variation that is not systematic with either an interaction or an undefined source of variation. These two 

possible sources of variation are indistinguishable with the experimental design applied during this work. 

D-study results for multiple rater applications appears in Appendix E. From these figures, 

investigators may determine the precision achieved by various numbers of raters. A sample of campsites 

assessed by multiple raters, then, will provide precise measurements of the average indicator value for 

the population as long as the investigator selects the sites in such a way as to be willing to exchange a 

site with any other site from the population (Shavelson and Webb 1991). 
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Campsite Assessment Results 

Results from the assessment of backcountry campsite conditions in Shenandoah National Park 

contains descriptions of the full population of campsites in the park. Each primary indicator of campsite 

location, physical condition, and legal status according to existing park regulations is presented in turn, 

with conditions found at the backcountry cabins and huts presented separately. Following Brunner and 

others’ (1987) argument, the paper also presents seven campsite types, identified according to similarities 

among condition indicators. These types are based upon the premise that survey results are more 

understandable when emphasizing similar aggregate characteristics of cases, rather than focusing on 

individual characteristics. Adapted to campsite survey data, this emphasis reintegrates campsite condition 

indicators, whereas an emphasis on individual indicators diverts attention from the campsite as a whole, 

leading to a disjointed understanding of campsite conditions. 

The census of backcountry campsites within Shenandoah National Park located and assessed 743 

sites, including 725 campsites, 12 shelters, and 6 cabins. Appendix E contains several tables illustrating 

the distribution of campsites among each of the five opportunity classes established by Backcountry 

Rangers for the three administrative districts within the park. This population of campsites contains 220 

(30 percent) that exhibit indications of bare soil and were assessed using the longer form A. Of these 

sites, 166 were condition class three, 67 were condition class four, and three were condition class five. 

More detailed information was gathered at these sites because the relationship between exposed soil, 

frequency of visitation, resource conditions, and aesthetic conditions tends to focus policy decisions on 

sites with these associated characteristics. Because of time restrictions at the end of the 1992 field 

season, 16 campsites (two percent of the total number) with bare soil were assessed using the shorter 

form, bringing the number of campsites with bare soil to 236 (32 percent of the total number). 

No bare soil was found at 66 percent (488) of the sites assessed. These sites were surveyed 

using the abbreviated form B. Of these sites, 158 were condition class one and 330 were condition class 

two. Additionally, 18 backcountry cabins and huts were assessed (2 percent of the total number). 

Campsites are distributed among the three administrative districts of Shenandoah National] Park. 

The North District contain 88 campsites (12 percent of the park total), including 14 sites with some 

degree of bare soil (16 percent of district total), 70 sites with no evidence of bare soil (80 percent of 
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district total), and four cabins or huts (five percent of district total, 22 percent of the total number of 

cabins or huts in the park). 

The Central District contains 316 campsites (43 percent of the park total), including 69 sites with 

evidence of bare soil (22 percent of the district total), 221 sites with no bare soil (70 percent of the 

district total), 16 sites with bare soil that were assessed using the shorter form (five percent of the district 

total), and ten cabins or huts (three percent of the district total, 56 percent of the total number of cabins 

or huts in the park). 

The South District contains 339 sites (46 percent of the park total), including 188 sites with 

exposed bare soil (41 percent of the district total), 197 sites with no exposed soil (58 percent of the 

district total), and four cabins or huts (one percent of the district total, 22 percent of the total number 

of cabins or huts in the park). 

The number and distribution of campsites is quite different from those reported from the 1981- 

1983 survey. A tabular comparison appears in appendix E. Most dramatic is the relative decrease in 

overall number of campsites, especially when compared with the increase in percentage distribution of 

campsites among the three administrative districts. Interpretation of these changes is difficult. 

Assessment methods for this study are different from those of the previous effort; the procedures for 

locating the sites, however, remain quite basic, so the change in overall numbers appears to be quite real. 

It remains unclear, though, whether consistent accounting occurred during the previous effort. 

Inconsistent accounting might explain the dramatic change in distribution among the three districts. 

At least two possible explanations exist for the overall change. One explanation for this 

plausible change is that a decrease in the numbers of campers occurred, but visitation has not changed 

as dramatically as the numbers of campsites would suggest (Figure 9). Alternatively, an increase in the 

numbers of campers repeatedly camping on the same locations may have occurred. Such a change in 

camping habits might explain the reduction in campsite number better than a change in the number of 

visitors; there is, however, no confirmation of this possibility. 

Campsites are also distributed among five opportunity classes in the park, areas determined by 

park managers to offer similar recreation opportunities for backcountry visitors. Primitive wilderness 

areas contain 109 sites (15 percent of the park total), including 87 sites (80 percent of these sites) 

exhibiting no exposed soil. Primitive non-Wilderness areas contain 28 sites (four percent of the park 

total). Semi-primitive Wilderness areas contain 292 sites (39 percent of the park total), including three 

cabins or huts and 107 sites with exposed soil (37 percent of these sites). Threshold areas, where most 
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activities outside of Wilderness occur, contain 179 sites (24 percent of the park total). The corr:dor 

associated with the Appalachian Trail contains 135 sites (18 percent of the total for the park), including 

ten of the cabins and huts (56 percent of the total number of cabins and huts). 

Campsite Location 

Of the 220 sites with exposed soil, most are located at the foot of a slope (66 percent of these 

sites) and close to a creek for a water source (81 percent of these sites), most often within 100 feet (64 

percent of these sites). These campsites are distributed among five forest types (USDI 1990). Most are 

in the cove hardwood type (77 sites, 35 percent) or the eastern hemlock type (59 sites, 27 percent), 

though two other oak forest types account for another 64 sites (29 percent). The typical site with bare 

soil (126 sites, 58 percent) also has between 63 percent and 86 percent canopy cover. Most of these sites 

(119 sites, 54 percent) also show no signs of defoliation. However, a number of sites (62 sites, 28 

percent) exhibit at least 22 percent defoliation, as might be caused by either gypsy moth or hemlock 

wooly adelgid infestation. Anecdotal evidence based on undocumented observations from 1994 suggests 

that increased defoliation from these sources likely has altered these figures. This forest canopy cover 

information should be considered suspect because of the low precision of raters, shown during G-studies 

and D-studies and reported earlier in this paper. The low precision was most often due to raters not 

distinguishing between different campsites and not agreeing about conditions. 

Elevations of campsites range from 1050 feet to 3600 feet. Most campsites (56 percent) are 

found at elevations less than 1800 feet, but a number of sites (35 percent) are found at elevations 

between 1800 and 2800 feet. No generalizability study was conducted for this indicator. 

The location of campsites relative to trails and other campsites was assessed by establishing the 

distance of the site from the nearest trail when less than a five-minute walk and by counting on a map 

the number of other campsites found within a radius of one-tenth of one mile, an area of about 20 acres. 

The distance of a site from the nearest trail ranged from five feet to 1200 feet, with most sites less than 

140 feet (50 percent). Many sites (186 sites, 25 percent), however, were within 65 feet of a trail. The 

numbers of other sites within one-tenth of one mile ranged from zero to 17. Most sites (47 percent) have 

two or less other sites in the surrounding 20 acres. However, 87 sites (9 percent) have eight or more 

sites in the same surrounding area. No generalizability study was conducted for these indicators. 
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Campsite Condition 

Backcountry campsite condition was assessed according to site size, several indicators of 

vegetation condition, and several indicators of soil exposure. Site size ranged from 24 square feet to over 

3000 square feet, not including cabins and huts. Most sites (51 percent) were less than 256 square feet 

(a square area 16 feet on a side), including 119 sites (16 percent of the total) that were less than 100 

square feet. However, 218 sites (30 percent of the total) were greater than 400 square feet, including 

51 sites (7 percent of the total) that were greater than 1000 square feet. When making relative decisions 

involving site size, a difference of 24 percent must exist if the difference is to be considered actual; for 

an absolute decision, a difference of 36 percent must exist. These figures reflect a remarkably high level 

of precision when measuring site area for the first time. Subsequent measurements, following Marion’s 

(1991) procedures, are expected to produce even greater precision because the initial measurements, 

reported here, provide a baseline. 

For the 220 campsites with evidence of bare soil, vegetation conditions were assessed according 

to the difference between vegetation cover within campsite boundaries as compared to similar adjacent 

vegetation. This difference is reported as a percentage of vegetation lost and as the area of vegetation 

lost. Several sites (27 sites, 12 percent) exhibited a gain in vegetation cover, most often due to the 

appearance of moss; 59 sites (27 percent) showed no change in the percentage of vegetation cover; 66 

sites (30 percent) showed a change of more than zero but less than 25 percent; and 27 sites (9 percent) 

lost more than 70 percent of the original cover. 

The change in the area of vegetation ranged from a gain of over 600 square feet to a /oss of over 

2500 square feet, a range of over 3200 square feet. Most sites (51 percent) lost less than 50 square feet. 

The 27 sites (12 percent) that gained vegetation include 17 that gained more than 100 square feet. Of 

those that lost vegetation, 44 sites (20 percent) lost more than 225 square feet. For both of these 

indicators, the G-study and D-studies revealed that raters were quite capable of distinguishing between 

sites and agreed consistently about the percentage and amount of vegetation lost. 

Soil conditions were assessed according to the difference between soil exposure within campsite 

boundaries as compared to similar adjacent areas. This difference is reported as the percentage and area 

of exposed soil on a site. Of the 220 sites with exposed soil, 154 sites (70 percent) exhibited less than 

40 percent exposed soil; 36 sites (16 percent), however, showed more than 85 percent exposed soil. The 

area of exposed soil ranged from two square feet to 2600 square feet. Most sites (50 percent) have less 

than 140 square feet of exposed soil; however, 20 sites (9 percent) have more than 600 square feet, and 
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Six sites (3 percent) have more than 1000 square feet. For both of these indicators, the G-study and D- 

studies revealed that raters were quite capable of distinguishing between sites and agreed consistently 

about the percentage and amount of soil exposed. 

Soil loss is also indicated by the number of trees within the campsite boundary with exposed 

roots. Raters found no trees on 52 sites (24 percent). Of the remaining 168 sites, 101 sites (60 percent) 

have no trees with exposed roots, 14 sites (9 percent) have exposed roots on less than 20 percent of the 

trees, and 17 sites (8 percent) have exposed roots on more than 67 percent of the trees. This information, 

however, is tentative because raters showed poor precision when assigning trees to categories of root 

exposure, even when the three original categories were collapsed to form two-- number of trees with 

exposed roots and the number with no exposed roots. 

Campsite condition is also reflected by the number of trails extending from the site’s perimeter 

and the number of fire rings, the number of stumps, and the number and percentage of damaged trees 

within campsite boundaries. These indicators were assessed at all sites with exposed soil (220 sites). 

Most of these sites (56 percent) have two or fewer trails extending from the boundary, 92 percent have 

four or less trails, and nearly all sites (99 percent) have less than six trails. One site, however, has 11 

trails. Confidence in the precision of data for this indicator is exceptionally low because raters tended 

to disagree in an inconsistent manner. A change of more than 72 percent is necessary before a change 

may be accepted as actual. 

Fire sites were found on most sites (66 percent), and 13 sites (6 percent) had more than three 

fire sites. No campsite had more than five fire sites. Confidence in the precision of this data is quite 

high because of consistent rater agreement. A 22 percent change may be considered an actual change. 

Stumps were found on many sites (39 percent), though most (92 percent) have two or fewer 

stumps. One site has 12 stumps. Confidence in the precision of this data is good. Raters agreed often, 

but their decisions showed no pattern of variation. A 37 percent change is sufficient to conclude that 

the change is real. 

Tree damage was found on 48 percent of the sites with exposed soil. Of the remaining sites 

with no tree damage, no trees were found on 52 of these sites (24 percent). Most sites with exposed soil 

(60 percent) have two or fewer trees; damaged trees, however, are present on many of these sites (46 

percent), with damage split evenly between moderate (63 sites) and severe (68 sites) categories. Most 

sites (50 percent) have damage to less than 20 percent of the trees within the site’s boundaries, but 30 

sites have damage on more than 66 percent of the trees within the site’s boundaries. The rater precision 
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assessment confirmed tree damage as a poor indicator. Although raters agree consistently about the 

number of trees at a site, they disagree greatly about whether and to what degree a tree is damaged. A 

substantial change (>62 percent) must occur in the number of damaged trees before one making an 

absolute decision can confidently conclude that the change is real. 

Campsite Legality 

The legal status of each backcountry campsite (725 sites, no cabins or huts) was assessed 

according to six regulations in effect at the park-- distance from water (reported earlier), distance from 

developed park area, distance from paved roads, visibility from a trail, the presence of a "no camping" 

post, and whether evidence of horse-riding was present. Most sites (68 percent) were illegal by at least 

one regulation. Very few sites (3 percent), however, are illegal by three or more criteria. The most 

common regulation violated is to camp out-of-sight from a trail. Most campsites (56 percent) are within 

sight of a trail. Also, 187 sites (25 percent) are within 25 feet of water, 41 active sites (6 percent) have 

"no camping” posts present, 33 sites (5 percent) are within 250 yards of a paved road, and 31 sites (4 

percent) are within one-half mile of a developed park area. Only one site exhibited indications of horse- 

riding. No generalizability study was conducted for these indicators. 

Cabins and Huts 

The 18 cabins and huts are reported separately from campsites. Most cabins and huts (67 

percent) are positioned toward the middle of a slope, have a spring for a water source (67 percent), and 

the water is within 200 feet of the location (82 percent). Also, most are in an oak forest (78 percent), 

have less than 15 percent canopy cover (72 percent), and have no defoliation occurring (67 percent). 

The area of disturbance for most cabins and huts (50 percent) is greater than 2000 square feet. 

Two of these are greater than 7400 square feet. All locations exhibit a loss of vegetation, including 

seven that have lost more than 70 percent of the original cover. One-half of the cabins and huts (49 

percent) have lost an area of vegetation larger than 1000 square feet and many (40 percent) have an area 

of exposed soil greater than 1000 square feet. Most cabins and huts (55 percent) have trees within the 

site boundaries that have damage. Most sites (61 percent), however, have less than three trees. 

Types of Backcountry Campsites 

Of the sites with exposed soil (220 sites), seven distinct types of backcountry campsites are 

present in the park. These types were determined with a clustering algorithm (Hintze 1990) such that 

each member of a cluster was more similar to others in the cluster than to members of other clusters. 
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Twelve ratio-numeric indicators of campsite condition were selected to form the clusters-- areca and 

percentage of vegetation lost, area and percentage of exposed soil, the total area, the number and 

percentage of trees with damage or exposed roots, and the number of stumps, fires, and trails. Average 

values for each variable within each grouping is presented in Table 4. Discriminant analysis reveals that 

the types are distinguished primarily by the percentage of trees with exposed roots (F-value = 53.6), 

followed by the percentage of exposed soil (F-value = 46.9), the area of exposed soil (F-value = 23.5) 

and the area of vegetation lost (F-value = 16.2). Each of the other indicators also contributes to the 

distinct qualities of the clusters (F-values > 2.5). 

Sites encompassed by the first type (21 sites) are characterized by a significant loss of original 

vegetation cover (70 percent, 567 square feet). The average size of these sites is 875 square feet with 

extensive bare soil (51 percent, 369 square feet). Each site typically has between one and six trees (48 

percent). Of these trees, typically one is damaged and one has exposed roots. An average of more than 

three trails (3.2) exit the boundary of these sites. Most sites (53 percent) in this type have one or two 

other sites within a radius of one-tenth of one mile. Generally, these sites are large, quite different from 

surrounding areas, and not concentrated. 

Sites in the second type (34 sites) are characterized by a moderate loss of vegetation (23 percent, 

78 square feet). The average size of these sites is 370 square feet with extensive bare soil (78 percent, 

290 square feet). These sites often have one or less trees (62 percent), of which 44 percent are damaged 

and 14 percent have exposed roots. Two trails typically exit the boundaries of these sites and most sites 

(56 percent) have between two and five other sites within a radius of one-tenth of one mile. These sites 

are generally small, close together, and quite different from surrounding areas. 

The third type encompasses the most sites of the seven types (97 sites). Sites of this type are 

quite evenly distributed among all the Opportunity Classes, comprising the largest percentage in each 

Class. They typically have lost little vegetation (12 percent, 43 square feet) and are smaller (345 square 

feet) than campsites found in any of the other types. The sites also have markedly less exposed soil (20 

percent, 73 square feet). Most of these sites (54 percent) have one or fewer trees within its boundaries. 

Most (64 percent) also have between three and eight other sites within a radius of one-tenth of one mile. 

Generally, these sites are small, close to other sites, and more similar to the surrounding areas than those 

of other types. 

Sites in the fourth type (36 sites) have gained some (3 percent) vegetation, usually moss. The 

average site is 763 square feet with some bare soil (30 percent, 241 square feet). Most sites of this type 
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Table 4. Seven clusters of 220 campsites found with bare soil in Shenandoah National Park. Cluster 

membership based on similarity of overall campsite condition documented with individual 

indicators. 
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(50 percent) have between two and five trees, of which two are usually damaged. More than one st: ip 

(1.7) is likely to be found on this type of campsite. Most sites (61 percent) have between two and six 

other sites within a radius of one-tenth of one mile. An average of nearly four trails (3.7) exit the 

boundaries of these sites. Generally, these sites are large, close to other sites, different from surrounding 

areas, often with more vegetation. 

Sites in the fifth type (25 sites) typically have lost some vegetation (20 percent, 116 square feet). 

The average site size is 749 square feet with substantial bare soil (51 percent, 374 square feet). Most 

of these sites (84 percent) have between one and four trees, of which one is often damaged and 

approximately two (1.8) have exposed roots. These sites typically have two trails exiting the boundary 

and between four and eight other sites within a radius of one-tenth of one mile. Generally, then, these 

sites are close to several other sites, large, and similar to the surrounding area. 

Sites in the sixth type (3 sites) are characterized by having lost large amounts of vegetation (55 

percent, 1441 square feet). These sites are large (2461 square feet) with dramatic exposure of soil (78 

percent, 1944 square feet). With so few sites, average indicator values become less meaningful because 

the ranges are so broad. Generally, though, these sites are large with extensive soil and vegetation loss. 

Sites in the seventh type (4 sites) are characterized by far Jess vegetation loss (31 percent) and 

soil exposure (734 square feet) than those in the sixth type. All of these campsites are located in the 

eastern Hemlock forest type where less ground vegetation and more organic deposition (from falling tree 

needles) occurs. The average size for sites in this type (2416 square feet), however, is quite similar to 

that of the previous type. Again, though, the smal] number of cases makes average values for other 

indicators less meaningful. Generally, these sites are large and less different from off-site areas than 

those sites encompassed by the sixth type, a characteristic likely associated with forest type location. 
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Recommendations 

This research demonstrates contemporary methods for assessing the condition of backcountry 

campsites as part of an LAC process. Drawing from many academic fields, it provides a detailed critique 

of those methods and explores some associated implications within such a policy process. 

Recommendations begin with the specific case of Shenandoah National Park, move to the research design 

changes inferred by generalizability theory and decision studies, then to indicator selection and standard 

setting as part of an LAC process, and finally conclude with broad comments concerning natural resource 

science and policy. 

Shenandoah National Park 

Policy for managing backcountry camping at Shenandoah National Park has promoted camper 

dispersal since the middle 1970’s. Under ideal conditions, one expects this single strategy approach to 

produce many locations where camping occurs, though relatively few sites will have the distinct 

boundaries necessary for campsite assessment. Such a situation does not exist in Shenandoah National 

Park. Results reported here show that many campsites out of the total population (220 of 743 sites, 30%) 

contain marked change in vegetation and soil conditions compared to conditions assumed to exist without 

camping. The distribution of campsites among the five condition classes defined for this project (158 

class one, 330 class two, 166 class three, 67 class four, and 3 class five sites) suggests that the tendency 

of campsite conditions is toward the middle of the scale. 

A more successful application of a dispersal policy might produce progressively greater 

proportion of sites in each condition class as one approached the lower end where conditions become 

increasingly similar to those expected if camping did not occur. Furthermore, most sites (56 percent) 

are within sight of a trail. However, these findings do not necessarily imply a failed policy. Most 

campsites (488 sites, 66 percent) exhibit no bare soil, even though the terrain of Shenandoah National 

Park naturally restricts camping to the limited available flat ground. Furthermore, of the seven clusters 

of campsites with bare soil, the one with the largest number of campsites exhibits relatively low amounts 

of change for each indicator. 

One must consider, however, that not all visitors seek the experience promoted by a dispersed 

camping strategy. Although managers often select a camping dispersal strategy to promote resource 
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protection, the strategy may be contrary to the abilities or intentions of some portion of the visitor 

population. For example, some visitors likely have limited experience camping in backcountry or, on 

the other hand, a more experienced visitor may have inexperienced companions. 

The dispersal policy at Shenandoah National Park might have been more successfully 

implemented if achieving compliance with the policy were of paramount importance. Possible changes 

in implementation might have involved stricter enforcement of existing regulations, promotion of detailed 

information to visitors so as to educate them and promote a greater sense of responsibility, and continued 

efforts to rehabilitate undesired campsites. However, park managers have faced a difficult budget 

situation for much of the period since establishing the intended policy. 

An alternative policy for managing backcountry campsites at Shenandoah National Park, 

recommended here, would incorporate several alternative strategies, reviewed earlier, into a multiple 

strategy policy. Ideally, the visiting public would participate in the decision process. Their participation 

likely will provide managers with confirmation about where visitors with particular interests might camp. 

Together, the visitors and managers would resolve any conflict between the interests of various visitor 

constituencies and the mandates guiding the park staff members. Additionally, a participative approach 

to making backcountry management policy is likely to promote a sense of responsibility among those 

individuals, groups, and organizations who visit the park and participate in the decisions. This greater 

sense of responsibility may affect feelings of political efficacy and empowerment, as discussed earlier. 

These feelings, in turn, may produce greater involvement in park issues, including a greater tendency 

toward volunteering time and energy. Although the multiple strategy policy will face budgetary 

constraints similar to those that have impeded successful implementation of the dispersal policy, the 

active promotion of stakeholder participation may lead to greater political support for the park, as well 

as greater involvement by members of the public in maintenance and management efforts. 

Success of a multiple strategy policy that is founded on true participation of stakeholders, as 

with any policy, will be quite dependent upon whether those participating in the decisions have been 

delegated the authority to establish policy. Senior Park Service staff members must allow the process 

to work. Interference, no matter how well intended, will frustrate those who are participating in the 

process and likely detract from the possibility of success. Although senior staff need not abrogate the 

responsibility of their position, they should provide the participants with clear guidelines for decision by 

explicitly communicating the boundaries of the participants’ delegated authority. Additionally, as with 

the previous dispersal policy, successful implementation requires appropriate budget support and staffing. 

Recommendations Peter B. Williams 126



The policy recommended here consists of three strategies, each applicable within a well defined 

portion of the park that has been clearly communicated to visitors. Elements of dispersal, concentration, 

and maintenance strategies are found within the recommended policy. These strategies are supported by 

a complementary effort to provide information and, wherever possible, educate visitors. Additionally, 

park management staff would continue to enforce and promote compliance with the policies. Periodic 

reassessment of campsite conditions, incorporating methods to be described shortly, will provide 

information for the continual decision process. And, backcountry patrolling by ranger staff would 

reinforce each of the multiple strategies by providing contact with visitors in areas where camping occurs 

frequently and by providing contact with resource conditions throughout the park as it changes over time. 

Some of the more popular areas in the park likely are best managed by a concentration strategy 

so as to protect resources. Such a strategy also promotes recreation provision because some visitors 

prefer a known campsite that they can easily guide themselves to with a map. For these reasons, a series 

of designated campsites should be established. To ensure that such a strategy protects the greatest area, 

most of these sites should be located where the existing proximity of campsites is greatest because it is 

there that camping is most popular. By dispersing the locations of these sites away from stream edges, 

formal trails, and at various distances from each other, the participants in the decision process can 

provide opportunities for visitors to camp in locations they prefer while protecting solitude. By offering 

various distances between campsites, decision makers allow visitors to select the degree of dispersal 

appealing to them and to know that alternatives are available. With such an approach, resource 

protection goals are achieved by concentrating activities at specific sites, while recreation provision goals 

are realized by simultaneously dispersing those sites relative to each other. 

In other areas of the park, where less concentration of activities exists and opportunities for a 

more remote experience can be provided, a maintenance and rehabilitation strategy is more likely 

appropriate. Such a strategy may be seen as a less structured application of a concentration strategy. 

In areas where this strategy is established, selected existing campsites would be maintained. Visitors 

would be provided with a description of the general area where such sites would be found, and informed 

about the importance of camping in existing sites, but they would retain the sense of discovery and 

freedom because they would find the site. Existing campsites that are close to other sites or to water 

edges would be rehabilitated, as would undesired campsites that appear over time and are revealed 

through either backcountry ranger patrols or campsite condition assessments. 
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And, in the remaining majority of the backcountry where campsites are uncommon or non- 

existent, the management policy would continue to promote the current strategy of dispersal. Visitors 

who have camping experience and wish to exercise it could determine on their own where they camp 

and would not be penalized by a single blanket policy of concentration. They would have the option of 

camping where they like as long as they disperse themselves away from trails, each other, and existing 

campsites. Successfully implemented, such a strategy would attract only those willing to accept 

responsibility for camping in such a way that they leave no trace. Resources would be protected while 

the policy continues to provide for those who seek this type of experience. 

Establishing understandable and effectively delineated boundaries of the areas where each of 

these strategies would be in place is difficult. Visitors must be able to easily comprehend where they 

are to follow one set of practices as opposed to another, and they must understand why their compliance 

is important. Any of several alternative boundaries may be appropriate: trail corridors, watersheds 

defined by ridgelines, or easily understood distances. Other options certainly may exist as well. The 

process of selecting a boundary ought to involve visitors because they can reveal the likelihood that 

others will understand and comply with any of the alternatives. 

Clearly, successful implementation of the recommended multiple strategy policy depends upon 

complementary efforts such as education and regulation. Without providing visitors access to 

understandable information, managers cannot expect them to camp in an appropriate manner. 

Additionally, managers must recognize that a single strategy for communicating with visitors is unlikely 

to complement a multiple strategy for managing campsites. Direct communication from park staff 

members will appeal to some visitors, but other visitors likely prefer to gather information themselves 

or they may already be familiar with the area. Furthermore, all visitors do not necessarily respond well 

to information that emphasizes regulations and policy, as opposed to information that seeks to educate 

and nurture a land ethic among visitors by discussing ways to leave minimum trace of a visit. Multiple, 

complementary information and education strategies for communicating with visitors should be produced 

in conjunction with the multiple strategy policy for managing camping. Establishing specific information 

and education strategies requires additional review of published literature not completed for this research. 

Campsite maintenance and rehabilitation are also important. Although they are often considered 

supporting actions for other backcountry management strategies and policies, maintenance and 

rehabilitation are central components of the multiple strategy policy recommended here. Appropriate 

campsites will benefit from management actions to contain activities within a relatively small area, just 
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as inappropriate campsites will benefit from actions to prevent camping from continuing. Unfortunately, 

very few examples of backcountry campsite maintenance efforts exist in the published literature, and few 

of these are more than anecdotal prescriptions, as opposed to the relatively tried-and-true techniques 

associated with trail work. Techniques for maintaining and rehabilitating campsites should be tested and 

the effectiveness determined with a campsite condition assessment program. Clearly, though, campsites 

throughout any protected area will benefit from a proactive strategy of maintenance and reconstruction, 

just as do trails. 

Monitoring Backcountry Campsites 

The exploration of rater precision and of alternative analytical methods for assessing condition 

survey results suggest several areas where existing efforts might be improved. Results from the 

generalizability and decision studies reveal where either improvement in rater precision should be 

pursued or investigators may wish to reconsider the appropriateness of an indicator. The application of 

G-theory and D-studies to the issues faced by recreation ecologists suggests alternative methods and 

research designs for assessing backcountry campsites. Similarly, application of cluster analysis 

techniques to assessing campsites and indicators reveals the importance of measurement scales and the 

problems associated with longitudinal studies. Issues of reliability, relevancy, and comparability must 

be addressed by any research design if it is to be effective and appropriate. 

Rater Precision Assessment 
  

Results from the rater precision study reveal that certain types of indicators are more difficult 

for raters to consistently assess. Tree damage and root exposure stand out as problematic. Either of two 

alternatives likely promise improvement for these and other indicators. First, training of raters could be 

refined through better definitions of the specific condition categories. In this way, raters would be more 

likely to agree upon the category a damaged tree belongs. Training could also be improved by allowing 

more practice assessing the troublesome indicators. Secondly, improvement may be achieved by moving 

to a more general category, such as a single category for damaged trees instead of two categories. This 

alternative, however, was tested with data from this research. Little improvement was achieved. 

Improved precision when assessing these indicators, then, is likely to be achieved only with 

greater emphasis on training. This may be difficult because the raters participating in this research were 

quite carefully trained and, when the rater precision study occurred, were quite experienced. However, 

results from this research illustrate those indicators that demand special attention during rater training. 
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For all rater-based assessment of natural resource conditions, the G-theory application reinforces 

the importance of training and methods. If those making decisions are to avoid erroneous perceptions, 

they must be provided with precise information, especially if it is to be compared with information 

collected later. Continued application of G-theory will allow investigators to determine whether 

improvement in precision is occurring and will allow more tenable comparisons between data collected 

at different times and by different individuals. 

Several possible research design changes are suggested by the rater precision study. Traditional 

methods for monitoring backcountry campsites are based upon either sampling selected campsites or 

surveying a population. Each approach, however, is limited. A sampling of selected campsites requires 

knowledge of the topographical distribution of the population or a willingness to forego knowledge about 

the locational attributes of that population. A survey, on the other hand, requires an investment of time 

and personnel that may prevent collection of detailed information about specific campsites. Furthermore, 

D-studies literature suggests that multiple raters of single campsites will produce more precise 

measurements. Instead of assessing all campsites multiple times, G-study literature suggests that 

assessing a sample of campsites with multiple raters will produce similar levels of precision as may be 

achieved when assessing the population with single raters. 

An alternative, then, to the traditional methods is to combine the permanent sampling approach 

with the more efficient inventory method. Investigators can then extrapolate their findings to a known 

population in an efficient manner. No example of this approach exists in the campsite assessment 

literature. The proposed method would combine approaches so that investigators apply the most 

applicable technique for each indicator of interest. For example. one might complete a census for a 

geographic area to assess total site numbers, individual site locations, and a general indicator of campsite 

condition such as is reflected by a condition class. During this first phase, each campsite would be 

permanently referenced by burying a nail and tag. From this census information, a second assessment 

should occur, with researchers selecting a representative sample of the now known population of 

campsites. Depending on the questions directing the project and the funding available, this sample 

should be assessed independently by multiple raters applying either a multiparameter approach or a 

permanent sampling approach. In this manner, efficiency and effectiveness will be maximized. 

Despite arguments against undue reliance upon condition classes as an indicator, when applied 

during this two phase assessment the condition class serves only as general indicator of condition, an 

indicator that is corroborated during the second phase of the assessment as raters gather additional, 
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detailed information for multiple indicators of condition. The problems with a condition class indicator 

are answered with the second phase. 

As with most applications of a campsite condition survey, management actions will be 

established in response to results from the combined approach. Typically, some of these actions are 

relative decisions and others are absolute decisions, a distinction highlighted in the G-theory literature 

and directly relevant to condition indicators and standards. Because some of the alternative actions 

address campsites at a broad scale, as with educational, informational, and regulatory actions, collecting 

information at a similarly broad scale is sufficient. Some actions, however, address specific campsites. 

This alternative is not precluded by the recommended two phase research design. Although raters do 

not precisely assess the condition class indicator, this lack of precision does not present a problem 

because a conservative standard could be established. Results from the assessment might suggest 

unnecessarily the need for maintenance or rehabilitation of campsites from a statistical perspective, but 

an error on the conservative side of this problem is unlikely to be unacceptable. 

Literature from G-theory supports such an approach and addresses several other concerns such 

as whether absolute change, rate of change, or aggregate change can be identified and assessed. If a 

representative sample is drawn from the population of campsites identified with the initial census, results 

from the application of multiple rater assessment, G-study, and D-study techniques will reveal the 

absolute change in that population. At individual campsites, where precision is least with one rater or 

most expensive with multiple raters, measurement of absolute change is not sought because results from 

the measurement will be either imprecise or unacceptably expensive. Rate of change for components 

of the population is also captured. Properly implemented, the sample phase of the research design will 

include representative campsites from each of the various sub-populations considered to be of interest. 

For example, categories within the range of sites captured by the condition class indicator will be 

reflected, as will the range of sites found in administrative districts, ROS opportunity classes, and within 

the areas where each of the multiple strategies for managing camping is implemented. With the 

recommended research design for assessing backcountry campsite conditions, both the research interests 

of scientists and the political and budgetary interests of managers are promoted. 

Much more work is needed to adapt generalizability theory fully to natural resource monitoring. 

Multivariate techniques, not applied during this effort, should be pursued (Webb and others 1983). 

Literature from G-theory suggests that relationships between indicators would be more apparent with 

such techniques, allowing investigators to better select those indicators that are most precisely measured 
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or that are most efficiently measured. Investigators should also explore the effects on precision of 

increasing the numbers of campsites assessed during G-studies and D-studies (Kane and Brennan 1977). 

Additional work by investigators is also needed to explore other sampling and research design issues 

such as power (Bernstein and Zalinski 1983, Booth 1984, Nicholson and Fryer 1992), and the 

implications of measurements taken at different times in different places (Millard and others 1985, Tang 

and MacNeill 1992). 

Campsite Condition Assessment 

Techniques from the field of policy sciences demonstrate where improvement of future 

assessments of campsite conditions also may be achieved. The importance of selecting measurement 

scales appropriate for intended analysis of data is apparent, as is the connection between these scales and 

longitudinal studies. Also, the problems associated with aggregate and summary condition values are 

clearly demonstrated. 

In addition to traditional descriptive analysis of indicators, results from the assessment of 

campsite conditions, presented as clusters of campsites with similar conditions, facilitate greater 

understanding among both investigators and decision-makers. By reintegrating indicators of campsite 

condition, rather than emphasizing component indicators, an investigator is better able to recognize and 

describe relationships between the overall campsite condition and the separate indicators of that 

condition. This helps investigators recognize and describe patterns of condition. And, when presented 

well by an investigator, it also helps those involved in the policy process better interpret the results. 

Another advantage of cluster analysis is that it can replace summary condition indices. These 

indices are commonly based on weighted indicator values and, at times, questionable manipulation of 

data such as averaging of unstandardized values. Also, the indices are prone to eclipsing, as when the 

condition of one indicator is balanced by an opposing condition in one or more other indicators. 

Furthermore, the indices may obscure specific conditions of indicators by emphasizing the index value, 

instead of emphasizing indicator conditions. 

In contrast, cluster analysis requires no weighting of indicator values and it standardizes values 

during the procedure. Additionally, the procedure addresses concerns about eclipsing because it assigns 

cases of campsites to clusters on the basis of the standardized values of several indicators. Instead of 

a condition of one indicator being offset by the condition of one or more other indicators, the condition 

of each of those indicators would contribute to the cluster assignment. 
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Often, an investigator applies indices to identify those campsites with the least acceptable 

conditions. Cluster analysis techniques continue to provide this information. The major difference, 

however, is that the cluster analysis allows an investigator to identify similar groups of campsites 

according to conditions, instead of identifying and ranking individual campsites. As discussed earlier, 

relative ranking of individual campsites can be problematic if an investigator has not identified the 

precision associated with assessing the relative condition of the individual indicators. With cluster 

analysis, rather than reporting an index value, an investigator reports descriptions of the distinguishing 

indicators, avoiding undue emphasis on any index value because no such value exists. The cluster 

numbers are categorical and do not reflect any relationship between different categories other than that 

those categories indeed are different. 

If an investigator is to realize the advantages of cluster analysis, then the measurement scales 

must be appropriate for that analysis. Here, again, collecting data with a ratio scale assessment is crucial. 

Categorical scale data not only complicates the techniques of cluster analysis, but it also complicates data 

collection because of the need to calibrate the categories. This need for calibration is further complicated 

when one is designing a longitudinal study across time. Calibrating categories while also considering 

the effect of different raters at each time leads to a set of data that is difficult to interpret. 

LAC Process 

The applicability of the proposed two phase research design for assessing backcountry campsites 

is most apparent when one critically reviews the LAC process. Often, those making policy decisions 

have selected indicators separately from establishing standards and separately from considering 

management actions and establishing policy. For example, investigators commonly assess damage to 

trees at individual campsites. Then they provide information to those making policy decisions who 

typically review aggregate conditions, such as the average number of trees damaged on campsites in a 

particular opportunity class. From this information, policy-makers decide whether a standard has been 

exceeded. Ifa standard has been exceeded, they select a management action to respond to the problem. 

However, for this indicator and other similar ones, management actions cannot occur at the individual 

site level. It is not possible to select individual sites where a specific regulation will be enforced while 

other similar sites in the same opportunity class will not have that regulation applied. Managers could 

not enforce the regulation and visitors would find it very difficult to comprehend where the regulation 

is in effect. 
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Traditional application of an LAC process, then, collects information about individual campsites 

for actions that can only affect an aggregation of sites, as when the response to an issue is to provide 

information to visitors or regulate activities. If the response is at a broad scale, then the research design 

is most efficient when collecting information at a similarly broad scale, instead of at individual 

campsites. Similarly, a broad scale response should be triggered by a broad scale standard and a broad 

scale indicator. 

Generalizability theory provides an established set of methods for collecting information at a 

broad level in an effective and efficient manner. It also provides the means to analyze the precision of 

the collected information. Multiple raters would assess a sample of campsites. The sample will reflect 

the population as long as the investigators are willing to exchange any member of the sample with any 

other member of the population. The limited census, necessary for each iteration of a monitoring cycle, 

would provide the information required to select representative sites. 

With the proposed research design, investigators can provide policy makers with more precise 

information and collect the information more feasibly. The cost of applying this design will be less; the 

applicability will be more. Additionally, the precision estimates distinguish between relative and absolute 

decisions, further increasing our understanding of the information. When comparing conditions with 

standards, an absolute decision occurs. When comparing conditions across time or across campsites, 

however, a relative decision occurs. Because the sources of variation are different for these two types 

of decisions, the level of associated precision also is different. By adopting the methods associated with 

generalizability theory, recreation ecologists and other natural resource scientist who survey and monitor 

resource conditions will better understand the information they collect. They will also be better prepared 

to explain that information to those making policy. 

Natural Resource Science and Policy 

As participants in policy processes, natural resource scientists provide information to others. 

This role is one of the more crucial within a decision-making effort. Not only do scientists provide 

information, but they facilitate the understanding of other participant’s. The language they select for 

presenting that information determines, to a large degree, how others come to view the issues. It is very 

likely that this language and terminology can set a tone for the dialogue, a tone that can be either 

participatory and constructive or divisive and frustrating for the participants. Unfortunately, little 

discussion appears in the published natural resource management literature concerning the importance 

of terminology. There is a culture of wildland management with a language and objectives that are not 
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apparent to all those newer participants in the policy process. For some of these participants, that 

cultural language may even intimate objectives that the wildland management profession did not intend. 

The issue, however, is not terminology. It is whether terminology complicates efforts to define the limits 

of acceptable change. 

Discussion of the role of natural resource scientists within a policy context suggests the need 

to review and perhaps strengthen the scientist’s own techniques, as well as adapting to the less apparent 

policy responsibilities. For example, to provide information for future policy processes requires 

implementation of research designs similar to those of both the rater precision assessment and campsite 

condition assessment reported here. G-theory and cluster analysis facilitate both scientific understanding 

and policy application. Additional research design changes, such as the two phase assessment design, 

also may address scientific and policy issues in a balanced manner by increasing efficiency and 

relevancy. Whether or not these specific designs are implemented, efforts to assess and monitor wildland 

conditions must be refined, especially as more policy decisions become based on such investigations. 

Recognition by natural resource scientists of their role within a larger policy process opens new 

research arenas. Within the wildland management profession, the recreation opportunity spectrum 

suggests that three components of a wildland setting: social, physical, and managerial. Yet the published 

literature has focused mostly on the social and physical settings, while largely downplaying the 

managerial setting. Techniques and ideas from the field of policy science can broaden wildland 

management professionals’ understanding of the managerial setting’s importance within the decision 

process (Brewer and deLeon 1983; Brunner 1982, 1987; Clark 1992, 1993). 

Finally, techniques and ideas from the areas of organizational behavior and dynamics would help 

expand the wildland management profession’s capacity to constructively grapple with the most vexing 

of current and future issues (Bowditch and Buono 1990). The organizational dynamics of an agency or 

within a park, for example, likely affect how receptive its staff members are to participative management. 

Greater experience with participative management may well filter back to a desire for more participative 

management within the agency or park. As the models of natural resource management transform, the 

applicability of these ideas to international and multicultural environments also should be explored. 

Some of the material on which the perspectives here have been founded may not apply to protected areas 

within all cultures, or to protected areas where the stakeholders comprise people from several cultures, 

each with different perspectives. 
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Appendix A 

Timeline of backcountry management in Shenandoah National Park 

  

1890's Skyland lodge established as the first operation intended to promote recreation in what 
would become Shenandoah National Park. 

Prelude to Establishment 
  

1926 

1927 

1928 

1934 

US Congress authorizes Shenandoah National Park with the stipulation that sufficient 
land must be acquired by state or private efforts. Much of the land originally 
authorized for the park has been inhabited by several generations of people. 

Potomac Appalachian Trai] Club (PATC) formed to regionally promote both the newly 
initiated Appalachian Trail and the proposed national park. 

PATC constructs its first section of trail near Pinnacle between Thornton Gap and 
Skyland. This is also the first section of Appalachian Trail constructed by the PATC. 

PATC constructs first trail shelter south of New England. It is located near Pinnacle 
and cost $930.00 to complete. 

Congress authorizes Skyline Drive. Construction of the Drive overlaps and displaces 
portions of Appalachian Trail. PATC reports 260 miles of trail have been constructed 
in the area authorized for Shenandoah National Park. 

Wilderness Society conceived during an impromptu meeting within the borders of the 
proposed park. 

Reassertion of Nature 

1935 

1937 

1938 

1941 

Wwil 

Post-War 

Appendix A 

Shenandoah National Park established at the end of December with the acceptance by 
Congress of 176,429 acres from the state of Virginia. More than 516,000 people 
visited the proposed park during the year prior to its formal establishment. 

Shenandoah National Park becomes the first National Park to be visited by more than 
one million people in a year. 

The 96 mile Shenandoah portion of the Appalachian Trail is completed. 

PATC reports 17 three-sided shelters exist in the park. 

Visitation drops dramatically. Impressive vegetation growth during this period begins 
to mask indications of earlier human settlement. 

Superintendent authorizes expansion of the trail system after PATC complaints emerge 
regarding trail damage from equestrian use. Park accepts PATC offer to maintain 
primitive trails. 
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1953 Park reports 429,988 overnight visitors from June to August, but only 8,655 stayed in 
the backcountry. 

Resource Preservation 
  

1960 

1964 

1966 

1967 

1970 

1972 

1973 

1974 

1975 

Superintendent Hoskins begins to serve. 25th Anniversary of Park. 

Congress signs Wilderness Act. Shenandoah superintendent Hoskins begins discussing 
the possibility that some areas of the park might qualify for Wilderness based on the 
degree of its recovery from pre-park land uses. 

PATC, National Parks Association, the Wilderness Society, Sierra Club, and others 
begin working toward an expanded understanding of what constituted appropriate land 
for Wilderness system inclusion. 

Park reports 34,000 overnight backcountry visits. Camping at designated campgrounds 
frequently surpass capacity. Superintendent Hoskins instructs park staff to direct 
visitors to the backcountry when campgrounds are full. 

NPS Director recommends 73,280 acres of Shenandoah be designated as Wilderness. 

Superintendent Robert Jacobsen follows Hoskins as superintendent at Shenandoah. 
During the interim period between superintendents a designated campsite management 
policy is implemented in the park. Visitors are told they must camp within sight of red 
stakes erected at 39 designated areas. Additionally, visitors must obtain and carry 
campfire permits. 

Park reports 121,000 backcountry overnight visits. Managers describe backcountry 
camping areas as resembling frontcountry campgrounds with no privacy and exhibiting 
greatly altered resource conditions. 

Backcountry overnight-visits surpass 120,000 again. The designated site policy is 
replaced by a policy of dispersed camping. New regulations require visitors to camp 
out-of-sight of trails and other groups, to obtain Backcountry camping permits, and 
prohibit campfires. 

Congress signs Public Law 93-622 authorizing wilderness in the eastern U.S. (referred 
to as the Eastern Wilderness Act). 

Recent Resource Protection 

1976 

1977 

1978 

198] 

1983 

1984 
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Congress designates 79,019 acres of Wilderness in Shenandoah National Park, with 560 
acres of potential additions also identified. As part of wilderness designation, Big Run 
shelter is removed from the backcountry, as are all man-made water developments 
except those predating the park. West Virginia University conducts a sociological 
survey of backcountry campers. 

West Virginia University conducts a trail user study in Shenandoah. Overnight 
camping banned in portions of Limberlost, Hawksbill, and Whiteoak Canyon areas. 

Shenandoah Wilderness expanded to 79,579 acres. Park reports 75,000 overnight 
backcountry visits. 

Shenandoah reports 61,000 overnight backcountry visits. A backcountry campsite 
inventory and rehabilitation effort begins. 

Backcountry campsite inventory and rehabilitation program ends. Approximately 1200 
campsites are located and assessed. 

Backcountry Management Plan completed. 
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1985 Superintendent Bill Wade begins service. Park reports 38,000 overnight backcountry 
visits. 

199] Current Resource Management Plan adopted. Backcountry and Wilderness 
Management Taskforce established by Superintendent Wade. 

1992 Campsite inventory and monitoring program initiated. Approximately 750 campsites 
are located and assessed. 

Appendix A Peter B. Williams 152



Appendix B 

cohenandgah National Park 
ampsite Monitoring Manual 

Description of Procedures 

For the purposes of this manual, campsites are defined as backcountry areas of disturbed vegetation, 
surface litter, or soils caused by human use as overnight camping and/or day-use activities. In areas 
with multiple sites there may not always be undisturbed areas separating sites and an arbitrary 
decision may be necessary to define separate sites. Three approaches will be used to assist in 
locating campsites: 1) discussions with experienced backcountry rangers to identify potential 
camping areas, 2) hiking all park trails, however faint, and 3) searching areas identified on maps as 
likely camping locations (areas near water and formal park trails with low slopes). 

For each site, monitoring begins with an assessment of Condition Class: 

CONDITION CLASS DEFINITIONS 

Class 1: Campsite barely distinguishable; slight loss of vegetation cover and /or minimal disturbance 
of organic litter. 

Class 2: Campsite obvious; vegetation cover lost and/or organic litter pulverized in primary use areas. 

Class 3: Vegetation cover lost and/or organic litter pulverized on much of the site, some bare soil 

exposed in primary use areas. 

Class 4: Nearly complete or total loss of vegetation cover and organic litter, bare soil widespread. 

Class 5: Soil erosion obvious, as indicated by exposed tree roots and rocks and/or gullying. 

For campsites rated Condition Class 1 or 2, complete Form B. For campsites rated Class 3, 4, or 5, 
complete Form A. Form B is an abbreviated version of Form A and greatly reduces the amount of 
field time. Be conscientious in making Condition Class determinations. Do not allow the 
additional effort required by Form A procedures to influence your decision! 

Materials: Compass, peephole type (not corrected for declination) 
USGS topographic maps (1/24,000) 
Tape measure, 50 foot (marked in tenths) 
Flagged wire pins (25 minimum), one larger steel centerpoint stake 
Camera, 35mm SLR, 35mm lens and ASA 1000 color print film (store in freezer) 
Aluminum numbered tags, 4 inch galvanized steel nails 
Clipboard, monitoring manual, field forms (some on waterproof paper), pencils 
Magnetic pin locator (remeasurement only) 
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Form A Procedures 

General Site Information 

1) Ranger District: Record the Ranger District code: N=North C=Central S=South 

2) Trail Code: Record the code for the closest formal park trail. In areas with two or more trails, 
record the trail which is most likely the primary source of use for the site, as evidenced by 
proximity or the most clearly defined access trail. See Trail Code Sheet for codes. 

3) Campsite Number: Each site is to be numbered consecutively corresponding to numbered 
aluminum tags which will be buried at the campsite centerpoint. Whenever sites are reassessed, 
examine the mapped locations and field forms to determine if each site was present during the 
previous survey. Relocate campsite centerpoints with centerpoint references and the pin locator 
and verify campsite numbers by digging up the campsite number tags. Replace any lost tags and 
centerpoint nails only if you are absolutely certain of the campsite number and centerpoint 
location. Number new sites with any unique number larger than any used in the previous survey. 

4) Inventoried by: Identify the one or two field personnel responsible for site assessment by listing 
the first initials of first and last names. 

5) Date: Month, day, and year the campsite was evaluated (eg. June 12, 1992 = 06/12/92). 

Site remeasurement_ - Due to phenological and site use changes which occur over the use season, it 
is critical that campsites be remeasured as close to the initial assessment month and day as 
possible, preferably within 1 to 2 weeks. 

6) Campsite Location: USGS Quad Code - Record the code for the quad sheet on which the site is 
located: 

ORM __.. Old Rag Mountain FR ... Front Royal B_.. Bentonville 
CG... Chester Gap Ls... Lura TG . Thorton Gap 
W .... Washington S... Stanley BM . Big Meadows 
EW... Elkton West EE ... Elkton East F .. Fletcher 
M .... Madison G_... Grottoes MC . Mcgaheysville 
SRG .... Swift Run Gap SV... Stanardsville C .. Crimora 
BC .... Browns Cove WE _ .. Waynesboro East 

Locate/Label Site on Map - Mark the quad sheet with a dot precisely where the campsite is located 
and label with the campsite number. Draw a short line to the label in areas with a high density 
of campsites. Be as accurate as possible and supplement the quad map where necessary with 
either copier enlargements of the quad (for high density areas) or informal maps. Note that 1/4 
inch on the map is equal to 500 feet on the ground. 

Describe Location - Describe the campsite location using local geographic features (trail 
intersections, stream crossings, large boulders or trees) and paced distances. Record the distance 
of your pace in parentheses, for example: 18 paces (5.5’), each time you record a paced distance. 
Conversions will be done in the office. Verify your pace periodically. Accurate campsite 
location descriptions are critical to site relocation. Use sufficient descriptive detail_and additional 
local area maps as necessary so that someone else five years later could relocate the site (see 
examples at end of manual). 
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Inventory Parameters 

7-11) Campsite is: 

> 1/2 mile from developed park areas - Examine map, 1/2 mile is equal to 1 5/16 inches on 
the map. Developed park areas include any areas with buildings, including picnic 
areas, campgrounds, huts, and cabins, excluding shelters. 

> 250 yards from paved roads - If necessary, pace this distance. 

Out of sight of formal trail - Check "yes" if a tent erected on the campsite is not visible from a 
formal park trail. 

"No Camping” post visible - Check "yes" if a "No Camping” post is visible from the campsite. 

Evidence of horse use - Check "yes" if there is any evidence, typically manure or hoof prints, 
that the site has been used by horsemen. 

12) Aspect: With your back facing upslope sight your compass downslope and record the compass 
bearing on the form. 

13) Elevation: From the map, determine the campsite’s elevation to the nearest 40 feet. Note that 
each contour line is equal to 40 feet. 

14) Site Position: Examine the map, relative to the ridge or mountain upon whose slope the campsite 
is located, record an "F" for "Foot" in the campsite is at the base of the slope along a permanent 
or intermittent stream, record a "U" for "Upper Slope" if the campsite is at or near the top of the 
slope (within 1/2 mile, 1 5/16 inch map distance). Record an "M" for "Midslope" for all others. 

15) Distance to Formal Trail: Pace the distance, along a footpath if present, to the nearest formal 
park trail and record the number of paces. If over a 5 minute walk record a "-1". 

16) Distance to Water: Using the following categories, indicate the distance from the closest 
boundary of the campsite to the closest water source: 
1=<25 ft 2=26-100 ft 3=101-200 ft 4=>201 ft 

17) Water Source: Using the following codes, indicate the type of water source: 
S=Spring C=Creek/River I=Intermittent N=None within a 5 minute walk 

18) Forest Cover Type: Using the following codes and the Forest Type Descriptions sheet from the 
SHEN LTEMS manual, indicate the forest cover type of the surrounding forest: 

CH..... Chestnut Oak NRO .. Northern Red Oak COH Cove Hardwoods 
YP ..... Yellow Poplar BL ... Black Locust PP .. Pitch Pine 
VP ..... Virginia Pine EH ... Eastern Hemlock SP .. Special 

19) Tree Canopy Cover, Branch Projection: Estimate the percentage of tree canopy cover directly 
over the campsite, assuming all live branches are covered by leaves. This estimate ignores 
defoliation by gypsy moth caterpillars or other insects. 1=0-5 2=6-25% 3=26-50% 4=51-75% 
5=76-95 6=96-100% 

20) Tree Canopy Cover, Leaf Projection: Estimate the percentage of actual tree canopy cover 
directly over the campsite, ignoring predominantly defoliated branches. Imagine that the sun was 
directly overhead. What portion of the ground within campsite boundaries would be shaded by 
the current tree canopy? This estimate incorporates defoliation by gypsy moth caterpillars or 
other insects and will be equal to or less than the estimate obtained in 19 above. 1=0-5 2=6- 
25% 3=26-50% 4=51-75% 5=76-95 6=96-100% 
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Impact Parameters 

The first step is to establish the campsites’ boundaries and measure its size. The following 
procedures describe the use of the Variable Radial Transect Method for determining the sizes of 
campsites. This is accomplished by measuring the lengths of linear transects radiating from a 
permanently defined centerpoint to the campsite boundary. 

Step 1. Identify Campsite Boundaries and Flag Transect Endpoints. Walk the campsite boundary 
and place flagged wire pins at locations which, when connected with straight lines, will define a 
polygon whose area approximates the campsite area. Use as few pins as necessary, typical 
campsites can be adequately flagged with 10-15 pins. Look both directions along campsite 
boundaries as you place the flags and try to balance areas of the campsite which fall outside the 
lines with offsite (undisturbed) areas which fall inside the lines. Pins do not have to be placed 
on campsite boundaries, as demonstrated in the diagram following these procedures. Project 
campsite boundaries straight across areas where trails enter the site. Identify campsite boundaries 
by pronounced changes in vegetation cover, vegetation height/disturbance, vegetation 
composition, surface organic litter, and topography (refer to photographs following these 
procedures). Many sites with dense forest overstories will have very little vegetation and it will 

e necessary to identify boundaries by examining changes in organic litter, ie. leaves which are 
untrampled and intact vs. leaves which are pulverized or absent. In defining the campsite 
boundaries be careful to include only those areas which appear to have been disturbed from 
human trampling. Natural factors such as dense shade and flooding can create areas lacking 
vegetative cover. Do not include these areas if they appear "natural" to you. When in doubt, it 
may also be helpful to speculate on which areas typical visitors might use based on factors such 
as Slope or rockiness. 

Step 2. Select_and Reference Campsite Centerpoint. Select a campsite centerpoint which is 
preferably: a) visible from all the campsite boundary pins, b) close to and easily referenced by 
distinctive permanent features such as larger trees or boulders, and c) in a spot permitting the 
burial of the centerpoint nail and campsite tag. Embed a temporary stake through the eyelet on 
the tape measure at the centerpoint location. Reference the centerpoint to at least three relatively 
permanent and distinctive features. Try to select reference features in three opposing directions 
as this will enable future workers to triangulate the centerpoint location. For each feature, take a 
compass bearing (nearest degree) and measure the distance (nearest 1/10 foot) from the 
centerpoint to the center of trees or the highest point of boulders. Also measure the approximate 
diameter of reference trees at 4.5 feet above ground (dbh). Be extremely careful in taking these 
bearings and measurements as they are critical to relocating the centerpoint in the future. Record 
this information on the back of the form. 

Examples: 1) Red Maple, 3.2 ft dbh, 23.2 ft at 195° (largest tree on campsite) 
2) Boulder, 17.9 ft at 312°, (distance and bearing to highest point) 
3) Sycamore, 1.4 ft dbh, 29.5 ft at 78°, (only sycamore in area) 

Options: Some sites may lack the necessary permanent reference features enabling the 
centerpoint to be accurately relocated. If only one or two permanent reference features are 
available, use these and take additional photographs from several angles. If permanent features 
are unavailable simply proceed with the remaining steps without permanently referencing the 
centerpoint. This option will introduce more error in comparisons with future measurements, 
particularly if the campsite boundaries are not pronounced. Note your actions regarding use of 
these options in the Comments section. 

Step 3. Record Transect_Azimuths and Lengths. Standing directly over the centerpoint, identify and 
record the compass bearing (azimuth) of each campsite boundary pin working in a clockwise 
fashion (in the exact order you would encounter them if you were walking the campsite 
boundary). Be careful not to miss any pins hidden behind vegetation or trees. Be extremely 
careful in identifying the correct_compass bearings to these pins as error in these bearings will 
bias current and future measurements of campsite size. Next, anchor the end of your tape to the 
centerpoint stake, measure and record the length of each transect (nearest 1/10 foot), starting with 
the same boundary pin and in the same clockwise order as before. Be absolutely certain that the 
appropriate pin distances are recorded adjacent _to their respective compass bearings. Leave 
boundary pins in place until you finish all other campsite measurements. 
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Step 4. Measure Island and Satellite Areas. Identify any undisturbed "islands" of vegetation inside 
campsite boundaries (often due to clumps of trees or shrubs) and disturbed “satellite” use areas 
outside campsite boundaries (often due to tent sites or cooking sites). Use campsite boundary 
definitions for determining the boundaries of these areas. Use the Geographic Figure Method 
to determine the areas of these islands and satellites (refer to the diagrams following these 
procedures). This method involves superimposing one or more imaginary geometric figures 
(rectangles, circles, or right triangles) on island or satellite boundaries and measuring appropriate 
dimensions to calculate their areas. Record the types of figures used and their dimensions on the 
back of the form; the sizes of these areas should be computed in the office with a calculator. 
Also, record the compass bearing and distance from the center of each island or satellite site to 
the campsite centerpoint. 
  

Remove the centerpoint stake. Place a 4 inch Jong galvanized steel nail through the hole in the 
campsite number tag and bury at the centerpoint so that the tag is 2 inches underground. 

Site Remeasurement - Relocate the centerpoint using centerpoint references, photos, and a magnetic 
pin locator. Reestablish campsite boundary pins using the transect data compass bearings and 
distances. Reassess boundary pin locations based on the following procedures: 

  

1) Keep the same transect length if that length still seems appropriate, ie. there is no compelling 
reason to alter the initial boundary determination. 
2) Record a new transect length if the prior length is inappropriate, ie. there is compelling 
evidence that the present boundary does not coincide with the pin and the pin should be relocated 
either closer to or further from the centerpoint along the prescribed compass bearing. 
3) Repeat Steps | and 3 from above to establish additional transects where necessary to 
accommodate any changes in the shape of campsite boundaries (diagram below). Also repeat 
tep 4. 

These additional procedures are designed to eliminate much of the measurement error associated 
with different individuals making subjective judgements on those sites or portions of sites where 
boundaries are not pronounced. These procedures may only be used for sites whose centerpoints 
can be relocated. 

  

Use of Peep Hole Compasses 

Hold the compass level with the viewfinder close to your eye. The top of the white floating scale 
should be centered in the viewfinder. With your chin over the centerpoint, align the object with 
the vertical black line in the viewfinder. Allow the compass scale to come to a rest and read the 
bearing to the nearest degree. Be careful in reading the bearing from the scale, note that scale 

values decrease from left to right. Large scale interval is 5 degrees, smallest interval is 1 degree. 
Practice and periodically compare compass readings with your partner to verify their accuracy. 

21) Condition Class: Record the Condition Class you assessed for the site using the categories 
described on the first page of this manual. 

22) Vegetative Ground Cover Onsite: An estimate of the percentage of live non-woody vegetative 
ground cover (including herbs, grasses, and mosses and excluding tree seedlings, saplings, and 
shrubs) within the flagged campsite boundaries using the coded categories listed below (refer to 
photographs following these procedures). Include any disturbed "satellite" use areas and exclude 
undisturbed "islands" of vegetation. For this and the following two parameters, it is often helpful 
to narrow your decision to two categories and concentrate on the boundary that separates them. 
For example, if the vegetation cover is either category 2 (6-25%) or category 3 (26-50%), you 
can simplify your decision by focussing on whether vegetative cover is greater than 25%. 

1=0-5% 2=6-25% 3 = 26-50% 4= 51-75% 5 = 76-95% 6 = 96-100% 
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23) Vegetative Ground Cover Offsite: An estimate of the percentage of live non-woody vegetative 
ground cover (including herbs, grasses, and mosses and excluding tree seedlings, saplings, and 
shrubs) in an adjacent but largely undisturbed "control" area. Use the codes and categories listed 
above. The control site should be similar to the campsite in slope, tree canopy cover (amount of 
sunlight penetrating to the forest floor), and other environmental conditions. The intent is to 
locate_an_ area which would closely resemble the campsite area had the campsite never been used. 
In instances where you cannot decide between two categories, select the category with less 
vegetative cover. The rationale for this is simply that, all other factors being equal, the first 
campers would have selected a site with the least amount of vegetation cover. 

24) Soil Exposure: An estimate of the percentage of soil exposure, defined as ground with very little 
or no organic litter (partially decomposed leaf, needle, or twig litter) or vegetation cover, within 
the campsite boundaries and satellite use areas (refer to the photographs following these 
procedures) Dark organic soil, the decomposed product of organic litter, should be assessed as 
are soil when its consistency resembles peat moss. Assessments of soil exposure may be 

difficult when organic litter forms a patchwork with areas of bare soil. If patches of organic 
material are relatively thin and few in number, the entire area should be assessed as bare soil. 
Otherwise, the patches of organic litter should be mentally combined and excluded from 
assessments. Code as for vegetative cover above. 

25-27) Tree Damage: Tally each live tree (>1 in. diameter at 4.5 ft.) within or on campsite 
boundaries to one of the tree damage rating classes described below (refer to the photographs 
following these procedures). Include trees within undisturbed "islands" and exclude trees in 
disturbed_"“satellite" areas. Assessments are restricted to all trees within the flagged campsite 
boundaries in order to ensure consistency with future measurements. Multiple tree stems from 
the same species which are joined at or above ground level should be counted as one tree when 
assessing damage to any of its stems. Assess a cut stem on a multiple-stemmed tree as tree 
damage, not as a stump. Do not count tree stumps as tree damage. Take into account tree size. 
For example, damage for a small tree would be considerably less in size than damage for a large 
tree. Where obvious, assess trees with scars from natural causes (e.g., lightning strikes) as 
None/Slight. 

None/Slight . .. No or slight damage such as broken or cut smaller branches, one nail, or a few 
superficial trunk scars. 

Moderate .... Numerous small trunk scars and/or nails or one moderate-sized scar. 
Severe ...... Trunk scars numerous with many that are large and have penetrated to the inner 

wood; any complete girdling of tree (cutting through tree bark all the way 
around tree). 

Site remeasurement_ - begin by assessing tree damage on all trees within the site boundaries 
identified in the last measurement period. Place boxes around each tally for trees in areas where 
boundaries have moved closer to the centerpoint, i.e., former site areas which are not currently 
judged to be part of the site. Next, assess tree damage in areas where boundaries have moved 
further from the centerpoint, i.e., expanded site areas which are newly impacted since the last 
measurement period. Circle these tallies. These additional procedures are necessary in order to 
accurately analyze changes in tree damage over time. 

28-30) Root Exposure: Tally each live tree (>1 in. diameter at 4.5 ft.) within or on campsite 
boundaries to one of the root exposure rating classes described below. Include trees within 
undisturbed "islands" and exclude trees in disturbed "satellite" areas. Assessments are restricted 
to all trees within the flagged campsite boundaries in order to ensure consistency with future 
measurements. Where obvious. assess trees with roots exposed by natural causes (e.g., 
stream/river flooding) as None/Slight. 

None/Slight .. No or slight root exposure such as is typical in adjacent offsite areas. 
Moderate .... Top half of many major roots exposed more than one foot from base of tree. 
Severe ...... Three-quarters or more of major roots exposed more than one foot from base of 

tree; soil erosion obvious. 

Site remeasurement - Begin by assessing root exposure on all trees within the site boundaries 
identified in the last measurement period. Place boxes around each tally for trees in areas where 
boundaries have moved closer to the centerpoint, i.e., former site areas which are not currently 
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judged to be part of the site. Next, assess root exposure in areas where boundaries have moved 
further from the centerpoint, i.e., expanded site areas which are newly impacted since the last 
measurement period. Circle these tallies. These additional procedures are necessary in order to 
accurately analyze changes in root exposure over time. 

31) Number _of Tree Stumps: A count of the number of tree stumps (> | in. diameter at ground and 
less than 4.5 feet tall) within or on campsite boundaries. Include trees within undisturbed 
"islands" and exclude trees in disturbed "satellite" areas. Do not include windthrown trees with 
their trunks still attached or cut stems from a multiple-stemmed tree. 

  

Site remeasurement - begin by assessing stumps within the site boundaries identified in the last 
measurement period. Place boxes around each tally for stumps in areas where boundaries have 
moved closer to the centerpoint, i.e., former site areas which are not currently judged to be part 
of the site. Next, assess stumps in areas where boundaries have moved further from the 
centerpoint, i.e., expanded site areas which are newly impacted since the last measurement 
period. Circle these tallies. These additional procedures are necessary in order to accurately 
analyze changes in stumps over time. 

32) Number of Fire Sites: A count of each fire site within campsite boundaries, including satellite 
areas. Include old inactive fire sites as exhibited by blackened rocks, charcoal, or ashes. Do not 
include locations where charcoal or ashes have been dumped. However, if it is not clear whether 
or not a fire was built on the site, always count questionable sites that are within site boundaries 
and exclude those that are outside site boundaries. 

  

33) Number of Trails: A count of all trails leading away from the outer campsite boundaries. Do 
not count extremely faint trails which have untrampled tall herbs present in their tread or trails 
leading out to any satellite areas. 

34) Total Campsite Area: Using the dBASE computer program, compute the campsite size using the 
transect data. Using a calculator, compute and sum the area of each island and satellite site (see 
the Geometric Figure Method sheet for procedures and formulas). Record these values in the 
spaces provided on the back of Form A and calculate the Total Campsite Area. Record this 
value on the front of the form to facilitate computer data entry. 

Comments: An informal list of comments concerning the site: note any assessments that you felt 
were particularly difficult or subjective, problems with monitoring procedures or their application to 
this particular campsite, suggestions for clarifying monitoring procedures, descriptions of particularly 
significant impacts beyond campsite boundaries (quantify if possible), excessive litter, human waste, 
or horse impacts, or any other comments you feel may be useful. 

Campsite/Centerpoint Photograph: Select a vantage point which provides the best view of the 
campsite and centerpoint location. Try to select a location which clearly shows the centerpoint 
location in relation to nearby trees or boulders. It may be necessary to take a separate centerpoint 
photograph in some instances. Place the tape measure against the centerpoint stake so that it is 
clearly visible in the camera viewfinder. Take a picture, pointing the camera down to include as 
much of the campsite groundcover as possible. Use the photo description space to write something 
unique about the photo which will allow you to recognize and label the photo for this campsite. 
Record the film roll and photo number(s) in the space provided. Label film rolls with your initials 
followed by a unique roll number. Also record the compass bearing and distance from the 
centerpoint to the photopoint. The intent is to obtain a photograph which includes as much of the 
site as possible to provide a photographic record of site conditions. The photo will also allow future 
workers to make a positive identification of the campsite and assist in centerpoint location. At the 
earliest possible time, label the backs of 3x5 prints with the campsite number, date, film roll number, 
photograph number, bearing, and distance. Also, label and store the negatives. Store the 
photographs separately from the survey forms. A non-photoreactive box should be used to preserve 
the pictures. 

* Bury centerpoint nail and tag between 2-3 inches deep, compact soil with foot. Collect all 
campsite boundary pins, the centerpoint stake, and all other equipment. 
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Form B Procedures 

Refer to the procedures described above, all procedures are the same with the following exceptions: 

. Measure campsite size using the Geometric Figure Method (Marion 1991). Typically Class 1 
and 2 campsites are quite small in size and this method should be both efficient and accurate. 
Record the types of figures used and all necessary dimensions on the back of the form. Total 
campsite area will be computed and recorded in the office. 

° Bury the centerpoint nail and campsite number tag at the center of the site or near any 
distinctive features. Do not reference the centerpoint with compass bearings and distances. Do 
include centerpoint, location indicated by tape measure, in campsite photo. 
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Variable Radial Transect Method 

  

Step 1. Identify Campsite Boundaries and Flag 
Transect Endpoints. Walk the site boundary 
and place flagged wire pins at locations which, 
when connected with straight lines, will define 
a polygon whose area approximates the site 
area. Use as few pins as necessary, typical 
sites can be adequately flagged with 10-15 pins. 
Look both directions along site boundaries as 
you place the flags and try to balance areas of 
the site which fall outside the lines with offsite 
(undisturbed) areas which fall inside the lines. 
Pins do not have to be placed on site 
boundaries, as demonstrated in the diagram at 

7 left. Project site boundaries straight across 
areas where trails enter the site. 

Step 2. Select and Reference Centerpoint. 
Select a campsite centerpoint which 1s: a) 
visible from all the boundary pins, b) close to 
and easily referenced by distinctive permanent 
features such as larger trees or boulders, and c) 
in a spot permitting the burial of the centerpoint 
nail and campsite tag. Embed a steel stake at 
the centerpoint and reference it to at least three 
features. Try to select reference features in 
three opposing directions as this will enable 
future workers to triangulate the centerpoint 
location. For each feature, take and record a 
compass bearing (nearest degree) and measure 
the distance (nearest 1/10 foot) from the 
centerpoint to the center of trees or the highest 
point of boulders. Also measure the 

10 approximate diameter of reference trees at 4.5 
feet above ground (dbh). Be extremely careful 

Figure 11 Variable radial transect method applied in taking these bearings and measurements _as 
to campsi they are critical to relocating the centerpoint in 

psite. the future 

      
  

Step 3. Record Transect_Azimuths and Lengths. Standing directly over the centerpoint, identify and 
record the compass bearing (azimuth) of each site boundary pin working in a clockwise fashion (in 
the exact order you would encounter them if you were walking the site boundary). Be careful not to 
miss any pins hidden behind vegetation or trees. Be extremely careful in identifying the correct 
compass bearings to these pins as error in these bearings will bias current and future measurements 
of site size. Next, anchor the end of your tape to the centerpoint stake, measure and record the 
length of each transect (nearest 1/10 foot), starting with the same boundary pin and in the same 
clockwise order as before. Be absolutely certain that the appropriate pin distances are recorded 
adjacent to their respective compass bearings. Leave boundary pins in place until you finish all other 
site measurements. 

Step 4. Measure Island_and Satellite Areas. Identify any undisturbed "islands" of vegetation inside 
site boundaries (often due to clumpings of trees or shrubs) and disturbed "satellite" use areas outside 
site boundaries (often due to tent sites or cooking sites). Use site boundary definitions for 
determining the boundaries of these areas. Use the Geographic Figure Method to determine the areas 
of these islands and satellites. Remove the centerpoint stake. Place a 4 inch long galvanized steel 
nail through the hole in the campsite number tag and bury at the centerpoint so that the tag is 2-3 
inches underground. 
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Shelter Assessment Procedures 
  

The Variable Radial Transect 
Method must be modified for 
assessing shelter sites. Three 
separate areas must be measured 
and combined: two areas (C, and 
C,) that are assessed with a 
modified variable radial transect 
method, and one area (S) accounts 
for the shelter and is assessed 
with the geometric figure method. 
Figure 12 illustrates how these ” 
methods are applied to a typical xX. 
shelter site. Unless specifically 
addressed below, procedures 
follow those described earlier for 
the standard Variable Radial 
Transect Method. SY 

Step 1 Identify site boundaries 
and flag transect_endpoints. 
Define the shelter site boundary 
with flags. 

Step 2 Select_and reference two 
centerpoints. Shown in 
Figure 12 as points C, and C,, 
these centerpoints must be at 
least 8 feet from the shelter and 
firepit(s) so that magnetic 
interference will not affect the 

      
  

compass or magnetic pin | Figure 12. Modified variable radial transect method applied to 
locator. Each centerpoint will a shelter site. Note that three areas are measured (C,, C,, and 
account for the area on two S). 
sides of the shelter. However, 
note that the area for C, will 
have two boundaries which paralle] the shelter sides and extend out to the campsite boundary. 
Center point C, should be permanently referenced with a nail with an aluminum tag, as on 
campsites. The other centerpoint, C,, should be referenced only with a nail. Both centerpoints 
must be independently referenced to 3 permanent features and no more than one reference point 
should be a corner of the shelter in case it is moved or rebuilt in the future. Ideally the tagged 
centerpoint should be in the rear of the shelter to reduce the possibility that it may be discovered 
and removed by a visitor. 

Step 3. Establish boundary “joint” flags. Two additional flags must be placed on the boundary 
where the two figures "join" (shown as flags X, in Figure 12). These flags are aligned with the 
two shelter walls that bound the area associated with centerpoint C,. Position the flags by 
standing on the boundary and sighting along each wall so that a straight line can be visualized that 
would connect the boundary to the near corner and on through to the far corner (i.e., X, to Y to 
X). 

Step 4 Record transect_azimuths and lengths. As for campsites, stand over the centerpoints and 
record the azimuth (bearing) and distance to each flag on the perimeter and to the relevant corners 
of the shelter (refer to Figure 12). The C, area will include a transect to | shelter corner; the C, 
area will contain reference to each of the remaining three shelter corners. 

Step 5 Record the area of the shelter. The shelter is a rectangle with an area equal to the length of 
the long side multiplied by the length of the short side. Measure and record these two lengths. 

NOTE: Any modification of these procedures that may be necessitated by a unique shelter 
configuration must be noted clearly on the Shelter Assessment Form. 
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PROTOCOL FOR HANDLING CAMPSITE MONITORING DOCUMENTS 

To ensure all materials are stored properly, the following protocol must be followed carefully when 
handling campsite monitoring documents. 

1. File each set of trail surveys separately in a manila folder labeled with the trai] number, trail name, 
and any district information. These folders should be indexed according to trail number. 

2. Each folder will contain: 

Field maps 

Area maps 

Trail 
Summary 
Forms 

Campsite 
Survey 
Forms 

Appendix B 

Every map made of an area must be retained in the folder. This includes the 
original field maps, the clean field maps, and any extra field maps. 

When several sites are found in a small area, a hand-drawn map should be made 
no more than two weeks after the area was surveyed. These area maps must 
have a key with the following information: 1) trail number, 2) trail name, 
3) sequence of campsite numbers on the map, and 4) the complete date 
that the area was surveyed. Each campsite should be referenced to those sites 
closest to it. When several sites are close together, surveyors should reference 
the distance and bearing to every campsite in the immediate area (i.e., to the 
closest campsites that do not have another site between it and the site being 
surveyed). 

When a trail has been completely hiked, a summary form will be compiled and 
will contain a list of the number and condition class of each individual 
campsite. Surveyors will tally the total number of sites, and the total number of 
sites within each condition class. 

Every campsite survey form will be filed in the appropriate folder. Except 
where impractical, the forms will be filed in ascending order according to the 
campsite number. Each form completed for a designated camping area will be 
filed with the sites found in that area. No form damaged in the field will be 
destroyed. If a form is damaged, a hand-copy should be made and stapled to 
the front of the original form. 
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Shenandoah National Park Campsite Monitoring Form A 

1) Ranger District 2) Trail Code 3) Campsite No. 

4) Inventoried by 5) Date f/f 
6) Campsite Location: USGS Quad Code Locate/Label Site on Map _ _ 

Describe Location 
  

  

  

Inventory Parameters 

Campsite is (Y/N): 
7) >1/2 mi. from developed park areas | 8) >250 yds. from paved roads 

9) Out of sight of formal trail ___—- 10) - “No Camping" post visible 
11) Evidence of horse use 

| 

  

12) Aspect 13) Elevation 

14) Site Position (F=Foot M=Midslope U=Upper Slope) 

15) Distance to Formal Trail (Code as -1 if over 5 min. walk) (1 pace = ft) 

16) Distance to Water (1=<25 ft 2=26-100 ft 3=101-200 ft 4=>201 ft) 

17) Water Source (S=Spring C=Creek/River I=Intermittent N=None= > 5 min. walk) 

18) Forest Cover Type (CHO YP VP NRO BL EH COH PP SP) 

19) Tree Canopy Cover, Branch Projection (Use categories below) 

20) Tree Canopy Cover, Leaf Projection (Use categories below) PI
TT
 

TLE
 

| 
Impact Parameters 

-- Apply Variable Radial Transect Method -- 
21) Condition Class (3, 4, or 5) 

22) Vegetative Ground Cover Onsite (Use categories below) 
(1=0-5% 2=6-25% 3=26-50% 4=51-75% 5=76-95% 6=96-100%) 

23) Vegetative Ground Cover Offsite (Use categories above) 

24) Soil Exposure (Use categories above) 

25-27) Tree Damage —None/Slight Moderate Severe 

28-30) Root Exposure None/Slight Moderate Severe 

31) Number of Tree Stumps 

32) Number of Fire Sites 

33) Number of Trails 

34) Total Campsite Area (Office)   
HI 

| 
an
 

n Oa
 > 

- 

paces 

  
  

Appendix B Peter B. Williams 164



  

Comments/Recommendations: 

Shenandoah National Park Campsite Monitoring Form A [| PAGE 2 } 

  

  

  

  

Photo Description 
Campsite/Centerpoint Photo: Roll # Photo # Bearing Distance 

  

Campsite Centerpoint References 

1) 
2) 
3) 
Bury Nail/Tag _ 

Satellite Site Dimensions Bearing Distance 

Campsite Area from dBASE Program 

Satellite Area 

-- Island Area 

Total Campsite Area 

+
 

il   
Island Site Dimensions Bearing Distance 

(sq ft) 

Transect Data 

Bearing Distance (ft) 

1) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 

10) 

11) 

12) 

13) 

14) 

15) 

16) 

17) 

18) 

19) 

20) 

21) 

22) 

23) 

24)   
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Shenandoah National Park Campsite Monitoring Form B 

1) Ranger District 2) Trail Code 3) Campsite No. 
4) Inventoried by 5) Date _ . /  / 

6) Campsite Location: USGS Quad Code Locate/Label Site on Map ___ 

Describe Location 
  

  

  

Campsite/Centerpoint Photo: Roll # Photo # 
Photo Description 

Campsite is (Y/N): 

7) >1/2 mi. from developed park areas — 8) >250 yds. from paved roads —__ 
9) Out of sight of formal trail _ 10) “No Camping" post visible 

15) Distance to Formal Trail (Code as -1 if over 5 min. walk) {(lpace= sft} = =§__sépaces 

16) Distance to Water (1=<25 ft 2=26-100 ft 3=101-200 ft 4=>201 fi) _ 

21) Condition Class (ior2) _ 34) Total Campsite Area (office) sq ft 
Bury Nail/Tag 

  

Shenandoah National Park Campsite Monitoring Form B 

  

  

  

  

1) Ranger District 2) Trail Code 3) Campsite No, 
4) Inventoried by 5) Date f/f 

6) Campsite Location: USGS Quad Code Locate/Label Site on Map —__ 

Describe Location 

Campsite/Centerpoint Photo: Roll# —  Photo# 

Photo Description 

Campsite is (Y/N): 

7) >1/2 mi. from developed park areas 8) >250 yds. from paved roads 

9) Out of sight of formal trail 10) "No Camping” post visible 

15) Distance to Formal Trail (Code as -1 if over 5 min. walk) (i pace = ft) paces | 16) Distance to Water (1=<25 ft 2=26-100 ft 3=101-200 ft 4=>201 ft) 

21) Condition Class (1 or 2) 34) Total Campsite Area (office) sq ft 

Bury Nail/Tag 
—<_     
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METHODS FOR ASSESSING RATER PRECISION 

To understand data from an survey of backcountry campsites, an investigator must assess the 

precision of raters. This precision reflects the consistency of the raters. The more consistent the 

raters are with each other, the greater their precision. The objective of these methods is to 

accurately reproduce the procedures of the larger survey except that multiple assessment of a 

single campsite occurs. 

These methods assume the larger survey is designed to complete a single assessment of each 

individual campsite in a protected area. Such a census design allows no other method to assess rater 

precision other than the methods here. A multiple rater assessment design, however, would not 

necessitate a separate study of rater precision. 

MATERIALS 
e All raters involved in the larger campsite assessment effort. 

* Complete sets of campsite assessment materials for each rater or team of raters. 
e 5-10 campsites representative of all campsites in the entire protected area, but all the sites 

selected for this assessment should be in a local area to eliminate travel time and increase 
efficiency. 

° A full day. 

METHODS 

Step 1. Each rater or team of raters is assigned a number that they place at the top of each survey 
form they comple. They then independently assess each campsite with the same techniques of the 

larger survey. Communication between raters other than team members must not occur if the 

methods of the larger survey are to be accurately reproduced. Each rater or team of raters 

establishes independent boundaries for the campsite following the procedures of the larger survey. 
If the larger survey is the first iteration of a monitoring program, then boundaries and campsite 

areas should reflect the typical agreement among raters. If, on the other hand, the larger survey is 

reassessing campsites and boundary flag locations from that previous assessment exist, then raters 

should reestablish boundaries as they would during the larger survey. 

Step 2. Results from the independent surveys should be collected immediately and compiled into a 

database for analysis. The database structure should include four fields: 

(1) the rater number 

(2) the campsite number (1 through n , not the campsite tag number!) 

(3) the indicator number 

(4) the value reported by each rater or team of raters for each indicator at each campsite. 

Step 3. Sort the database by (1) indicator, (2) campsite, and (3) rater. Analyze the sorted database 

with the procedure VARCOMP in the SAS statistical program. This procedure applied to the 

database structure produces a factorial ANOVA. 
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Example of SAS VARCOMP procedure for analyzing results from a rater precision study: 

proc dbf db4=shensas; 

run; 
title! ’shen: y= rec’; 

title2 *"RB-55: block by rater’; 

proc varcomp method=typel; 
class rc; 

model y=r c; 

by v; 

run; 

Step 4. Import the factorial ANOVA results from VARCOMP into a computer spreadsheet program 

and apply the mathematical formulas found in Shavelson and Webb (1991) to produce the G-study 

and D-study results. 
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Appendix C 

Generalizability study and single rater precision estimate 

Shenandoah Rater Precision Data. 7 
Campsite = Universe score; Rater = Conditions tested. | 
D1 = Single Assessment Confidence (Decision study with one rater). 

FOREST COVER TYPE: unit = 1 category. 
COMP df ss MS VARCOMP VAR% D1 

S2R 4.000 1.040 0.260 0.020 7.143 0.020 
S2C 4.000 2.640 0.660 0.100 35.714 0.100 
S2Error 16.000 2.560 0.160 0.160 57.143 0.160 
S2TOTALS 6.240 1.080 0.280 100.000 
SIGrel 0.160 

SIGabs 0.180 
RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 0.385 
PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 0.357 

TREE CANOPY, BRANCH (hypothetical) unit = percentage 
COMP df SS MS VARCOMP VAR% D1 

S3R 4.000 2.800 0.700 0.120 31.579 0.120 
S3C 4.000 3.600 0.900 0.160 42.105 0.160 
S3Error 16.000 1.600 0.100 0.100 26.316 0.100 
S3TOTALS 8.000 1.700 0.380 100.000 
SIGrel 0.100 

SIGabs 0.220 

RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 0.615 
PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 0.421 

TREE CANOPY, LEAF (actual) unit = percentage 

COMP df ss MS VARCOMP VAR% D1 

S4R 4.000 2.160 0.540 0.070 17.949 0.070 
S4C 4.000 3.360 0.840 0.130 33.333 0.130 
S4Error 16.000 3.040 0.190 0.190 48.718 0.190 
S4TOTALS 8.560 1.570 0.390 100.000 
$iGrel 0.190 
SIGabs 0.260 
RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 0.406 
PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 0.333 

CONDITION CLASS unit = category 
COMP df ss MS VARCOMP VARA D1 

S5R 4.000 0.400 0.100 0.000 0.000 0.000 
s5Cc 4.000 3.600 0.900 0.155 55.357 0.155 
S5E€rror 16.000 2.000 0.125 0.125 44.643 0.125 
SSTOTALS 6.000 1.125 0.280 100.000 
$1Grel 0.125 
SiGabs 0.125 
RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 0.554 
PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 0.554 
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VEGETATION ON SITE unit = percentage 

COMP df ss MS VARCOMP VAR% 

S6R 4.000 0.960 0.240 0.025 6.849 
SéC 4.000 4.960 1.240 0.225 61.644 
SéError 16.000 1.840 0.115 0.115 31.507 
S6TOTALS 7.760 1.595 0.365 100.000 
SIGrel 

SiGabs 

RHOsq REL. POWER; (€1-RHOsq)*Indicator Value=Relative Confid.. 

PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 

VEGETATION OFF SITE unit = percentage 
COMP df ss MS VARCOMP VAR% 
S7R 4.000 2.160 0.540 0.030 1.622 
s7C 4.000 30.160 7.540 1.430 77.297 
S7Error 16.000 6.240 0.390 0.390 21.081 
S7TOTALS 38.560 8.470 1.850 100.000 
SIGrel 

S1Gabs 

RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 
PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 

SOIL EXPOSURE unit = category 

COMP df ss MS VARCOMP VARK% 
S8R 4.000 10.160 2.540 0.405 24.923 
S&C 4.000 16.160 4.040 0.705 43.385 
S8Error 16.000 8.240 0.515 0.515 31.692 
S8TOTALS 34.560 7.095 1.625 100.000 
SiGret 

SI1Gabs 

RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 
PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 

TREE DAMAGE, NONE-SLIGHT unit = count 

COMP df ss MS VARCOMP VAR% 

SOR 4.000 8.560 2.140 0.305 12.788 
S9C 4.000 31.760 7.940 1.465 61.426 
S9Error 16.000 9.840 0.615 0.615 25.786 
S9TOTALS 50.160 10.695 2.385 100.000 
S{Grel 

SIGabs 
RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 
PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 

TREE DAMAGE, MODERATE unit = count 

COMP df ss MS VARCOMP VAR% 
S10R 4.000 3.440 0.860 0.075 7.538 
$10C 4.000 10.640 2.660 0.435 43.719 
$10Error 16.000 7.760 0.485 0.485 48.744 
S1OTOTALS 21.840 4.005 0.995 100.000 
S$1Grelt 
SIGabs 

RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 
PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 
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D1 

D1 

D1 

D1 

0.025 
0.225 
0.115 

0.115 
0.140 
0.662 
0.616 

0.030 
1.430 
0.390 

0.390 
0.420 
0.786 
0.773 

0.405 
0.705 
0.515 

0.515 
0.920 
0.578 
0.434 

0.305 
1.465 
0.615 

0.615 
0.920 
0.704 
0.614 

0.075 
0.435 
0.485 

0.485 
0.560 
0.473 
0.437 
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TREE DAMAGE, SEVERE unit = count 

COMP df SS MS VARCOMP VAR% D1 

S11R 4.000 2.240 0.560 0.080 23.529 0.080 
$11C 4.000 2.640 0.660 0.100 29.412 0.100 
$11Error 16.000 2.560 0.160 0.160 47.059 0.160 
S11TOTALS 7.440 1.380 0.340 100.000 
Sicrel 0.160 
SIGabs 0.240 
RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 0.385 
PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 0.294 

ROOT EXPOSURE, NONE-SLIGHT unit = count 

COMP df ss MS VARCOMP VAR% D1 

$12R 4.000 14.560 3.640 0.565 36.102 0.565 
$12C 4.000 6.960 1.740 0.185 11.821 0.185 
Si2Error 16.000 13.040 0.815 0.815 52.077 0.815 
S12TOTALS 34.560 6.195 1.565 100.000 
SIGrel 0.815 
SIGabs 1.380 
RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 0.185 
PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 0.118 

ROOT EXPOSURE, MODERATE unit = count 
COMP df ss MS VARCOMP VAR% D4 
S13R 4.000 10.240 2.560 0.365 20.917 0.365 
$13C 4.000 15.84 0.370 

ROOT EXPOSURE, SEVERE unit = count 
COMP df Ss MS VARCOMP VARA D1 

S14R 4.000 1.840 0.460 0.050 10.638 0.050 
S14C 4.000 5.040 1.260 0.210 44.684 0.210 
$14Error 16.000 3.360 0.210 0.210 44.681 0.210 
S14TOTALS 10.240 1.930 0.470 100.000 
SIGret 0.210 
SI Gabs 0.260 

RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 0.500 
PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 0.447 

STUMPS unit=count 

COMP df Ss MS VARCOMP VARA D1 

S15R 4.000 0.560 0.140 0.000 0.000 0.000 
$15C 4.000 8.160 2.040 0.365 62.931 0.365 
$1i5Error 16.000 3.440 0.215 0.215 37.069 0.215 
S15TOTALS 12.160 2.395 0.580 100.000 
S$iGrel 0.215 

SIGabs 0.215 
RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 0.629 
PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 0.629 

FIRE SITES unit = count 

COMP df ss MS VARCOMP VAR% D1 

S16R 4.000 1.360 0.340 0.000 0.000 0.000 

$16C 4.000 44.960 11.240 2.130 78,309 2.130 

$16Error 16.000 9.440 0.590 0.590 21.691 0.590 

S16TOTALS 55.760 12.170 2.720 100.000 

SIGrel 0.590 

SIGabs 0.590 
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RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 0.783 
PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 0.783 

TRAILS unit = count 

COMP df Ss MS VARCOMP VAR% | 

S17R 4.000 8.640 2.160 0.310 26.957 0.310 

$17C 4.000 7.040 1.760 0.230 20.000 0.230 

$i7Error 16.000 9.760 0.610 0.610 53.043 0.610 

S17TOTALS 25.440 4.530 1.150 100.000 

SIGrel 0.610 

SIGabs 0.920 

RHOsq REL. POWER; (€1-RHOsq)*Indicator Value=Relative Confid.. 0.274 
PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 0.200 

TOTAL AREA unit = square feet 
COMP df ss MS VARCOMP VAR% D4 

$18R 4.000 492260.960 123065.240 19435 .930 15.253 19435 .930 
$18C 4.000 1745585.760 436396.440 82102.170 64.432 82102.170 
S18Error 16.000 414169.440 25885.590 25885 .590 20.315 25885 .590 
S18TOTALS 2652016.160 585347.270 127423.690 100.000 
SIGrel 25885 .590 
S1Gabs 45321.520 
RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 0.760 
PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 0.644 

VEGETATION LOST unit = category 
COMP df ss MS VARCOMP VAR% D1 
S19R 4.000 3.040 0.760 0.060 5.769 0.060 
$19¢ 4.000 12.240 3.060 0.520 50.000 0.520 
$19E€rror 16.000 7.360 0.460 0.460 44.231 0.460 
S19TOTALS 22.640 4.280 1.040 100.000 
SIGrel 0.460 

SIGabs 0.520 

RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 0.531 
PHI ABS. POWER; (1-PH1)*Indicator Value=Absolute Confid.. 0.500 

VEGETATION LOST unit = percentage 
COMP df ss MS VARCOMP VARA D1 

S20R 4.000 1130.560 282.640 15.855 2.287 15.855 
$20¢ 4.000 10294 .160 2573 .540 474.035 68.378 474.035 
S20Error 16.000 3253 .840 203.365 203.365 29.335 203.365 
S20TOTALS 14678 .560 3059.545 693.255 100.000 
S1Grel 203.365 
SIGabs 219.220 
RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 0.700 
PHI ABS. POWER; (1-PHI)*Indicator ValuesAbsolute Confid.. 0.684 

VEGETATION LOST, AREA unit = square feet 

COMP df SS MS VARCOMP VARA D1 

S21R 4.000 62179.360 15544.840 1000.895 1.146 1000.895 
S21C 4.000 1557405.760 389351.440 75762.215 86.780 75762.215 
S2iError 16.000 168645.840 10540.365 10540.365 12.073 10540.365 
S21TOTALS 1788230.960 415436.645 87303.475 100.000 
SiIGrel 10540.365 
S$IGabs 11541.260 
RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 0.878 
PHI ABS. POWER; (1-PH1)*Indicator Value=Absolute Confid.. 0.868 
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TREES, TOTAL unit = count 

COMP df Ss MS VARCOMP 

S22R 4.000 1.840 0.460 0.000 

S22C 4.000 45.840 11.460 2.165 

S22Error 16.000 10.160 0.635 0.635 

S22TOTALS 57.840 12.555 2.800 

SlGrel 

SIGabs 

VAR% 

0.000 
77.321 
22.679 

100.000 

RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 
PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 

PERCENT TREES DAMAGED unit = percentage 

COMP df ss MS VARCOMP 

S23R 4.000 5597 .840 1399 .460 227.400 

$23C 4.000 7046.240 1761.560 299 .820 

S23E—Error 16.000 4199 .360 262.460 262.460 

S23TOTALS 16843 .440 3423 .480 789 .680 

SIGrel 

SIGabs 

VAR&% 

28.796 
37.967 
33.236 

100.000 

RHOsq REL. POWER; (€1-RHOsq)*Indicator Value=Relative Confid.. 
PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 

PERCENT TREES WITH EXPOSED ROOTS unit = percentage 

COMP df ss MS VARCOMP 

S24R 4.000 9903 .760 2475 .940 412.355 

S$24C 4.000 8787.760 2196.940 356.555 

S24Error 16.000 6626.640 414.165 414.165 

S24TOTALS 25318.160 5087.045 1183 .075 

$1Grel 

SIGabs 

VAR&% 
34.855 
30.138 
35.008 

100.000 

RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 

PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 

EXPOSED SOIL, PERCENTAGE 
COMP df ss 

S25R 4,000 5290. 

$25C 4.000 5823. 

S25Error 16.000 6078. 

S25TOTALS 17193. 

S$IGrel 

S1Gabs 

unit = percentage 

MS VARCOMP 

960 1322.740 185.053 
900 1455 .975 219.606 
500 379.906 379 .906 
360 3158.621 784 565 

VAR% 
23.587 
27.991 
48.423 
100.000 

RHOsq REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 
PHI ABS. POWER: (1-PHI)*Indicator Value=Absolute Confid.. 

EXPOSED SOIL, AREA unit = square feet 

COMP df ss MS VARCOMP 

S26R 4.000 416232.640 104058.160 16731.695 

S26C 4.000 1288205.040 322051.260 60330 .315 

S26Error 16.000 3263594 .960 20399.685 20399 .685 

S26TOTALS 2030832.640 446509.105 97461 .695 

SIGrel 

SIGabs 

VARZ% 
17.167 
61.902 
20.931 

100.000 

RHOsg REL. POWER; (1-RHOsq)*Indicator Value=Relative Confid.. 

PHI ABS. POWER; (1-PHI)*Indicator Value=Absolute Confid.. 
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D4 
0.000 
2.165 
0.635 

0.635 
0.635 
0.773 
0.773 

D1 
227.400 
299 .820 
262.460 

262.460 
489.860 

0.533 
0.380 

D1 
412.355 
356.555 
414.165 

414.165 
826.520 

0.463 
0.301 

Di 
185.053 
219.606 
379.906 

379.906 
564.959 

0.366 
0.280 

D1 
16731.695 
60330.315 
20399 .685 

20399.685 
37131 .380 

0.747 
0.619 
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Shenandoah Backcountry Campsite Rater Precision Data: 
Decision Studies with multiple assessment of 

Appendix D 

Decision studies 

Backcountry Campsite Conditions. 

Campsite 
Rater 
COMP 

Example: 
Note: 

= Universe score; 

D2 = Decision study with two raters. 

Conditions tested. 
component (S2R = Shenandoah, Indicator #2, Rater component). 

Greater RHOsq and PHI values reflect greater agreement among raters, 
a measure of precision though not necessarily accuracy. 

FOREST COVER TYPE: unit 
COMP D1 

S2R 0 

Sec 0 

S2Error 0 

S2 

SIGrel 0 

SiGabs 0 

RHOsq 0 

PHI 0 

TREE CANOPY, BRANCH (hypothetical) 

COMP D1 

S3R 0 

s3c 0 

S3Error 0 

$3 

SIGrel 0 

SIGabs 0 

RHOsq 0 
PHI 0 

-020 
- 100 
- 160 

- 160 
- 180 
-385 
357 

-120 
- 160 
- 100 

- 100 
-220 
~615 
421 

D2 

D2 

-010 
- 100 
- 080 o

o
o
 

- 080 
.090 
~556 
-526 o

o
a
o
o
 

0.060 
0.160 
0.050 

0.050 
0.110 
0.762 
0.593 

TREE CANOPY, LEAF (actual) 

COMP D1 

S4R 

S4C 

S4Error 

S4 

S$lGrel 

SIGabs 

RHOsq 

PHI 

o
o
 

0 
o
o
o
o
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.070 
- 130 
. 190 

-190 
.260 
-406 
-333 

D2 

0.035 
- 130 
.095 Q

o
 

.095 
- 130 
-578 
.500 o
o
o
 0
o 

D4 

D4 

D4 

unit 

D6 D8 

0.030 0.020 0 

0.160 0.160 0. 

0.025 0.017 0 

0.025 0.017 0 

0.055 0.037 0 

0.865 0.906 0 

0.744 0.814 0 

= percentage 

Dé D8 
0.018 0.012 0 

0.130 0.130 0 

0.048 0.032 0 

0.048 0.032 0 

0.065 0.043 0 

0.732 0.804 0 

0.667 0.750 0 

Peter B. Williams 

1 category. 

D6 
0.005 0. 
0.100 0. 
0.040 0. 

0.040 0. 
0.045 0. 
0.714 Q. 
0.690 0. 

003 
100 
027 

027 
030 
789 
769 

D8 
0 
0 
0 

0 
0 
0 
0 

- 003 
. 100 
-020 

.020 
023 
.833 
-816 

unit = percentage 

-015 
160 

-013 

-013 
028 
-928 
-853 

.009 
- 130 
024 

-024 
.033 
-846 
-800 
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CONDITION CLASS unit = category 

COMP D1 

SSR 

s5Cc 

S5Error 

$5 

SIGrel 

SIGabs 

RHOsq 

PHI 

0.000 
0.155 
0.125 

0.125 
0.125 
0.554 
0.554 

D2 

VEGETATION ON SITE 

COMP D1 

S6R 

S6éC 

SéError 

S6 

SlGrel 

SIGabs 

RHOsq 

PHI 

VEGETATION OFF SITE 
COMP D1 

S7R 

S7C 

S7Error 

S7 

SlGrel 

SIGabs 

RHOsq 

PHI 

SOIL EXPOSURE unit 

COMP D1 

S8R 

S8C 

S8Error 

$8 

SIGret 

S$1Gabs 

RHOsq 

PHI 

0.025 
0.225 
0.115 

0.115 
0.140 
0.662 
0.616 

0.030 
1.430 
0.390 

0.390 
0.420 
0.786 
0.773 

0.405 
0.705 
0.515 

0.515 
0.920 
0.578 
0.434 

D2 

D2 

D2 

TREE DAMAGE, NONE-SLIGHT 

COMP | 

SOR 

soc 

S9Error 

S9 

SlGrel 

SIGabs 

RHOsq 

PHI 

Appendix D 

0.305 
1.465 
0.615 

0.615 
0.920 
0.704 
0.614 

D2 

D4 Dé 

0.000 0.000 

0.155 0.155 

0.063 0.031 

0.063 0.031 

0.063 0.031 

0.713 0.832 

0.713 0.832 

unit = percentage 

D4 D6 

0.013 0.006 

0.225 0.225 

0.058 0.029 

0.058 0.029 

0.070 0.035 

0.796 0.887 

0.763 0.865 

unit = percentage 
D4 D6 

0.015 0.008 

1.430 1.430 

0.195 0.098 

0.195 0.098 

0.210 0.105 

0.880 0.936 

0.872 0.932 

= category 

D4 Dé 

0.203 0.101 

0.705 0.705 

0.258 0.129 

0.258 0.129 

0.460 0.230 

0.732 0.846 

0.605 0.754 

unit = count 

D4 D6 

0.153 0.076 

1.465 1.465 

0.308 0.154 

0.308 0.154 

0.460 0.230 

0.827 0.905 

0.761 0.864 

0.000 
0.155 
0.021 

0.021 
0.021 
0.882 
0.882 

0.004 
0.225 
0.019 

0.019 
0.023 
0.922 
0.906 

0.005 
1.430 
0.065 

0.065 
0.070 
0.957 
0.953 

0.068 
0.705 
0.086 

0.086 
0.153 
0.891 
0.821 

0.051 
1.465 
0.103 

0.103 
0.153 
0.935 
0.905 

D8 

D8 

D8 

D8 

D8 

0.000 
0.155 
0.016 

0.016 
0.016 
0.908 
0.908 

0.003 
0.225 
0.014 

0.014 
0.018 
0.940 
0.928 

0.004 
1.430 
0.049 

0.049 
0.053 
0.967 
0.965 

0.051 
0.705 
0.064 

0.064 
0.115 
0.916 
0.860 

0.038 
1.465 
0.077 

0.077 
0.115 
0.950 
0.927 
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TREE DAMAGE, MODERATE unit 

COMP D4 

S10R 

$10C 

$10Error 

$10 

SiGrel 

SlGabs 

RHOsq 

PHI 

0.075 
0.435 
0.485 

0.485 
0.560 
0.473 
0.437 

D2 
0. 
0. 
0. 

0. 
0. 
Q. 
0. 

038 
435 
243 

243 
280 
642 
608 

TREE DAMAGE, SEVERE unit 

COMP D1 

S11R 

$11C 

$11Error 

$11 

SiGrel 

SIGabs 

RHOsq 

PHI 

0.080 
0.100 
0.160 

0.160 
0.240 
0.385 
0.294 

D2 
0. 
0. 
0. 

0. 
0. 
0. 
0. 

040 
100 
080 

080 
120 
556 
455 

D4 
= count 

0 
0 
0 

0 
0 
0 

0 

o
o
o
 

g
o
o
o
o
 

. 
6 

« 
@ 

Dé 
019 
435 
124 o

o
o
 

D6 
.020 
- 100 
-040 o

o
o
 

-040 
060 
714 
-625 o

o
 
o
o
 

ROOT EXPOSURE, NONE-SLIGHT unit = count 
COMP D1 

S12R 

$12C 

Si2Error 

St2 

$1Grel 

SI Gabs 

RHOsq 

PHI 

0.565 
0.185 
0.815 

0.815 
1.380 
0.185 
0.118 

D2 
0. 
0. 
0. 

0. 
0. 
0. 
0. 

283 
185 
408 

408 
690 
312 
211 

D4 

o
o
o
o
 

ROOT EXPOSURE, MODERATE unit = 

COMP D1 

S13R 

$13C 

$13Error 

$13 

SiGrel 

Sl1Gabs 

RHOsq 

PH] 

0.365 
0.645 
0.735 

0.735 
1.100 
0.467 
0.370 

D2 

o
o
o
o
 

ROOT EXPOSURE, SEVERE 
COMP D1 

S14R 

$14C 

$14Error 

$14 

SIGrel 

SiGabs 

RHOsq 

PHI 
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.050 
-210 
-210 QO

2o
0o

OO
oO

 

0.210 
0.260 
0.500 
0.447 

D2 

o
o
c
o
c
o
e
o
 

0.183 
0. 
0.368 

645 

368 
-550 
-637 
-940 

D4 

unit 

0.025 
0. 
0.105 

210 

-105 
- 130 
-667 
.618 

D4 

9
0
 

0 
o
o
o
o
 

0 
0. 
0 

Dé 
-141 
185 

~204 o
o
o
 

«204 
»345 
-476 
-349 o

o
o
o
 

count 

D6 

091 

-645 

- 184 Q
o
 o
 

- 184 
-275 
.778 
-701 o

a
o
o
o
 

= count 

o
o
o
 

o
O
o
0
o
o
o
 

D6 
.013 
-210 
-053 o

o
o
 

.053 
-065 
-800 
764 o

o
o
 o
 

Peter B. 

.013 
~435 
-081 

081 

- 843 
-823 

—_ ~~ oO
 

o
o
o
o
 

-013 
. 100 
-027 

-027 
040 
. 789 
«714 

-094 
-185 
- 136 

- 136 
-230 
-577 
~446 

-061 
~645 
123 

.123 
- 183 
-840 
779 

. 008 

.210 

.035 

.035 

.043 
-857 
-829 

D8 

o
o
o
 

a
o
a
0
O
0
0
 

D8 

o
Q
a
o
o
 

o
o
 
o
o
 

D8 

o
o
o
 

D8 

Q
a
o
o
 

o
o
o
o
 

D8 

o
o
o
 

Q
o
o
o
0
0
 

Williams 

o
o
o
o
 

.009 
435 
-061 

061 
.070 
.878 
861 

-010 
- 100 
-020 

.020 
-030 
. 833 
769 

.071 
-185 
- 102 

. 102 

»645 
-517 

-046 
-645 
.092 

-092 
. 138 
-875 
-824 

-006 
-210 
026 

-026 
.033 
889 
-866 
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STUMPS unit=count 

COMP D1 D2 D4 

S15R 0.000 0.000 0.000 

S15C 0.365 0.365 0.365 

S15Error 0.215 0.108 0.054 

si5 

SIGrel 0.215 0.108 0.054 

SIiGabs 0.215 0.108 0.054 

RHOsq 0.629 0.772 0.872 

PHI 0.629 0.772 0.872 

FIRE SITES unit = count 

COMP D1 D2 D4 

S16R 0.000 0.000 0.000 

$16C 2.130 2.130 2.130 

S16Error 0.590 0.295 0.148 

$16 

SIGrel 0.590 0.295 0.148 

SIGabs 0.590 0.295 0.148 

RHOsq 0.783 0.878 0.935 

PHI 0.783 0.878 0.935 

TRAILS unit = count 

COMP Di D2 D4 

S17R 0.310 0.155 0.078 

$17C 0.230 0.230 0.230 

S17Error 0.610 0.305 0.153 

$17 

SiGrel 0.610 0.305 0.153 

SIGabs 0.920 0.460 0.230 

RHOsq 0.274 0.430 0.601 

PHI 0.200 0.333 0.500 

TOTAL AREA unit = Square feet 
COMP D1 D2 D4 

S18R 19435.930 9717.965 4858.983 

$18C 82102.170 82102.170 82102.170 

S$18Error 25885.590 12942.795 6471.398 

$18 

SIGret 25885.590 12942.795 6471.398 

SIGabs 45321.520 22660.760 11330.380 

RHOsq 0.760 0.864 0.927 

PHI 0.644 0.784 0.879 

VEGETATION LOST unit = category 
COMP D1 D2 D4 

S19R 0.060 0.030 0.015 

$19C 0.520 0.520 0.520 

$19Error 0.460 0.230 0.115 

$19 

SiGrel 0.460 0.230 0.115 

SiGabs 0.520 0.260 0.130 

RHOsq 0.531 0.693 0.819 

PHI 0.500 0.667 0.800 

Appendix D 

D6 
0.000 
0.365 
0.036 

0.036 
0.036 
0.911 
0.914 

06 
0.000 
2.130 
0.098 

0.098 
0.098 
0.956 
0.956 

Dé 
0.052 
0.230 
0.102 

0.102 
0.153 
0.693 
0.600 

Dé 
3239 .322 

82102.170 
4314.265 

4314.265 
7553 .587 

0.950 
0.916 

Dé 
0.010 
0.520 
0.077 

0.077 
0.087 
0.872 
0.857 

D8 

o
o
 

o
o
o
o
 

d8 

O
n
o
 

o
o
o
o
 

Bs 

o
o
o
 

o
o
o
 o
 

D8 

2429. 
82102. 

-699 3235 

3235 
5665. 

-962 
-935 

D8 

o
o
o
 

o
O
o
 
0
0
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.000 
-365 
.027 

-027 
.027 
931 
931 

.000 
- 130 
074 

-074 
.074 
967 
-967 

-039 
-230 
.076 

.076 
~115 
751 
-667 

494 
170 

699 
190 

-008 
-520 
.058 

-058 
~065 
-900 
-889 
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VEGETATION LOST 

COMP D4 
S20R 

$20C 

S20Error 

$20 

SiGrel 

S1Gabs 

RHOsq 

PHI 

VEGETATION LOST, AREA 

COMP D1 

S21R 1 

$2ic 75762.215 75762 

S2iError 10540.365 5270 

$21 

SIGrel 

SIGabs 

RHOsq 

PHI 

15.855 
474.035 
203.365 

203.365 
219.220 

0.700 
0.684 

000.895 

0.878 
0.868 

unit = percentage 
D2 

D2 

10540.365 5270 
11541.260 5770 

TREES, TOTAL unit 
COMP D1 

S22R 

$22C 

S22Error 

S22 

$1Grel 

StGabs 

RHOsq 

PHI 

PERCENT TREES DAMAGED 
COMP D1 

S23R 

$23C 

§23Error 

$23 

SIGrel 

SIGabs 

RHOsq 

PHI 

0.000 
2.165 
0.635 

0.635 
0.635 
0.773 
0.773 

227.400 
299.820 
262.460 

262.460 
489.860 

0.533 
0.380 

D2 

D2 

7.928 
474.035 
101.683 

101.683 
109.610 

0.823 
0.812 

500.448 

0.935 
0.929 

= count 

.000 
- 165 
.318 O

n
 o

O 

-318 
-318 
-872 
.872 Q

o
o
o
o
 

113.700 
299.820 
131.230 

131.230 
244 .930 

0.696 
0.550 

D4 

unit 

D4 

D4 

D4 

D6 
3.964 2.643 

474.035 474.035 
50.841 33.894 

50.841 33.894 
54.805 36.537 
0.903 0.933 
0.896 0.928 

= square feet 

Dé 
250.224 166.816 

2215 75762.215 75762.215 
-183 2635.091 1756.728 

-183 2635.091 1756.728 
-630 2885.315 1923.543 

0.966 0.977 
0.963 0.975 

D6 
0.000 0.000 
2.165 2.165 
0.159 0.106 

0.159 0.106 
0.159 0.106 
0.932 0.953 
0.932 0.953 

unit = percentage 
D6 

36.850 37.900 
299.820 299 .820 
65.615 43.743 

65.615 43.743 
122.465 81.643 

0.820 0.873 
0.710 0.786 

D8 
1.982 

474.035 
25.421 

25.421 
27.403 
0.949 
0.945 

D8 
125.112 

75762.215 
1317.546 

1317 .546 

b8 
0.000 
2.165 
0.079 

0.079 
0.079 
0.965 
0.965 

D8 
28.425 

299.820 
32.808 

32.808 
61.233 
0.901 
0.830 

PERCENT TREES WITH EXPOSED ROOTS unit = percentage 

COMP D1 

S24R 

$24C 

S24Error 

$24 

SIGrel 

SlGabs 

RHOsq 

PHI 

Appendix D 

412.355 
356.555 
414.165 

414.165 
826.520 

0.463 
0.301 

D2 
206.178 
356.555 
207.083 

207.083 
413.260 

0.633 
0.463 

D4 Dé 
103.089 68.726 
356.555 356.555 
103.541 69.028 

103.541 69.028 
206.630 137.753 

0.775 0.838 
0.633 0.721 

b8 
51.544 

356.555 
51-771 

51.771 
103.315 

0.873 
0.775 

Peter B. Williams 178



Appendix D 

EXPOSED SOIL, PERCENTAGE unit = percentage 

COMP D1 D2 D4 
S25R 185.053 92.527 46.263 
$25C 219.606 219.606 219.606 
S25Error 379.906 189.953 94.977 
$25 
SIGrel 379.906 189.953 94.977 
SIGabs 564.959 282.480 141.240 
RHOsq 0.366 0.536 0.698 
PHI 0.280 0.437 0.609 

D6 
30. 

219. 
63. 

63 

0 

EXPOSED SOIL, AREA unit = square feet 
COMP D1 D2 D4 

S26R 16731.695 8365.848 4182.924 
$26C 60330.315 60330.315 60330.315 
S26Error 20399.685 10199.843 5099.92 
$26 
SIGret 20399.685 10199.843 5099.921 
SIGabs 37131.380 18565.690 9282.845 
RHOsq 0.747 0.855 0.922 
PHI 0.619 0.765 0.867 

D6 

2788. 
60330. 
3399. 

3399. 
563 
947 

0. 

6188 
0 

842 
606 
318 

-318 
94. 

776 
0. 

160 

700 

616 
315 
948 

948 

907 

D8 

23. 
219. 
47. 

47. 
70 

0 

D8 
2091 

2549. 
423 
-959 
-929 

4641 

Peter B. Williams 

132 
606 
488 

488 
-620 

0. 
-757 
822 

-462 
60330. 
2549. 

315 
961 

964 
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Appendix E 

Selected campsite assessment results 
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Table 5. North District campsites distributed by Condition Classes and Opportunity Classes. 
eee eee eee eee eee ee eee 

  

  

  

  

  

  

  

  

            

OPPORTUNITY CONDITION CLASSES ROW 

CLASSES Campsite Count TOTALS 

(& Opportunity Class percentage) (District 

%) 

1 2 3 4 

Primitive 2 12 - 1 15 

Wilderness (13%) (80%) (7%) (17%) 

Primitive 2 8 2 1 13 

Non-Wildemess (15%) (62%) (15%) (8%) (15%) 

Semi-primitive 2 22 4 2 30 

Wild. & Non-Wild. (7%) (73%) (13%) (7%) (34%) 

Threshold ] 1 - ~ 2 

(50%) (50%) (2.3%) 

Appalachian Trail 7 14 5 2 28 

(25%) (50%) (18%) (7%) (32%) 

District totals 14 57 11 6 88 

(District %) (16%) (65%) (13%) (7%) (100%)           
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Table 6. Central District campsites distributed by Condition Classes and Opportunity Classes 

  

    
  

  

  

  

  

OPPORTUNITY CONDITION CLASSES ROW 

CLASSES Campsite Count TOTALS 

(& Opportunity Class percentage) (District %) 

1 2 3 4 5 

Primitive 11 28 8 2 - 50 

Wilderness (22%) (56%) (16%) (6%) (15%) 

Primitive 2 1] 1 - - 14 

Non-Wilderness (14%) (79%) (7%) (4%) 

Semi-primitive 24 33 16 14 - 87 

Wild. & Non-Wild. (28%) (38%) (18%) (16%) (28%) 

Threshold 22 59 26 15 3 125 

(18%) (47%) (21%) (12%) (2%) (40%) 

Appalachian Trail 15 16 6 3 - 40 

(38%) (40%) (15%) (8%) (13%) 

Central District totals 74 147 37 35 3 316 

(District percentage) (23%) (46%) (18%) (11%) (1%) (100%)                     
  

a 
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Table 7. South District campsites distributed by Condition Classes and Opportunity Classes 

  

  

  

  

  

  

  

OPPORTUNITY CONDITION CLASSES ROW 

CLASSES Campsite Count TOTALS 

(& Opportunity Class percentage) (District %) 

1 2 3 4 5 | 

Primitive 16 18 5 5 - 44 

Wilderness (36%) (41%) (11%) (11%) (13%) 

Primitive ] - - - - ] 

Non- Wilderness (100%) (<1%) 

Semi-primitive 27 70 62 15 l 175 

Wild. & Non-Wild. (15%) (40%) (35%) (9%) (1%) (52%) 

Threshold 9 15 20 8 - 52 

(17%) (29%) (39%) (15%) (15%) 

Appalachian Trail 17 24 20 6 - 67 

(25%) (36%) (30%) (9%) (20%) 

District totals 70 127 107 34 1 339 

(District percentage) (21%) (38%) (32%) (10%) (<1%) (100%)                       

On 
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Table 8. Shenandoah National Park campsites distributed by District and Condition Classes 

and compared with numbers of campsites found during 1981-1983. 
eee eee eee ee ae 

  

  

    
  

  

              
  

  

  

  

DISTRICTS CONDITION CLASS DISTRICT 
Campsite Count TOTALS 

(& District percentage) (Park %) 

1 2 3 4 5 

North District 14 57 1] 6 - 88 

(16%) (65%) (13%) (7%) (12%) 

Central District 74 147 57 35 3 316 
(23%) (46%) (18%) (11%) (1%) (43%) 

South District 70 127 107 34 ] 339 
(21%) (38%) (32%) (10%) (<1%) (46%) 

Totals 158 331 175 75 4 743 

(Park percentage) (21%) (45%) (24%) (10%) (<1%) (100%) 

Distribution of sites assessed during 1981-1983 period (An estimated 80% of campsites in | 

Shenandoah National Park). 

North District - - - - - 100 

(10%) 

Central District - - - - - 623 

(62%) 

South District - - - ~ - 288 

(28%) 

Totals - - - - - 1011 

(100%)                       
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Vita 

Peter Buckelew Williams 

Career Objective 
  

Contribute to the thoughtful management, constructive use, and responsive protection of natural resources 
at the regional and national level. 

Education 
  

MS, 1994. Wildland Recreation and Park Management. Virginia Tech, College of Forestry and 
Wildlife Resources, Department of Forestry, Blacksburg, Virginia, 24061. Thesis: Backcountry 
Campsite Conditions Assessed for Limits of Acceptable Change Planning in Shenandoah 
National Park . 
Dr. Jeffrey L. Marion, advisor. 

AB, 1986. Political Science and Religion (double major). Kenyon College, Gambier, Ohio, 43022. 
Religion Department thesis: The Process of a Sermon, an exploration of the cultures that 
produced Buddha's Fire Sermon and Jesus’ Sermon on the Mount . 
Dr. Mary Dean-Otting, advisor. 

Employment 
  

Research Assistant/Research Associate, Department of Forestry, Virginia Tech, 1991-1994. 
* Responsibilities: coordinated and analyzed comprehensive survey of campsites in Shenandoah N_P., 

Great Smoky Mountains N.P., and Big Bend N.P.; responsible for N.P.S. Management Reports 
based on survey results; technical consultant for Shenandoah N.P. Backcountry Management 
Planning Committee; assisted formulation of Limits of Acceptable Change indicators and 
standards for managing Shenandoah N.P. campsites. 

Assistant Manager, Appalachian Mountain Club Trails Program, 1987-1991. 
* Responsibilities: hired and administered 20+ seasonal trail staff; program staff consultation projects; 

coordination of national and international volunteer crews; directed training of staff and 
volunteer crews; short and long range planning for trail projects, trail design, trail system 
inventories, trail system assessments with state and federal agencies including Delaware Water 
Gap NRA, New River Gorge NRA, and Acadia NP; launched broad conversion to computer 
applications within trails program. 

Wilderness Work Skills Instructor, Student Conservation Association, 1988-1994. (Consultant). 
* Responsibilities: Provision of quality instruction to State and Federal Agency employees in the use of 

native materials and non-mechanized techniques of trail construction and reconstruction. Special 
emphasis on philosophical considerations appropriate when making decisions about construction 
in protected areas. 
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