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ABSTRACT

CHARACTERIZING AND MODELING THE RECREATION USE OF
DISTANCE SEGMENTED USDA FOREST SERVICE VISITORS

By

Eric M. White

The recreation behavior, consumption patterns, and activity participation of
visitors to lands managed by the USDA Forest Service (USDA FS) is highly variable. To
adequately manage and plan for recreation at the local level, USDA FS natural resource
managers must identify the types and quantity of recreation use at individual national
forests. This study presents an approach to segmenting and modeling the recreation use of
national forest visitors that informs recreation management and planning decisions.
Under the adopted segmentation framework, national forest visitors are classified into
distance-based visitor segments based upon the proximity of their home to national forest
visited. Three distance segments are recognized: Local, Mid-distance, and Long-distance.
Local visitors live very close to the national forest, Mid-distance visitors live within a
moderate drive of the forest resource, and Long-distance visitors live in the “rest of the
world”. Using visitor survey data obtained for USDA FS Regions 2 and 9 via the
National Visitor Use Monitoring (NVUM) project, visitors in the three segments are
characterized in terms of their recreation behavior, consumption pattems, and activity
participation. Statistical tests are completed to determine differences in visitor

characteristics both between study regions and between the visitor segments themselves.




Few statistical differences are found between study region after accounting for
differences due to visitor segmentation and trip type. Capitalizing on the segmentation
framework, recreation use models are developed to predict the forest-level recreation use
of Local and Mid-distance recreation segments. Models of Local segment recreation use
predict visitation based upon local population counts, participation rates and annual visit
frequencies. The recreation use of Mid-distance visitors is modeled via multi-site zonal
travel cost models. Separate zonal travel cost models were estimated for Mid-distance
day trips and Mid-distance overnight trips. While the parameters and coefficients of the
constructed models were consistent with theory, evaluation of model prediction proved

inconclusive.
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CHAPTER 1

INTRODUCTION

Recreation, encompassing a wide array of activities, is a fundamental component
of American life. While many recreation pursuits take place indoors, recreation in the
outdoors is prominent. It is estimated that 98% of people in the U.S., 16 years of age or
older, participate in some form of outdoor recreation activity in a given year (Interagency
Survey Consortium, 2002). The rate of participation in outdoor recreation activity has
remained steady to slightly increasing since the early 1960’s (Outdoor Recreation
Resources Review Commission, 1962; National Park Service, 1986; Interagency Survey
Consortium, 1995; Interagency Survey Consortium, 2002). Individuals in the U.S. are
most likely to participate in relatively passive outdoor recreation activities such as
walking (82%) or taking part in family gatherings (74%). More active outdoor recreation
pursuits such as developed camping (26%), mountain biking (21%), or hunting (11%) are

undertaken with less propensity (Interagency Survey Consortium, 2002).

While privately-owned lands also provide recreation opportunities, publicly-
owned lands have long served a central role in the provision of places for people to
recreate. The basis for public entry to lands for the purpose of recreation was established
by the “fishing and fowling” laws enacted in the colonial period (Douglass, 1999). The
establishment of public recreation areas began in 1710 with the city forest of Philadelphia

and continued in the mid 1800’s with the work of Frederick Law Olmstead and the



advent of city parks (Douglass, 1999). Public recreation on federally-owned lands in the
U.S. began in the latter half of the 19" century and expanded rapidly in the early 20"
century; concurrent with the expansion of the forest reserves managed by the then U.S.

Forest Service and with the establishment of the National Park Service.

In the early 21* century, the role of publicly-owned lands as the primary provider
of outdoor recreation opportunities is firmly cemented. Wellman and Propst (2004) state:
“...these (lands) have allowed many American to participate in
forms of recreation that honor their pioneering heritage, respond to their
desire to take risks, allow them temporarily to move from their complex
everyday environments into quieter and greener places, and offer special
opportunities for them to discover things about themselves and their
surroundings”.
Recreation opportunities are provided on lands owned by all levels of government. City-
and county-owned lands may support a limited number of outdoor recreation activities
(e.g. walking, picnicking, etc.), while state- and federally-owned land areas may provide
opportunities for a greater variety of pursuits (e.g. picnicking, camping, rock climbing,

hunting, etc.).

Federally, the USDA Forest Service (USDA FS), the National Park Service
(NPS), the Bureau of Land Management (BLM) and the U.S. Army Corps of Engineers
(ACOE), among others, manage land for public recreation. In 2003, NPS sites across the

nation received an estimated 266 million visits (NPS, Public Use Statistics Office, 2004).



The ACOE receives approximately 385 million visits annually at its managed recreation
areas (U.S. ACOE, 2004). Annual visitation to USDA Forest Service lands is estimated
to be 205 million visits (English, Pers. Comm.) while the BLM reports approximately 61
million annual visits (BLM, 1999). The NPS manages 95 million acres of land and the
ACOE manages 12 million acres of land and water. Both agencies manage lands located
throughout the nation. The USDA FS and BLM manage much larger areas than the other
two agencies, 191 million acres and 262 million acres, respectively. Lands managed by
the BLM are located almost exclusively in the western contiguous U.S. and Alaska while
USDA FS land is concentrated in the contiguous west, but located throughout the nation.
With extensive land holdings, accessibility to much of the U.S. population, a variety of
natural features, and high rates of visitation, the USDA FS is an indispensable provider of

recreation opportunity in the U.S. and is the focus of the research presented here.

Research Problem

Characterizing recreation visitors and quantifying recreation use are central to
USDA FS planning activities (Dana, 1957; Propst, 1985; Alig and Voss, 1995).
Characterizing recreation visitors in regard to their consumption patterns and preferences
assists in identifying the types of recreation opportunities that may best meet demand,
determining what recreation facilities to develop and where, and selecting specific “on
the ground” management actions. Reliable estimates of visitation are useful for forest
Plan revision, for completing economic impact analysis, in developing estimates of social

benefits, and for completing benefit-cost analyses. Visitor characterization and estimation



of recreation use are often completed concurrently and can be achieved via three
approaches: conducting a complete census of visitors, implementing a visitor sampling

program, or developing and applying recreation demand models.

A census of all visitors to USDA FS lands is generally accepted as impractical
and unnecessary. Attempts to determine recreation use via a census in the fledgling years
of the USDA FS proved mostly futile (Waugh, 1918). The dispersed nature of recreation
and the expansive land area, accessible at a multitude of points, precludes the counting of
every USDA FS recreation visitor. Furthermore, the reliability of visitor sampling

approaches and recreation modeling makes a census unnecessary.

The USDA FS has implemented a number of projects aimed at estimating
recreation use and visitors characteristics via visitor sampling. Recent projects of note
include PARVS, CUSTOMER, and National Visitor Use Monitoring (NVUM). PARVS
and CUSTOMER were initiated in the latter half of the 1980’s while NVUM began in the
year 2000 and continues today. While PARVS and CUSTOMER surveys provided useful
information, the sample sizes were small, implementation was not standardized, and the
visitor samples were not representative of all USDA FS visitors (Alward et al., 1998). In
response to these problems, USDA FS scientists and analysts developed a national-level,
standardized method for quantifying recreation use and visitor characteristics called
National Visitor Use Monitoring (English et al., 2002). Through NVUM the USDA FS

develops national, regional, and forest-level estimates of visitor use and characteristics.



Models of recreation use can be used to characterize and quantify recreation use
under both current as well as alternative conditions and can provide analysts with a
greater understanding of the processes behind recreation use patterns and behavior.
Grant and others (1997) identified five general applications of scientific models:

1) providing a sound conceptual framework for future research,

2) evaluating alternative hypotheses about system structure or function,

3) describing system behavior under normal conditions,

4) predicting system response to specific management schemes or environmental

situations, and

5) heuristically exploring the dynamics of a system of interest.
A limited number of recreation models have been completed specifically for resources
managed by the USDA FS (e.g. English and Bowker, 1996; English and Home, 1996;
Alig and Voss, 1997; Loomis et al., 2001; Betz et al., 2003). Of these, only models
developed by English and Home (1996) were used to estimate recreation use for multiple
national forests. The remaining models were aimed at quantifying recreation use for

individual sites or for specific activities occurring on individual national forests.

For the purpose of planning and management, USDA FS recreation use has
typically been characterized (or segmented) and quantified based upon the primary
activities of recreation visitors (USDA FS recreation is also commonly characterized and
quantified by Recreation Opportunity Spectrum, ROS, class). This primary activity
approach was used in the first census of visitors in 1916 as well as the PARVS surveys of

the 1980’s (Waugh, 1918; Alward et al., 1998). While this approach quantifies the types



of activities users are engaged in it may not provide particularly informative or reliable
information concerning behavior and/or patterns of recreation use. Specifically, the
behavior and use patterns of visitors within activity segments may be just as variable as

those of the visitor population at large.

An alternative approach to segmenting recreation visitors is one based upon the
interceding distance between visitor residence and the forest resource. Specifically, does
the visitor live very close to the forest (a local visitor), within a moderate drive from the
forest (a mid-distance visitor), or several hundred miles or more from the forest (a long-
distance visitor)? A limited number of recreation studies have shown that the intervening
distance from the visitor’s residence to the recreation destination may influence
recreation visitor consumption pattern, activity participation, recreation behavior, and trip

motivation.

Strauss and others (1993) found the proximity of hunters to the hunting
destination influenced their pattern of recreation consumption. Hunters at the Delaware
Water Gap who lived outside the local area were found to hunt almost exclusively on
Saturdays, while those from the local area hunted on days throughout the week. Though
such a pattern is intuitive, the consumption patterns of hunters are frequently
characterized without regard to hunter residence. Recreation participation by certain
demographic groups may be more likely given their proximity to the resource. Faunce
and others (1979), in their study of Maine hunters, found that participation of women

hunters was more common among resident Maine hunters than among non-resident



Maine hunters. This difference likely relates to differences in hunter motivation between

those living in the State and those living out-of-state.

In regards to recreation behavior, Stynes and White (2003) have shown that the
expenditures of USDA FS recreation visitors who live in the local forest area are almost
always less than that of non-local users within trip-type segments, regardless of
recreation activity. Finally, Etzel and Woodside (1983) found that visitors who recreated
near home were motivated more by opportunity for relaxation and recuperation while
visitors recreating farther from home expected more stimulation and entertainment in
their recreation experience. Additionally, Faunce and others (1979) found that non-
resident Maine hunters were more frequently motivated by the social interaction

component of hunting than resident hunters.

Segmenting recreation users based upon the distance from their home to the
recreation resource may provide for a greater understanding of consumption patterns,
activity participation, and recreation behavior of USDA FS visitors. This may lead to
more informed decisions by resource managers regarding the provision and management
of recreation opportunities. Assuming that visitors within distinct distance segments have
unique recreation behaviors, activity participation, and consumption patterns, quantifying
forest-level recreation use of the segments would allow individual forests to identify their

“recreation markets”.



Recreation models can be used to determine the expected forest-level recreation
use of the distance-based segments under current and alternate conditions. In addition to
predicting use, recreation models developed for individual distance segments can provide
insight into the underlying mechanisms influencing recreation use of visitors within those
distance segments. An understanding of the mechanisms influencing recreation use of
distance segment visitors can aid resource planners and managers in identifying factors

that influence the level of recreation use at an individual national forest.

The USDA FS has traditionally taken a regional approach to planning for and
managing actual recreation use (e.g. 1990 RPA assessment regional recreation use
values). The assumption of regional recreation differences may result, in part, from the
perception that regional variation in the types of natural features managed yields
differences in recreation behavior and participation. Given this, testing for regional
differences in consumption patterns, activity participation, and recreation behavior of
distance segmented recreation visitors between distinct USDA FS regions is one
component of this study. USDA FS regions 2 and 9 are particularly appropriate for
comparative analysis (Figure 1). National forests within these regions are spatially

disjoint from one another and the natural features managed are, in general, quite different.



|USDA Region 2|

[ National Forests
Figure 1. USDA FS Regions 2 and [ Regional Boundaries

Research Objectives

Given the above, the general objective of this study is to identify the
characteristics and model the forest-level recreation use of distance-segmented USDA FS
recreation visitors. The four specific objectives of the study are to:

1) identify the recreation behavior, activity participation, and consumption

patterns of Local, Mid-distance, and Long-distance USDA FS visitors in
USDA FS Regions 2 and 9,

2) statistically compare the recreation behavior, activity participation, and

consumption patterns of visitors to USDA FS Regions 2 and 9 within the

distance-based segments,



3) statistically compare the recreation behavior, activity participation, and
consumption patterns of Local, Mid-distance, and Long-distance visitors
within USDA FS Regions 2 and 9, and

4) model forest-level recreation use of Local and Mid-distance recreation visitors

for national forests located in USDA FS Regions 2 and 9.

Organization of the Dissertation

Chapter 2, Literature Review, is an examination of 1) demand and use estimation
in forest recreation planning, 2) broad approaches employed to estimate recreation
demand and use 3) use of structural recreation demand and use models and 4) the role of
recreation segmentation in recreation planning. Also included are discussions of the
theoretical basis and evolution of travel cost modeling, descriptions of contemporary
applications of recreation modeling utilizing spatial analytical techniques, and

identification of commonly employed recreation segmentation approaches.

Chapter 3, Methods, provides a discussion of the data and analytical techniques
used in achieving the research objectives identified above. The chapter begins with a
conceptual discussion of the distance-based segments and the relationship of the
segmentation to the recreation literature. A short description of the NVUM project,
survey data and recreation use estimates follows. Further detail on the NVUM sampling
scheme and the NVUM procedures for estimating recreation use can be found in

Appendix A. The remainder of Chapter 3 is devoted to describing the specific procedures

10



used in analyses. This section begins with delineation of the boundaries separating the
distance segments from one another. The approaches to characterizing visitors within the
distance segments and the statistical tests employed to identify differences between the
study regions and between the distance segments are then identified. The final portion of
the Chapter relates to the development and evaluation of the Local and Mid-distance

recreation use models.

Chapter 4, Results and Discussion, is divided into two halves; the first relates to
objectives 1 — 3 while the second relates to Objective 4. The first half of the Chapter
identifies the characteristics of the distance-based visitor segments as well as results of
statistical comparisons both between study regions and between distance segments. In the
second half of the Chapter, the constructed recreation use models are presented, and the
parameters and coefficients are discussed. The predictive ability of the recreation use

models is evaluated against NVUM recreation use estimates.

In Chapter 5, Summary, Conclusion, and Policy Recommendations, a summary of
the research undertaken is presented, and conclusions related to the research objectives
are identified. Policy implications, in regard to forest planning activities, are presented

and discussed. The limitations of the research and future research needs are outlined.
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CHAPTER 2

LITERATURE REVIEW

The impetué for this research is the need to quantify the types and numbers of
national forest recreation users for forest-level planning. The role of recreation use
estimation in recreation planning activities is identified in the first section of this chapter.
The second section includes discussion of how recreation demand is incorporated in the
planning process and the approaches to developing recreation use estimates. The use of
recreation models, particularly the travel cost model, is described in greater detail. The
third section contains a description of traditional USDA FS approaches to segmenting
recreation visitors as well as some alternative approaches to visitor segmentation. The

chapter closes with a summary of how the literature relates to this study.

An influential report that deserves a special introductory note is “Assessing
Demand for Outdoor Recreation” published in 1975 by the National Academy of
Sciences. This report was written by the Committee on Assessment of Demand for
Outdoor Recreation Resources established by the now dissolved Bureau of Outdoor
Recreation. The committee was tasked with investigating four specific components of
recreation demand analysis: identifying the objectives of demand analysis, reviewing
systematic models of demand estimation, specifying the parameters of a recommended
demand estimation approach, and identifying the steps of to effectively estimate demand.
Two appendices were also included in that report. The first (written by Bev Driver and

Perry Brown) examined recreation demand from a social-psychological perspective while
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the second (written by V. Kerry Smith) provided a comprehensive analysis of recreation
demand models. The report (with its appendices) is a preeminent piece of recreation

demand literature and is cited frequently within this chapter.

Demand and Use Estimation in Recreation Planning

Public recreation resources are limited. Like all scarce resources, public resources
must be allocated between competing demands. Whereas allocation of traded resources
can be determined by markets, public recreation resources generally provide non-market
public goods and services and, as such, their allocation is not as easily determined. In the
course of natural resource planning, the “demand” for recreation resources or activities as
well as the benefits or values that those resource or activities provide are frequently
quantified. The Renewable Resource Planning Act of 1974 and the National Forest
Management Act of 1976 require the USDA FS to complete national-level natural
resource assessments every 10 years and to develop individual forest-level plans every 10
to 15 years. Both the national assessment and individual forest plans must incorporate
multiple uses (including recreation) of natural resources as mandated by the Multiple Use
Sustained Yield Act of 1960. At the state-level, efforts to quantify recreation demand
increased dramatically in response to the 1962 report of the Outdoor Recreation
Resources Review Commission (ORRRC) and the associated enactment of the Land and

Water Conservation Fund.
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The specific role of quantifying recreation demand for the purpose of planning is
in “illuminating and ... measuring the implications of alternative planning, provision, and
management decisions” (NAS, 1975). In particular, quantifying recreation demand
provides information for three kinds of planning decisions: policy decisions, allocation
decisions, and site-specific resource provision and management. These kinds of planning
decisions correspond to three aspects of recreation demand: demand for recreation in the
context of broad social and economic policy, demand for alternative types of recreation,

and the demand for site-specific recreation resources (NAS, 1975).

The first aspect of recreation demand focuses on the importance of outdoor
recreation opportunities as a component of overall social structure. Decisions that affect
recreation opportunities have an impact on “...a range of diverse elements, including
economic, industrial, and population growth....” (NAS, 1975). The second aspect of
demand encompasses those decisions relating to determining the type, quantity, and
location of recreation opportunities, and well as the strategy and timing for their
implementation (NAS, 1975). Assessment of this aspect of demand requires that the
planning agency recognizes what recreation opportunities are desired by users and what

management actions are needed to fulfill those desires.

The third aspect of demand focuses on choosing the site and selecting the kind
and quantity of recreation resources, facilities, and programs provided (NAS, 1975). This
can be achieved by identifying potential users, recognizing the alternative sites available

to them, and determining the relationship between site characteristics and the user group
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(NAS, 1975). In all cases, recreation decisions are facilitated by quantifying the expected
mix of user segments and the activities and site characteristics that these segments desire

(Hendee, 1967; NAS, 1975; Dwyer et al., 1977; Bojanic and Warnick, 1994).

While it is mandated that recreation demand be incorporated in planning
activities, doing so is made difficult, in part, by disparities in identifying what “recreation
demand” represents. In the Preface of the 1975 report of The Committee on Assessment
of Demand for Outdoor Recreation Resources (The Committee), the Associate Director
of the Bureau of Recreation described the concept of demand as “[o]ne of the most often
used, least understood, and most significant concepts in outdoor recreation planning”
(NAS, 1975). In the vernacular sense, recreation demand may be conceptualized as the
total number of visits to a recreation resource or the expected participation in a recreation
activity during a given period. Economists, however, view recreation demand not as one
point of consumption but rather as a schedule of expected recreation use given a range of
prices or costs (Clawson and Knetsch, 1967). From the perspective of social-
psychologists, recreation demand represents the preferences or desires of individuals
regardless of whether or not those desires and preferences result in recreation

participation (Driver and Brown, 1975).

Methods to Estimate Recreation Demand and Use

The Committee, adopting a broad definition of demand, outlined four approaches

to estimating demand for outdoor recreation: application of standards, projections of use,
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structural models, and expression of perceived wants (NAS, 1975). Standards, used to
determine the “desired” number of recreation opportunities for a given population size or
area, have been identified primarily for urban settings. The Committee suggested
standards are not particularly effective at indicating recreation demand. In part this is due
to the assumptions of applying this technique, namely that social recreation desires, the
quality and attributes of recreation sites, and population characteristics are homogenous
across areas (NAS, 1975). The second approach, projecting demand, is achieved,
generally, by extrapolating historic visitation patterns to some point in the future. This
technique internalizes the relationship between visit volume and price for every point in
time. As such, the use of projections “...ignores the interaction of social and economic
conditions with recreation and the changing determinants of individual recreation
decisions, which may, in fact, cause people to behave differently in the future” (NAS,

1975).

Structural models (the third approach) estimate demand by parameterization of
the relationships between demand/supply of recreation opportunities and the factors that
influence demand. This allows the user to explicitly identify the relationships between
demand and the factors influencing recreation consumption (NAS, 1975). Structural
models allow for demand to be quantified for proposed and existing sites as well as
developing demand estimates after proposed quality improvements or degradation at
existing sites (NAS, 1975). One of the drawbacks to this method is that while
relationships are assumed to be causal they may in fact be spurious. Other limitations to

this approach include some difficultly in capturing the motivation of individual
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recreationists via independent variables and the lack of variation in independent
variables—which may lead to poor prediction (NAS, 1975). The final method of
estimating demand is accomplished via public input on the number and types of
recreation opportunities desired. This can be accomplished through surveys, analysis of
public participation in the planning process, and/or examination of operation budgets

(NAS, 1975).

Structural Models of Recreation Demand and Use

Models of recreation demand and use can be developed along a continuum from
those that are exceedingly simplistic to those that are very complex. Moeller and
Echelberger (1974) stated the selected model “should be dynamic so that changes in
management policy, recreation supply, price, etc. can be incorporated into the model to
determine their potential impact...”. Structural models of recreation may be used to
estimate recreation use given supply and demand factors (e.g. Walsh et al., 1992; Hanink
and Stutts, 2002), to identify the use value of recreation resources (e.g. Bowker et al.,
1996; Fix and Loomis, 1997), or to accomplish both (Boxall et al., 1996; Loomis, 2002).
Smith (1975) identified three broad classes of models of recreation demand and use: site-

specific user models, population-specific models, and site-specific area models.

Site-specific user models depend upon data collected from individual site users.

This data may include their motivations, attitudes, or satisfaction levels (Smith, 1975).

Models of this type do not assume homogeneity in services consumed from the site to

17



recreation users. On the contrary, “(these) studies attempt to determine what individuals
reactions to heterogeneous services will be” (Smith, 1975). Fix and Loomis (1997),
Provencher and Bishop, (1997), and Loomis and others (2001) adopted the site-specific

user approach to modeling recreation behavior.

Population-specific models differ from the other two model typeé in that
information is collected from both participants and non-participants (Smith, 1975). These
types of models generally collect information on demand for particular services or
activities (Smith, 1975). From the information collecte&, participation (or participation
rate) for specific activities (or in some cases sites) can be determined for groups of users
(Smith, 1975). Smith suggests that two problems exist with this approach. First, the
observations (survey responses) are “...the result of the individual’s own demand and
effective supply”. The implication being that the model output incorporates many
different individual demand and supply conditions to estimate a single demand
relationship. Second, for the purpose of benefit estimation, this procedure may determine
average expenditure per day while the demand curve operates on the basis of marginal
costs of production. Using this approach results in inappropriate calculations of benefit
(Smith, 1975). Population-specific models include those of Cicchetti (1973), Walsh and

others (1988), Bowker and others (1999), and Romano and others (2000).

Site-specific area models are also developed from information gathered from site
users (Smith, 1975). Most important to the use of this approach is identification of the

origin of the visitor. Travel cost models, as described in Clawson and Knetsch (1967),
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fall into this class of demand models. In general, these models relate the number of
recreation visits over a range of distances that recreationists travel (representative of cost
from an economic standpoint) to develop the recreation demand curve and expected use
for the site. Since the data collected in this method is aggregate in nature, the
characteristics of individual users are not identified; rather they are assumed to be
homogenous within zones. Models by Hellerstein (1991), Loomis and others (1995), and

Cho and others (2001) are contemporary examples of this approach.

Population-Specific Models

Cicchetti (1973) introduced a two-step population-specific model to forecast
recreation use for specific recreation activities. Estimation of the model required survey
data collected from both participants and non-participants. The first stage of the model
predicted the probability that an individual (or individuals) would participate in a given
recreation activity while the second stage of the model predicted the expected number
recreation occurrences for a participating individual in a given year. The total recreation
use in any one activity is obtained by combining the number of participants with the
expected number of recreation occurrences per participant. Socio-economic,
demographic, and recreation supply variables were included as independent variables in
both model stages. Using estimates of future population counts and demographic and
socio-economic conditions, Cicchettii (1973) completed several example applications to
forecast future recreation use for a variety of water-based and land-based recreation

activities.
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Travel Cost Models

In their seminal text Clawson and Knetsch (1967) discussed at length the concept
of estimating recreation demand curves, recreation use, and recreation benefit, through
the use of travel cost models. Despite the prominence of the text, the authors deferred to
Hotelling (1949) and Van Doren (1960) as providing the initial impetus to using travel
cost to estimate recreation demand curves. Using distance traveled as a proxy for cost,
Clawson and Knetsch (1967) constructed recreation site demand schedules for a variety
of recreation areas. In general, origins in close proximity to the recreation site (with
associated low travel cost) contribute a greater number of visits to the sites (per capita)
than origins at a greater distance from the recreation site (higher travel cost). Total
economic benefit to society is calculated as the area under the second stage demand curve
(Clawson and Knetsch, 1967). The second stage curve represents what the demand
schedule would be under increasing price. Given this, total consumer surplus can be

calculated as the entire area under the demand curve.

The travel cost approach to demand and benefit estimation, as outlined by
Clawson and Knetsch (1967) and further developed by Cicchetti and others (1976) and
Cesario and Knetsch (1976), is best applied under the following conditions: 1) travel
Costs are variable among users, 2) proposed changes are large enough to alter travel costs
to users, and 3) travel costs are primarily associated with the recreation site under study
(Dwyer et al., 1977). Travel cost modeling is not particularly suited for sites that attract

users primarily from areas in close proximity to the site, for sites that attract many pass-
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thru or non-primary users, or for sites that are exceptionally large in size with multiple
entrances (Dwyer et al., 1977). Several assumptions are required when estimating
demand and benefits. Specifically, recreation visits do not include trips to other recreation
destinations, the travel portion of the trip does not provide any benefit to the visitor, trips
are of uniform duration, and individuals have similar travel patterns and travel means
(Loomis and Walsh, 1997). Given the conditions and assumptions, travel cost models are
better suited to modeling the recreation use of visitors who visit one recreation resource
and who travel a moderate distance to do so. The recreation use of those visitors who live
in close proximity to the recreation resource or those who visit the resource as part of a

multi-purpose trip is better modeled using a different approach.

Travel cost models can be constructed for single sites (simple travel cost models)
or for multiple sites within a region (regional multi-site travel cost models) (Dwyer et al.,
1977; Loomis and Walsh, 1997). The regional travel cost model includes multiple
recreation sites (frequently) of varying quality so the impacts of potential recreation
quality changes on an individual site can be identified. Dwyer and others (1977) stated
that regional travel cost models can be of two primary forms; specifically, a system of
linear demand equations or a single demand equation incorporating a gravity model.
Regardless of form the general procedure to construct a travel cost model is as follows
(Dwyer et al., 1977):

1) Complete a survey of visitors or households to collect visit, trip, and

demographic information,
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2) Classify sites based upon their amenities and the recreation opportunities
provided,

3) Define the origin unit of analysis,

4) Estimate travel cost on a round trip basis,

5) Determine round-trip travel time,

6) Identify substitute recreation destinations,

7) Derive socio-economic variables of interest from necessary data, and

8) Estimate the demand model using the appropriate functional form.

Early Travel Cost Applications

The initial applications of the method outlined by Clawson and Knetsch (1967)
laid the groundwork for the development of the zonal travel cost model that we know
today. Three examples of these early applications are Burt and Brewer (1971), Cesario

and Knetsch (1976), and Cicchetti and others (1976).

Burt and Brewer (1971) presented a conceptual model for deriving the social
benefit of additions to an existing set of outdoor recreation sites. This is an extension
(though the estimation of benefit is approached from a somewhat different perspective) of
Clawson and Knetsch’s (1967) model of a single recreation site. The authors
subsequently applied their model to estimate the demand and benefit of proposed ACOE
reservoirs in Missouri using a household survey and a system of demand equations where

the explanatory variables are travel price from visitor origins to water-resource
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destinations and income. For the three proposed reservoirs the authors estimated an
annual visitation of 1.1 million household visit days with an associated annual benefit of

$8.5 million dollars.

Cicchetti and others (1976) extended the work of Clawson and Knetsch (1967) to
explicitly incorporate the availability of substitute recreation destinations in the
calculation of social benefit. The authors applied their model to a set of ski areas in
southern California to determine the net social benefit associated with development of a
proposed ski area. The authors used a system of demand equations incorporating travel
cost to develop an estimate of the social benefit of the proposed area. Comparing the total
social benefit of the development with the costs (and using appropriate discounting), the

authors suggested the proposed development had a negative net social benefit.

In contrast to the previous example Cesario and Knetsch (1976) used a single
demand equation to estimate their travel cost model. The traditional travel cost model
proposed in Clawson and Knetsch (1967) did not include the use of a travel time variable
in predicting demand. This was due in part to the multicollinearity of travel cost and
travel time. Cesario and Knetsch (1976) suggested failing to incorporate travel time
would lead to overestimation of consumption from users at distant origins. The use of
these long-distance visitors would be overestimated as a result of failing to account for
the greater cost (value) of the increased time required to reach the recreation site. To

correct this overestimation, the authors constructed a composite variable representing
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both travel costs and time which was then included in the model of demand. The model

was found to perform well when applied to a set of Pennsylvania State Parks.

Contemporary Zonal Travel Cost Models

In their 1986 article Ward and Loomis completed a comprehensive overview of
the evolution of travel cost modeling from the late 1970’s to the late 1980’s. The authors
described three empirical forms of travel cost modeling that continued to evolve during
the period: zonal, individual, and hybrid. The zonal approach to travel cost modeling is
described above. To overcome some of the limitations of the zonal technique the
individual travel cost model was developed. In this formulation of the travel cost model,
individual specific travel times, travel costs, and socioeconomic characteristics are
identified. Travel cost models are developed from this information for individuals (rather
than zones) where the dependent variable is the individual’s trips (rather than zonal per
capita trips). The hybrid travel cost model incorporates portions of both the individual
and zonal travel cost models. Hybrid models employ nested decision trees to estimate
individual demand models (Ward and Loomis, 1986). These models frequently take the

form of multi-nomial logit models (e.g. Provencher and Bishop, 1997).

Contemporary examples of zonal travel cost models include Hellerstein (1991),
Loomis and others (1995), and Bowker and English (1996). Hellerstein (1991) used
permit count data to construct a model of demand for the Boundary Waters Canoe Area

(BWCA). The model predicted the per capita visitation from counties surrounding
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BWCA. To control for the constrained nature of the dependent variable (i.e. visitation to
BWCA from county;) both Poisson and Negative Binomial models were used. For
comparison, a semi-log model was specified and fitted using ordinary least squares and a
bias correction recommended by Stynes and others (1986). The author found the Poisson
model estimated via pseudo-maximum likelihood performed best. Model selection had
little influence on the coefficient estimates but had significant influence on the coefficient

standard errors.

Loomis and others (1995) developed and tested the transferability of demand
models between ACOE districts. The authors constructed demand models for day users
and campers for three ACOE districts. The transferability of these models between
ACOE districts was subsequently tested. Explanatory variables included visitor
demographics (aggregated at the county level), the reservoir characteristics of the site(s)
of interest, available substitutes, and characteristics of the facilities available at the
site(s). The models were fitted using a non-linear least squares model and the Heckman
two-stage model (Heckman, 1979). The authors stated that the Heckman model was
particularly suited to data with a large number of zeros in the dependent variable. While
both models performed well, the Heckman model had all the expected coefficient signs.
Using the Chow test the authors found that coefficient estimates were statistically
different between all models and could not be transferred across regions. Despite this, the
authors state that the models of ACOE districts in the mid-south (two of the considered
districts) were very similar to one another and suggested that geography and similarity of

demographics may greatly influence the transferability of demand models.
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English and Bowker (1996) developed zonal travel cost models for day trip
visitors to the Chatooga River along the border of Georgia and North Carolina. While the
primary research objective was to determine the impact of alternate cost specifications on
consumer surplus estimates, their paper also serves as a good example of a contemporary
approach to model specification when estimating zonal travel cost models. Models were
estimated using both single log ordinary least squares regression and Tobit models
estimated via maximum likelihood estimation. The OLS model was estimated with the
dependent variable number of trips +1, while the Tobit model was fit with the dependent
variables number of trips and trips/capita. A value of 1 was added to the OLS formulation
to insure that zones with zero trips were included in the model. Without the adjustment

these zones would fall out of the model since the natural log of zero is undefined.

Contemporary Recreation Models Incorporating GIS

The advent of Geographic Information Systems (GIS) has greatly improved the
ability of researchers to analyze recreation data in a spatial context. Several recent
recreation demand studies have explicitly incorporated the use of a GIS in the modeling
process (Alig and Voss, 1995; Lovett et al., 1997; Brainard et al., 2001; Hanink and

Stutts, 2002).

Alig and Voss (1995) attempted to model current camper use, and to predict

future camper use for the Chequamegon and Nicolet national forests in Wisconsin using
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age-specific participation rates and demographic data. Counties were the unit of analysis
for visitor origins. The proximity and demographics of populations living around the
national forests were determined via a GIS incorporating spatial databases of county
boundaries, national forest boundaries, and U.S. census bureau data. Camper recreation
use was modeled as a function of the population and participation rates of those living
within 125 miles (the estimated maximum travel distance of campers) of the national
forests. The model predictions of recreation use were significantly greater than the
observed campground visitation. The authors cited several reasons for failing to validate
the model, including the failure to incorporate substitute recreation sites and a non-
uniform pattern of population distribution. Furthermore, the authors stated that the
estimates of visitation were highly dependent upon the determination of the market area,

for which no reliable data existed.

Lovett and others (1997) were more successful in developing a recreation demand
model for woodlands in England. First, using a geographic information system (GIS) the
authors determined network distance and travel time for origin-destination pairs
identified from a sample of woodland visitors. Second, the authors developed a substitute
grid surface from a land use classification system to determine a substitute index for each
origin, explicitly capturing the availability of substitute sites. Finally, socioeconomic and
demographic variables were associated with each origin in the study. Incorporating
population, travel time, the interaction between travel time and population, and
unemployment rate, the authors used Poisson regression techniques to specify the

recreation use model. The model successfully predicted total site visitation but performed
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poorly at estimating visitation by origin. The authors suggested that identifying different
sub-groups within the population and specifying multiple demand functions to represent

these groups might improve model performance.

Brainard and others (2001) improved the model constructed by Lovett and others
(1997). The primary improvements to the model were the calculation of a market access
variable and the inclusion of site amenity data. Market access for each site in the study
was quantified by using a distance decay function developed from visitation count data
and an interpolated population surface estimated from the U.S. Census. The use of a
market access variable greatly improved the performance of the model. The authors
suggested using larger sample sizes and developing a set of user-specific models would

increase the transferability of the model.

Most recently, Hanink and Stutts (2002) developed demand models for National
Battlefield Parks. The model estimated expected visitation based upon market access, the
distance to substitute battlefields, and battlefield amenities. Market access in this case
was determined based upon distance to metropolitan statistical areas rather than the
population of distributed areas. The specified models performed very well at predicting
total battlefield visitation. Independent variables explaining a large proportion of
variation in visitation were “market potential” and “number of historic battlefield

casualties™.
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Recreation Segmentation

To allocate recreation resources between competing recreation uses, planners
must identify the types, quantities, and locations of the recreation opportunities
demanded. In turn, decisions related to site-specific management require an
understanding of the kind and quality of recreation resources, programs, and facilities
demanded by users (NAS, 1975). Models estimating total use or demand in aggregate
provide little information in the context of these decisions. To provide more information,
expected use levels or demand is frequently estimated within user groups (user
segments). These user segments should be meaningful in that they are applicable to
planning and management decisions while at the same time explaining recreation

behavior within groups.

Segmentation is defined as the “process of dividing a large heterogeneous
population into smaller homogenous subsets” (Bojanic and Warnick, 1994). Reid (1989),
as cited in Bojanic and Warnick (1994), identified five broad approaches to
segmentation: geographic, demographic, psychographic, behavioral, and benefit.
Geographic segmentation classifies visitors based upon the location of their residence.
The demographic approach classifies visitors based upon demographic and
socioeconomic variables such as age, gender, income, race, family status, etc.
Psychographic segmentation classifies users based upon the motivations of the user while

behavioral segmentation segments visitors based upon their actions or activities. A
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benefits-based segmentation classifies visitors based upon the personal benefits or utility

received from recreating.

The USDA FS has a lengthy history of classifying users based upon their primary
recreation activity (one aspect of visitor recreation behavior). The first attempt to census
visitors to USDA FS lands was mandated to be made within specific recreation activities
(Waugh, 1918). More recent survey efforts, such as the CUSTOMER survey in the
1980’s, have also attempted to estimate visitor use within specific activity groups of
interest (Alward et al., 1998). The USDA FS also uses a benefits-based segmentation
approach when classifying recreation use by Recreation Opportunity Spectrum (ROS)
classes. One assumption of the ROS approach is that users of the different ROS class
areas have differing expectations and receive differing benefits; that is, visitors who
recreate in primitive non-motorized areas likely receive different benefits than visitors
recreating in rural areas. This approach to segmentation is complicated by visitors who
recreate within multiple ROS classes and uncertainty as to whether many visitors can

readily identify and make recreation decisions incorporating the ROS classification.

Activity segmentation is attractive in that the relationships between activities and
management actions appear straightforward. However, users within activity groups can
still remain very heterogeneous in their recreation characteristics and behavior. Average
trip spending for USDA FS fishing parties can vary from $46 to $222 depending upon
Whether the party is on a day trip from the local area or whether they live outside the

local area and are spending the night on the forest (Stynes et al., 2003). Similarly, non-
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local snowmobile parties spend nearly 50% more in total than local parties; spending $20

more in restaurants and $15 more on gas and oil.

Faunce and others (1979) have found differences in spending, motivation, and
participation when comparing resident and non-resident Maine hunters. Non-resident
hunters spent nearly twice their resident counterparts and were more frequently motivated
by the social interaction aspect of hunting while resident hunters were more motivated by
sustenance. The participation rate of women among resident hunters was much greater
than non-resident hunters. Etzel and Woodside (1982) found differences in expenditures,
frequency of participation, family status, and expectations when comparing “near home”
and “distant” general vacation travelers. Travelers staying near home spent less on their
trip, had previously visited the area more times, had larger travel groups, and expected
rest and relaxation rather than excitement, personal growth, or intellectual stimulation

compared to distant travelers.

Some researchers have employed recreation segmentation approaches based on
factors other than primary activity. In his dissertation aimed at profiling recreation users,
Hendee (1967) segmented visitors into five recreation groups based upon the
recreationists’ stated recreation resource preference: national forest wilderness users
(dispersed areas), national park wilderness users (dispersed areas), national forest car
campground users, national park car campground users, and state park users. User groups
differed along socioeconomic variables including age, income, family status, and in their

attitudes toward management activities and use of natural resources.
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Cordell (2003) has segmented the U.S. population based upon recreation behavior
and participation patterns using data from the National Survey on Recreation and the
Environment. Eight recreationist segments are identified: inactives, passives, nature
loving drivers, nature and family, activity samplers, motor consumptives, skiers, and
enthusiasts. Inactives represent the largest segment and are least likely to participate in
outdoor recreation while enthusiasts represent the second smallest segment but have the
highest rates of outdoor recreation participation. Demographic and socioeconomic
patterns differ between groups as do attitudes toward natural resource use and
management. Identifying meaningful differences in terms of demographic characteristics

and attitudes can assist natural resource managers and policy makers in decision-making.

Stynes (1999), Stynes and others (2003), and Stynes and White (2003), for the
purpose of explaining spending, have adopted a user segmentation approach based upon
the type of trip completed and whether the visitor lives in proximity to the recreation
resource. The trip type includes day trips and overnight trips with overnight trips further
differentiated by the type of lodging used. Trip type segmentation performs better at
explaining individual spending than activity segmentation—the former explaining 18%
of variation while the latter explains only 2% (Stynes and White, 2003). In addition, party
characteristics, such as trip length, number of people, and number of children, were also

found to differ by trip type segment (Stynes and White, 2003; Stynes et al., 2003).
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Relationship to the Current Study

Assuming there are differences between distance segments in terms of recreation
behavior, activity preference, and participation, models estimating recreation use within
segments will assist in long-term, forest-level allocation, and site-specific recreation
planning. To be most useful, the model output should produce information that can be
used to identify the level of participation in different types of activities, the types of
recreation trips undertaken, the characteristics of visitors and visitor parties, and temporal
patterns in recreation use. If possible, it would also be useful to identify what spatial
patterns of recreation use are expected. The expected recreation use of distance segments
accompanied with a characterization of the distance segments is expected to provide such

information.

Frequently, recreation use models have estimated the recreation consumption (or
demand) for a specific recreation resource conjointly for all potential recreation visitors
(or for all visitors participating in an activity of interest). However, it seems logical that
visitors located at a range of distances from the resource respond differently to the factors
that influence recreation behavior. For example, visitors in close proximity to resources
may incorporate travel cost into their recreation behavior differently than those located
farther away. In this cése, using a single model relating travel cost to recreation use for all
visitors does not appear to be appropriate. Inability to replicate visitation by origin while
correctly predicting total visitation (e.g. in Lovett et al., 1997) may be a manifestation of

this functional change in relationship between travel distance and visitation.
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The failure to incorporate substitute recreation sites in the study conducted by
Alig and Voss (1995) resulted in poor model performance, specifically overestimation of
recreation use. Selecting an approach to quantifying the availability of substitute
recreation sites for recreation use models is challenging. In part, this is due to the lack of
a clear theoretical basis for identifying substitutes and the small number of studies
investigating how recreationists view substitutes and how they decide between alternate
recreation areas. Three frequently adopted approaches to quantifying substitute
availability include 1) distance (or travel cost) to a single (or a limited number of)
alternative recreation site(s), 2) development of a substitute index incorporating distances
to multiple sites and the quality (or attractiveness) of those sites, or 3) creation of a

spatial substitute layer using a GIS.

Hellerstein (1991) and Boxall and others (1996) adopted the first approach in their
travel cost studies of the Boundary Waters Canoe Area in Minnesota and Rocky-
Clearwater forest in Alberta, respectively. This approach to quantifying substitutes seems
to be more frequently adopted when there is only one recreation resource of interest and a
nearby recreation area is clearly identifiable as a substitute. In the former, the substitute
site was Algonquin Provincial Park in Ontario (offering similar canoeing and
backcountry experiences) while in the latter study the substitute was Bow-Crow Forest (a
nearby Alberta Forest Service public land area). In both studies the coefficient on the
substitute variable was statistically significant and had the expected positive sign. In a

variation of this approach some researchers have identified a number of potential
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substitute sites (e.g. all state parks) and identified the minimum distance (or travel cost)

to the single nearest substitute site for each visitor origin (e.g. Fix and Loomis, 1997).

Substitute indexes were adopted in Loomis and others (1995) and Hanink and
Stutts (2002). In the former, the substitute index calculated for each visitor origin was the
ratio of lake acres (the selected measure of recreation site quality) to travel distance
summed across all identified substitute sites. In the latter, the authors used two substitute
indices, one incorporating competing site quality (the number of historic battlefield
casualties) and one not incorporating competing site quality. In both of these studies,
recreation use models were estimated for multiple recreation areas and there was no
clearly identifiable single recreation site that could serve as a substitute. In both studies
the statistical significance of substitute index variables were mixed depending upon the

chosen functional form of the model.

Brainard and others (2001) opted to develop a “recreation potential surface” for
use as a substitute variable in their model of demand for recreation at forestry
commission recreation sites in England. The authors first placed a grid of sample points
at Skm spacing throughout the study area. A measure of access to publicly-accessible
forestland was then computed for each sample point. Interpolation was then used to
develop values in the intervening distance between samples, yielding a continuous
surface throughout the study area. One problem in the adopted approach is that the
modeled recreation sites are included in the calculation of the recreation potential

surface—so it is not a strict substitute surface. When incorporated in the models of
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recreation use the recreation potential variables were statistically significant, though the

direction of the relationship was inconsistent.
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