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EXECUTIVE SUMMARY

This study examines the determinants of recreation
participation, intensity, and venue choice in Virginia
with the goal of informing current Virginia Depart-
ment of Conservation and Recreation (DCR) prac-
tice for projecting state and local recreational needs
and computing recreational inventory gaps. The
study was conducted during the winter of 2011/2012
and relies heavily on on data made recently avail-
able from the 2011 Virginia Outdoors Survey. This
survey was conducted as part of an update of the
2013 Virginia Outdoors Plan.

The study has several components. It reviews lit-
erature in economics and leisure science on recre-
ation demand and recreation participation choices.
It assesses different categories of population-based
methods to project outdoor recreation needs. It pro-
vides an alternative way for DCR to compute local
and regional needs based on the idea of catchment
areas for different recreational activities. It pres-
ents exploratory multivariate statistical analyses to
examine recreational participation, intensity, venue
choice and travel distance to better understand the
associated facilitators and impediments to recre-
ational participation in Virginia. Lastly, it presents
two competing methodologies for projecting state-
wide needs and gaps. The first, termed “a regional
method” extrapolates regional activity rates to lo-
calities in a manner similar to that used in the 2007
Virginia Outdoors Plan. The second, a cohort com-
ponent method, extrapolates activity levels based on
statewide age, gender, and race activity levels and
local demographic characteristics.

The major findings of the study are as follows:

* The scholarly literature emphasizes the key
role played by demographic, economic and
geographical factors and in recreational
choices. Generally speaking younger resi-
dents are more likely to participate in physi-
cally strenuous activities such as organized
sports while more passive activities such as
walking and bird watching remain popular
much later in life. In addition, Whites exhibit
much higher rates of participation in outdoor
activities than African Americans with the
exception of a small number of team sports

activities. Household size and composition is
also important with families recreating in dif-
ferent activities and different levels depending
on the presence of children, age of children,
and size of household. Economic resources
may also influence the likelihood of participa-
tion as well as the types of activities selected
with admission fees and club memberships
serving as a barrier to participation for lower
income families. Many studies also find geo-
graphical attributes to be important. Geo-
graphical differences arise because different
regions have varied levels of access to recre-
ational resources, residents choose to locate
in areas based on the endowment of favored
recreational amenities, and residents are more
likely to share information and lifestyle choic-
es with their neighbors. However, there is a
huge unexplained residual that reflects myriad
lifestyle, health and attitudinal variables that
are not correlated with demographic and loca-
tion factors. Therefore, needs projections that
rely on demographic and geographical data
alone will necessarily imperfectly predict fu-
ture activity levels.

The relative importance of demographic,
economic, and geographical variables can be
expected to vary by recreational activity. Ac-
tivities that require a high degree of physical
stamina can be expected to see a pronounced
age effect. For activities that involve fee
memberships or high equipment and entrance
costs (e.g., golf, skiing), income may be more
important. For cultural activities such as vis-
iting historical sites, education level might be
a distinguishing characteristic among partici-
pants and nonparticipants. Activities where
access has been restricted by discrimination
may show strong race and gender effects.

Outdoor recreational activities have different
catchment areas. That is to say, some recre-
ational activities draw from much wider ar-
eas than other activities. In part, this pattern
reflects the reality that certain recreational
activities rely on natural resources (such as
mountainous topography or seashore) that



are geographically constrained. In part, it re-
flects the fact that some activities must draw
on much larger geographical areas to attract
an adequate number of visitors to be viable
venues. Many such venues are seasonal in
nature or are more likely to be undertaken as
part of lengthier tourism trips. DCR may want
to treat these activities differently in planning
and evaluation.

Three methods are commonly used to project
recreational needs into the future. Per capita
methods use an average participation rate for
a total population combined with aggregate
state and local population projections. Cross-
section methods take into account population
heterogeneity such as demographic, economic,
and geographical characteristics. One catego-
ry of cross-section method that has been used
in recreational planning is the cohort-compo-
nent method. It uses information on partici-
pation by demographic category (age group,
race, gender) and population projections by
demographic category to compute future ac-
tivity levels. Trend extrapolation methods use
information on activity rates from the past to
project activity rates. The advantage of cross-
section methods is that they can exploit infor-
mation on population attributes to improve
projection quality. This feature can be advan-
tageous for local planning particularly when
there is a great deal of geographical population
heterogeneity as there is in Virginia. The ad-
vantage of trend extrapolation methods is that
they can potentially capture “period effects”
(i.e., changes in recreational activity rates
that result from technological changes, shifts
in tastes and preferences and other time de-
pendent factors) to the extent that they are re-
flected in the momentum of prior activity rate
changes. The disadvantages of each method
are related to data availability issues. Other
methods such as the “statistical projection ap-
proach” and simulation based approaches have
been used on an experimental basis but have
not been widely adopted by planners because
of data limitations or costs of model develop-
ment.

DCR assessed 48 recreational activities for
recreational resource planning purposes as

part of the 2011 Outdoors Survey. This study
identifies three different levels of catchment
areas based on aligning average travel distanc-
es and locality, planning district, and statewide
straight-line travel distance radii for these
activities. Twenty-one of the activities have
catchment areas that align with locality bound-
aries (baseball, basketball, fitness trail, foot-
ball, geocaching or letterboxing, golf, ice skat-
ing, in-line skating, jogging/running, off-road/
multi-use bicycling, single track bicycling,
skateboarding, soccer, softball, swimming/
pool, tennis, playground, volleyball, walking).
Nineteen activity catchment areas correspond
to regional planning districts (bird watching,
canoeing/kayaking/rowing, driving motorcy-
cle/ATV/UTV off road, driving motorcycle off
road, freshwater fishing, hiking/backpacking,
horseback riding, hunting, nature study/nature
programs, picnicking, power boating, rafting,
sailing/sail boarding, tubing, visiting historic
areas, visiting natural preserves, visiting parks,
water skiing). Six of the activities are most
appropriately planned at the statewide level
(developed camping, primitive camping, cross
country skiing/snowshoeing, downhill ski-
ing/snow boarding, driving 4-week off road,
jet ski/personal watercraft, saltwater fishing,
sunbathing/relaxing on the beach, swimming
beach). These latter activities are best located
by conducting regional and/or statewide fa-
cility location studies that maximize regional
and statewide population access to new or im-
proved facilities.

Exploratory regression analyses of house-
hold participation rates indicate that Virginia
patterns generally conform to the findings of
other national and state recreational studies.
Household respondent age is a statistically
significant variable for each of the 48 recre-
ational activities investigated. For 30 of the
activities, participation decreases with age.
However, eighteen activities, including many
passive or low impact activities, exhibit an
inverted “U-shaped” pattern with participa-
tion rising, plateauing, and then decreasing.
Gender is a statistically significant for half of
the activities with male participation higher in
fourteen, including many outdoor wilderness
activities, watersports, and motorsports while



female participation is greater in nine, some of
which are likely associated with the presence
of children (e.g., playground, skateboarding,
sledding).

Resident location shapes recreational choices.
Urban residents are more likely to jog, play
soccer, play tennis, or golf. Residents of the
Chesapeake region are more likely to engage
in watersports activities (e.g., sunbathing, salt-
water fishing, powerboat, sailing, canoeing).
Mountain region residents are more likely
to participate in wilderness recreation activi-
ties (e.g., camping, hiking, freshwater fishing,
hunting).

Virginia has significant socioeconomic dispar-
ities in recreation participation. For example,
African Americans are much less likely to
participate in 30 of 48 recreational activities
than Whites, even after controlling for other
economic, demographic, and geographical
factors. The disparities among other racial/
ethnic groups (i.e., Hispanic, Asian) were less
pronounced. In addition, higher incomes are
associated with increased likelihood of partici-
pating in 29 of the 46 activities. The availabil-
ity of private recreational facilities may play
a role in participation, particularly for tennis,
golf and swimming.

* Recreational needs projections expressed in
terms of activity-days conducted using two
competing approaches provide contrasting re-
sults. The first method (called the “Regional
method”) replicates the technique used to proj-
ect locality and statewide needs for the 2007
Virginia Outdoors Plan. Locality resident
activity rates are assumed to be the same as
parent recreation-planning regions. The sec-
ond method is based on the cohort-component
method. Instead of region-specific rates, it re-
lies on statewide rates for twenty-eight demo-
graphic categories distinguished by age group,
gender, and race. The cohort-component
method produces generally lower statewide
activity estimates than the regional method.
Activity-day estimates are lower for most ac-
tivities. Aggregate activity levels, obtained by
summing activity-days for all 48 activities, are
also lower. In addition, the cohort-component
method produces more localities with pro-
jected aggregate activity-day decreases (54)
compared to the regional method (39). These
differences stem from the cohort-component
method’s ability to capture the effect of chang-
es in overall population growth rates as well
as changes in the demographic composition of
the population due to factors such as aging that
will decrease participation rates. In contrast,
the regional method applies current participa-
tion rates to projected population figures.






INTRODUCTION

Virginians, like other Americans, are spending an
increasing amount of time and resources on outdoor
recreation activities. According to the 2011 Virginia
Outdoors Survey, (Guterbock et al. 2011) participa-
tion rates and intensity levels for most types of out-
door recreation have increased over those found in
survey work conducted five years ago. However,
while participation is increasing and population is
growing, participation and population growth dif-
ferences among regions and various demographic
groups mean that changes in demand for outdoor
recreation activities in the future will vary substan-
tially by geographical regions of the state. With
limited resources available for open space and land
acquisition, facility maintenance, and new construc-
tion, these changes make it important to have up-
to-date estimates and projections of recreational
needs and gaps for recreational planning. This pa-
per provides background literature review, statisti-
cal analyses, and results from applying alternative
methodologies to provide a better understanding of
how competing approaches affect computations of
state and local needs and gaps.

This report is divided into several sections. The first
section provides a review of economics and leisure
science literature on recreation demand and recre-
ation participation decision-making. The second
section discusses alternative methods for projecting/
forecasting state and local outdoor recreation needs.
The third section describes a way to determine
catchment areas for different outdoor recreation
activities and assign appropriate geographical plan-
ning boundaries. The fourth section presents results
of empirically modeling recreational choices of Vir-
ginia households using data from the 2011 Virginia
Outdoors Survey. The final section provides the
results of implementing two different methodolo-
gies for estimating and projecting statewide activity
levels: a method that extrapolates regional activity
rates to localities as was done for the needs and gap
analysis that underlies the 2007 Virginia Outdoors
Plan and a cohort component method that differen-
tiates activity levels based on age, gender, and racial
categories and weights them by their corresponding
population totals in localities.






SECTION 1
DETERMINANTS OF OUTDOOR RECREATION PARTICIPATION

This section examines recreation participation as
primarily an economic decision that involves mak-
ing choices among available alternatives when
faced with scarcity. The reason for this is that eco-
nomic models have played an important role in the
genesis of recreational projection methodologies
and can help provide perspective on the issues faced
when choosing among competing methodologies.
In an economic modeling framework for outdoor
recreation, “use” or “participation” is determined
through the interplay of demand and supply (Cic-
chetti 1973). The demand curve shows the quantity
of outdoor recreation demanded at various prices,
while the supply curve provides the quantity of out-
door recreation services available at different pric-
es. Since travel costs are a significant portion of
the price of recreation services, the spatial allocation
of recreational resources plays an important role in
modeling demand and supply.

Two foundational modeling strategies provide the
underpinnings for analyzing the demand for out-
door recreation. Outdoor recreation is demanded
by individuals because it is a leisure activity that
provides satisfaction similar to the consumption of
other goods and services (Humphreys and Ruseski
2011; McConnell 1985). Individuals also demand it
because it produces health and wellbeing, which en-
hances the enjoyment of other non-outdoor leisure
activities and improves long term utility through
health maintenance and longevity (Humphreys and
Ruseski 2011; Grossman 1972).

In the simple static (one period) model of labor sup-
ply, individuals consume two things that produce
utility: market goods and leisure time (Killing-
sworth 1983). They are constrained in their choices
by their time allocation decision in the labor mar-
ket. Formally, an individual maximizes his utility
as a function of market goods and leisure time. He
maximizes utility by choosing the combination of
goods and leisure that provides the highest value
subject to a budget constraint and a time constraint.
The budget constraint is total income defined by the
amount of hours worked multiplied by the wage rate
added to other non-labor income such as dividends,
interest, and rent. The time constraint is simply the
total amount of time available in a day. The model

predicts that individuals will vary in the quantity de-
manded of leisure based on the price of leisure (i.e.,
the opportunity cost of leisure which is the wage
rate), the prices of other goods and services, non-
labor income, and tastes and preferences.'

Time spent in recreation can also be modeled as a
health investment choice, which has dynamic (mul-
tiperiod) effects. In Grossman’s (1972) model of
health, individuals allocate their time and budget
among spending that produces health directly, on
purchasing medical services, and on other goods
and services. Money and time spent on outdoor
recreation effectively increases utility indirectly
through its effects on long-term health capital stocks
and longevity.

Much of the literature on economic forecasting of
recreation activity eschews formally modeling de-
mand and supply structural parameters (McConnell
1985). If one needs only to predict recreational ac-
tivity, a reduced form equation (which expresses the
equilibrium quantity of outdoor recreation as a func-
tion of exogenous variables) will suffice (Cicchetti
1973).

With the goal of forecasting recreational activity
levels (V) for a given population, Cicchetti struc-
tures the reduced form forecast model by first disag-
gregating V into participation decision (P), intensity
of use conditional on participation (U), and popula-
tion (N) components:

(1) V=P*U*N

The recreation participation decision for a given
activity is represented by one equation (2) and the
participation level decision by another (3).

(2) P=f(X1, S1, P1)
(3) U=g(X2, S2, P2)

1 Deyak and Smith (1978) further refine outdoor recreation
decision modeling using a household production approach
in which individuals are both producers and consumers of
recreational services. They produce recreation services by
combining time, market goods, and public resources, which
results in an individual cost or supply curve. They demand
recreation services as a function of price, income, and taste
related variables. Within each household, this implicit mar-
ket determines the equilibrium level of recreational services.




For these equations, f() and g() are functions, X1
and X2 are vectors of demand variables such as de-
mographic factors that influence recreation choices,
S1 and S2 represent area resource stocks, and P1
and P2 are variables that represent participation in
other recreation activities that may potentially in-
crease or decrease involvement in the activity in
question.  For instance, boating and fishing often
undertaken in combination while skateboarding and
bird watching are mutually exclusive activities un-
likely to be interdependent in any fashion.

Most population-based studies of recreation use un-
dertaken in the last 30 years have strayed very little
from the basic framework proposed by Cicchetti.
Deyak and Smith (1978) confirm the importance of
separating recreation use estimation into two stages
by finding that different variables influence partici-
pation and intensity of use decisions. This conven-
tion has been adopted by many forecasting stud-
ies ever since, including recent forecasting studies
sponsored by the Forestry Service for recreational
planning (Bowker et al. 2011; Bowker et al. 2006),
albeit drawing on a more sophisticated array of
econometric tools such as count models. Moreover,
the underlying theoretical rationales for including
specific demand and supply variables have been fur-
ther developed. These variables are arranged into
specific categories, (a) demographic, (b) geographi-
cal, (c) economic, and (d) recreation activities, for
further examination.

DEMOGRAPHIC

Age. All studies of recreation activity feature age
as a standalone variable or variables expressed in
quadratic form to capture fluctuations in activ-
ity levels associated with the lifecycle. The activ-
ity level age profile varies by type of activity, with
participation in more physically strenuous activities
such as organized sports decreasing after the early to
mid 20s while less physically demanding activities
such as walking and bird watching remain popular
much later in life (Dwyer 1994). This relationship
arises because of the competing demands for leisure
time that occurs when raising a family, the general
deterioration in physical vigor that occurs as aging
progresses, generational differences in tastes and
preferences for particular recreational activities, and
societal expectations about recreational abilities in
later life (Floyd et al. 2006; Dwyer 1994).

Race/Ethnicity. Most studies find race/ethnicity to
be an important determinant of outdoor recreation
activity, with African-Americans markedly less
likely to participate relative to other racial/ethnic
groups (Dwyer 1994). Generally speaking, whites
exhibit higher rates of participation in outdoor ac-
tivities than African-Americans, the exception being
a handful of team sport activities such as football
and basketball where recreation facilities are more
commonly found in densely populated areas (Dw-
yer 1994). African-Americans are significantly less
likely to participate in wilderness activities, water
activities, snow activities and activities that involve
higher out-of-pocket expenses such as golf and ski-
ing (Bowker et al. 2006; Dwyer 1994). This pat-
tern persists for a variety of reasons, including dif-
ferences in tastes and preferences, discrimination or
perceived discrimination, greater fear of accessing
these resources because of personal safety concerns,
and the correlation of race with other covariates re-
flecting socioeconomic disadvantage and more re-
mote access to recreational resources such as parks
and open space (Floyd et al. 2006; Johnson, Bowk-
er, and Cordell 2001).

Gender. Females are less likely to participate in
some recreation activities than males. For instance,
women are less likely to visit wilderness areas and
to fish and hunt (Bowker et al. 2006; Miller and Hay
1981). Reasons offered for such patterns include dif-
ferences in tastes and preferences, recreational time
constraints imposed by the women’s traditional role
as homemaker, discrimination, and personal safety
fears (Floyd, et al. 2006; Johnson, Bowker and
Cordell 2001).

Education. Higher levels of education are associ-
ated with greater participation in some activities.
This relationship may reflect the role of education in
building knowledge and awareness of recreation op-
portunities and improving skills for certain activities
(Li et al. 2003; Kelly 1980). Education may also
improve health knowledge and foster a longer-term
time preference orientation (Grossman 2006; Farrell
and Shields 2002), both of which could stimulate
interest in outdoor physical exercise. Higher edu-
cation may increase opportunities to participate in
recreation during youth and influence future tastes
(Farrell and Shields 2002). Lastly, education is as-
sociated with socioeconomic status, which may lead



to the adoption of higher status recreational leisure
pursuits. Such higher status activities might include
golfing, horseback riding, and snow skiing, in which
participants incur significant costs for equipment
and admission fees (White 1975).

Household Size and Composition. Many recre-
ational surveys collect data from households, which
vary in size and composition. Greater household
size increases the probability that an individual from
the household will participate in a given recreation
activity (Cicchetti 1973). Family life cycle fac-
tors also play a role in the popularity of particular
kinds of activities and the amount of time available
for adult members in the household to pursue adult
activities (Kelly 1980). For instance, households
with small children may be more likely to access
playgrounds and youth sports (e.g., baseball, soccer)
facilities but less likely to participate in activities
that are more adult in nature because of family time
constraints (Farrell and Shields 2002).

GEOGRAPHICAL

Rural/urban Residency. Some studies find that
rural and urban residents recreate in different ways.
For example, hiking, fishing, and hunting are more
common among rural residents while organized
sport activities such as tennis and golf are more pop-
ular among urban and suburban dwellers (Dwyer
1994; Miller and Hay 1981). These differences may
partly or wholly reflect different levels of resource
access (Farrell and Shields 2002; Miller and Hay
1981). Open space supporting wilderness activi-
ties is more plentiful in rural areas while recreation
facilities such as ball fields are more common in
densely populated areas. The differences may also
stem from geographical differences in tastes and
lifestyles (Dwyer 1994), which may result from in-
dividuals choosing where to live based on the avail-
ability of recreational amenities (Colwell, Dehring
and Turnbull 2002).

Regional Recreation Resource Availability and
Quality. The spatial structure of recreational re-
sources, congestion levels, resource management
characteristics, environmental qualities, and govern-
ment recreational spending may influence recreation
choices. Studies include geographical resource vari-
ables representing accessibility at the local (Bowk-
er et al. 2011), state (Walsh et al. 1992; Miller and
Hay 1981; Hay and McConnnell 1979; Deyak and

Smith 1978), and regional level (Bowker, English,
and Cordell 1999) or employ distance (Bowker et al.
2006) and distance weighted accessibility measures
(English and Home 1996). While actual data on fa-
cility peak congestion or average congestion levels
are generally not available, some studies measure
potential congestion by adjusting resource availabil-
ity measures by area population (Cicchetti 1973).
Participation in some recreation activities has been
found to be more sensitive to congestion and qual-
ity than others. For instance, wilderness activities
such as hunting, fishing, and backpacking are more
likely to be affected by congestion than biking and
picnicking (Bowker 2001). Deyak and Smith (1978)
find that congestion affects recreation participation
rather than the intensity of use.

Other resource quality and management measures
may be equally important. For instance, Cicchetti
(1973) finds that water pollution has a negative im-
pact on recreation participation for water activities
such as fishing. The number of bird species avail-
able is positively associated with bird watching par-
ticipation (Hay and McConnell 1979). Humphreys
and Ruseski (2007) indicate that state-level spend-
ing on parks and recreation increases participation
in organized sports.

Neighborhood Characteristics. Residents of the
same neighborhood often exhibit similar recreation-
al preferences. Smirnov and Egan (2012) argue that
spatial independencies arise for three reasons. First,
neighborhood households routinely exchange in-
formation with one another about their recreational
experiences, which results in similar choices®. Sec-
ond, household recreational choices are influenced
by peer pressure (i.e., the “keeping up with the
Jones” effect). Third, residents with similar tastes
are likely to choose particular neighborhoods based
on the provision of recreational amenities such as
parks and swimming pools.

Migration/Immigration. Several studies have ex-
amined the role of regional and international migra-
tion in recreational decisions. Some researchers have
argued that migration may decrease involvement in
some recreation activities because of preference dif-

2 The importance of this information channel is underlined by
the 2011 Virginia Outdoors Survey finding that nearly three-
quarters of respondents heard about recreation opportunities
through “word of mouth” (Guterbock et al. 2011).



ferences, disruption of leisure social networks, and
lower levels of familiarity with recreational oppor-
tunities in a new area (Bowker et al. 2006; Johnson
etal. 2004; Li et al. 2003). Results are inconclusive.
Li et al. find that long-term residency is inversely
related to no consumptive outdoors activities, per-
haps because migrants are more likely to engage in
exploratory search at their new locations. Although
both Bowker et al. (2006) and Johnson et al. (2004)
conclude that immigrants differ in their visitation
frequency to wilderness recreation sites, Johnson
et al. find no evidence that immigrants assign less
value to outdoor natural resources.

ECONOMIC

Income. Income has an uncertain effect on recre-
ation activity decisions and can affect recreation
participation decisions and levels differently (Hum-
phreys and Ruseski 2011, 2007). Income can be
disaggregated into wage income and non-wage
(e.g., dividends, interest, and rent) income. Increas-
es in non-wage income causes individuals to prefer
a greater quantity of normal goods and less of infe-
rior goods. Cicchetti (1973) provides skiing as an
example of the former and sledding as an example
of the latter. Wage income has an even more uncer-
tain relationship with recreational choices. Increas-
es in wages causes what are called both “income”
and “substitution” effects. The income effect means
that wage increases increase the amount of income
available to households and has the same impact as
an increase in non-wage income. On the other hand,
increases in wages makes leisure time comparative-
ly “more expensive” than before and higher wage
earners are consequently more likely to substitute
time working for recreating.

Homeownership. Homeownership may affect rec-
reation decisions in contrasting ways (Cicchetti
1973). On the one hand, homes are a component of
household wealth, which is convertible into income.
Thus, it affects the demand for recreation in the same
manner as other forms of non-wage income such as
dividends and rent. It also affects the supply of
recreational resources. Since owner-occupied hous-
ing units generally have larger lots than rental hous-
ing, homeowners often have easier access to land
for recreational activities and can elect to construct
their own private recreational activity centers (e.g.,
play equipment, swimming pools). Own provision
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of recreational open space may decrease the demand
for some categories of both public and private (e.g.,
private club) open space (Cordell 1976).

Employment and Occupation Status. Retirees,
the unemployed, and homemakers face a lower cost
of leisure time, which should increase recreation
activity participation and intensity. Employment
in certain occupations has been cited as a factor in
a handful of studies. White-collar workers may be
more likely to participate in recreational activities
since an important component of their compensation
package is vacation time whereas the self-employed
may have less scheduling flexibility (Cicchetti
1973). Employment in high status occupations may
also be associated with a preference for recreational
activities that confer prestige (Kelly 1980). How-
ever, White (1975) indicates that such occupational
effects dissipate after controlling for income and
education, which lends credence to the notion that
occupation does not have an independent effect.

RECREATION ACTIVITIES

Previous Recreation Experiences. Participation
decisions and levels may exhibit some “path de-
pendence.” In other words, recreational activities
undertaken in the past may influence individuals’
choices in the future even though the circumstances
that led to the decision to participate may no longer
be as relevant. This relationship persists because
of habit formation, the lower costs of obtaining in-
formation about recreational opportunities for fa-
miliar activities and sites, and the phenomenon of
“learning by doing” for activities that require more
advanced skill levels to provide satisfaction (Ad-
amowicz 1994; Munley and Smith 1976).

Participation in Other Recreation Activities. Rec-
reation activities may be complements or substitutes
(Cicchetti 1973). For example, boating and fishing
or picnicking and camping often occur in tandem.
On the other hand, hunting and fishing would be
more likely to be competitive alternatives in a single
trip. Caswell and McConnell (1980) point out that
simultaneity in recreation decisions is caused by
three factors: (a) a budget constraint which means
that income spent on one activity often cannot be
spent on another activity, (b) a time constraint that
means that time spent on one activity often cannot
be spent on another activity, and (¢) “complementar-



ity of tastes” meaning that the activities in combi-
nation provide greater satisfaction than undertaken
alone. Joint modeling of recreation activities par-
ticipation has been found to improve model estima-
tion and forecasting (Walsh et al. 1992; Caswell and
McConnell 1980; Cicchetti 1973).

Table 1.1 summarizes factors found to be important
in public recreational participation decisions. The
list assembled above is by no means exhaustive. A
variety of other attitudinal and individual variables
have been found in individual studies to influence
recreational activity choices. For instance, Bowker
et al. (2006) examine the relationship between en-
vironmental advocacy group membership and rec-
reation use. The amount of vacation time available
to households and health statuses of individuals are
also relevant. While these variables might improve

model fit, they would not be useful in developing a
workable framework for projecting recreational ac-
tivity levels for a population. Therefore, they are
not covered here.

Also, the relative importance of each of these vari-
ables should be expected to vary by recreational ac-
tivity (Kelly 1980). Activities that require a high
degree of physical stamina can be expected to see
a strong age effect. For activities that involve fee
memberships or high equipment and entrance costs
(e.g., golf, skiing), income may be a more important
factor. For cultural activities such as visiting histor-
ical sites, education level might be a distinguishing
characteristic among participants and nonpartici-
pants. Activities where access was historically and
is currently more likely to be affected by discrimina-
tion may show strong race and gender effects.
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Table 1.1 Recreation Participation Variable Summary

Category/Variable

Relationship

Representative Studies

Demographics

Age

Race/Ethnicity

Gender

Education

Household Size and
Composition

Region/Space

Urban/Rural Residency

Regional Recreation
Resource Availability
and Quality

Neighborhood Charac-
teristics

Migration/Immigration

Economy

Income

Homeownership

Employment and Oc-
cupation Status

Recreation

Participation in another
recreation activity

Previous participation in
same recreation activity

Participation decreases with age for many physically de-
manding activities beginning in early to mid 20s. Peak year
for passive activities such as bird watching occurs much later.
The relationship arises because of the family life cycle fac-
tors, decrease in physical fitness, and generational differ-
ences in tastes and preferences.

Whites are more likely to participate in outdoor wilderness ac-
tivities than minorities. Blacks are more likely to participate in
athletic activities. Choices may be shaped by proximity to fa-
cilities, discrimination, tastes, and personal safety concerns.

Males and females show different participation rates based
on tastes, household obligations, and personal safety con-
cerns.

Education increases participation in most activities. It is re-
lated to improved awareness of recreational opportunities,
recreational skill acquisition, and greater recognition of the
health benefits of exercise.

Larger households are more likely to indicate a household
participant in recreation. Presence of children will increase
the likelihood of youth recreation activity participation.

Urban and rural residents show differences based on tastes
and access to facilities. Residents migrate to areas partly
based on availability of particular types of recreational ameni-
ties.

Lower resource availability, inferior quality, congestion, and
pollution decrease participation.

Residents of neighborhoods recreate alike because of infor-
mation exchange, peer pressure and residential sorting.

Migrants will exhibit lower levels of participation for some ac-
tivities because of preferences and lower awareness of rec-
reation opportunities.

Recreation participation generally improves with increases in
income. However, activity levels will decrease for so-called
“inferior goods.”

Wealth effects may increase participation if recreation is a
normal good. Home lots may represent substitute recreation
resources for public and private venues.

Retired individuals have more leisure time. White collar work-
ers may have greater flexibility in vacation choices than blue-
collar or self-employed.

Participation in other recreation activities may either increase
or decrease likelihood of participation depending on whether
activities are complements or substitutes.

Previous exposure increases likelihood of future participation
because of habit formation, lower information costs, and skill
acquisition.

Floyd et al. (2006); Li et al. (2003);
Dwyer (1994); Kelly (1980); Cic-
chetti (1973)

Floyd et al. (2006); Johnson,
Bowker and Cordell (2001); Dw-
yer (1994); Kelly (1980); Cicchetti
(1973)

Bowker et al. (2006); Johnson,
Bowker and Cordell (2001); Kelly
(1980); Cicchetti (1973)

Li et al. (2003); Kelly (1980); White
(1975); Cicchetti (1973)

Kelly (1980); Cicchetti (1973)

Dwyer (1994);
(1981)

Miller and Hay

Bowker et al. (2011); Humphreys
and Ruseski (2007); Miller and
Hay (1981); Hay and McConnell
(1979); Deyak and Smith (1978);
Cicchetti (1973);

Smirnov and Egan (2012)
Bowker et al. (2006); Johnson et
al. (2004); Li et al. (2003)

Kelly (1980); Cicchetti (1973)

Cordell (1976); Cicchetti (1973)

Kelly (1980); White (1975); Cic-
chetti (1973)

Caswell and McConnell (1980);

Cicchetti (1973)

Adamowicz (1994); Munley and
Smith (1976)




SECTION 2
RECREATION ACTIVITY PROJECTION METHODS

This section outlines some of the options for pro-
jecting recreational activity levels based on method-
ologies suggested in the literature with a description
of each methodology and discussion of the advan-
tages and disadvantages of each approach. The
problem boils down to estimating an activity rate
(r) expressed as average activity-days per resident
for an individual activity i for time period t for a
well-defined group such as a county, region, and/or
demographic group j using all available pertinent
information:

rijtzf(Xijt’X
Pop

iji-12

Pop

ijt-n’
ijt> ijt-17 " Popijt-n)

where f() is a function and X is a vector of demo-
graphic, economic, resource availability, and activ-
ity variables similar to the kinds discussed in the
previous section, and Pop represents population.
In turn, the estimation/projection of actual activity
levels depends on the availability of population esti-
mates /projections for groups that correspond to the

activity rate(s).

There are basically three methods available to esti-
mate rates. The most elementary method (per capita
method) is to estimate a given activity rate for an
average individual, abstracting from other cross-
sectional deterministic characteristics and time
dependent effects. A second category of methods
(cross-section methods) uses information on cross-
sectional characteristics for a given activity to im-
prove estimation and forecasts. The third category
of methods (trend extrapolation method) uses infor-
mation on temporal variation for a given activity to
improve estimation and forecasts.

PER CAPITA METHODS

Most recreational activity models project future
levels using an average participation rate for a total
population combined with state and local area total
population projections (Murdock et al. 1990).

Basically, the activity rate (r) is computed by divid-
ing the aggregate activity level as computed from a

survey by the surveyed population:

r=Activity,/Population,

This rate varies by type of activity but is assumed
to be invariant across time and various demograph-
ic groups. Therefore, activity levels increase/de-
crease at the same rate as area population growth/
decline. The obvious advantage of the method is
its simplicity. It is easily computed based on re-
sponses to a relatively small set of survey questions
(i.e., questions about activity levels of households
and household size) and can be projected with area
aggregate population projections. The downside
of the method is that it ignores information on rec-
reation activity trends and information on the de-
mographic, economic, and locational attributes of
the population that could potentially improve the
quality of projections. Moreover, it fails to exploit
the demographic detail usually available in popula-
tion projections regarding components of popula-
tion changes by age, gender, and race, which are
typically important determinants of recreational
activity levels.! Incorporating this information
could potentially result in much richer results, par-
ticularly if there is wide geographical variation in
demographic and economic characteristics, as is
the case in Virginia. Indeed, projected recreation
activity levels could grow faster or slower than
area total population growth or even decline over
time in areas experiencing population growth. For
example, population aging should curtail partici-
pation in many recreational activities, while rising
incomes and education levels would tend to in-
creased participation in most activities. Increasing
minority populations and rural to urban migration
could also alter the recreational needs mix.

CROSS-SECTION METHODS

Cross-section methods take into account charac-
teristics that vary among individuals at a point in
time and influence recreational activity levels when
computing activity rates. These methods exploit in-
formation on the demographic, socioeconomic, and
locational characteristics of the population obtained
from survey data. Among this category of methods
are ones that (a) compute regional or sub-regional per

1 Population projections are based on cohort-component
models, which take into account trends in birth rates, migra-
tion rates, and mortality rates by age, race, and gender and
produce local area population projections by age group, race,
and gender (Murdock et al. 1990).
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capita activity rates and (b) compute demographic
cohort (i.e., age, race, and gender) activity rates.

The activity rate is computed by dividing the aggre-
gate activity level for a specific group j by the cor-
responding surveyed population for the group:

rij=ActiVityij t/Populationij )

This rate varies by type of activity and group but is
assumed to be invariant across time.

Regional activity rate methods are perhaps the most
elementary way to incorporate some cross-sectional
variation but they reduce the variation to its regional
dimension. Region of residence will capture some
degree of variation attributable to other cross-sec-
tional causal variables such as tastes and prefer-
ences, demographic characteristics, and recreational
resource availability but results could be sensitive to
the regional classification scheme used.

Cohort component methods recognize the role of
race, age, and gender in determining recreation
activity levels. Such methods have seen some use
in the recreational planning literature (Dwyer and
Marsinko 1998; Dwyer 1995; Murdock et al. 1990;
Mittleider et al. 1980). Cicchetti (1973) provided
the empirical underpinning for such techniques,
finding that race and age have the greatest effects on
the probability of participation in outdoor activities.
However, the explanatory power of such variables
is not universally accepted. Kelly (1980) finds that
although important for particular activities, such
demographic variables generally account for only a
small portion of the variation in recreation activity
participation for most activities.

Cross-section methods have two potential prob-
lems. The first is a sample size problem since ac-
tivity rates will be computed from survey data. As
the sample is splintered into heterogeneous cat-
egories, the number of observations available for
activity rate computations diminishes and the mar-
gin of error increases. The second problem arises
from the absence of trend variables. Group activ-
ity rates are assumed to be invariant over time.
But, rates can change over time in response to the
advent of new sports, technological change, evolv-
ing recreational taste and preferences, rising life
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expectancies and improved health (Bowker 2001;
Dwyer and Marsinko 1998).

TREND EXTRAPOLATION METHODS

Another way to estimate future activity levels is
to use information on activity rates from the past.
There are a variety of ways to project and fore-
cast activity rates, including statistical techniques.
However, the most basic way is simply a two-period
trend extrapolation:

ril+k= [(rit)/(ril-k)] x rit

This rate varies by type of activity and can be com-
puted for different time periods but is invariant
across groups, including regions. The methodology
has seen limited application in state recreational
forecasting. For example, a forecast of Minnesota
outdoor recreation participation (Kelly 2005) uses
estimates of activity participation for two periods
to estimate a trend line for projecting participation
levels.

A potential advantage of trend extrapolation meth-
ods is that they might capture “period effects” to
the extent that they are reflected in prior activity
rate changes. Such effects result from technologi-
cal change, shifts in tastes and preferences and other
factors. For certain activities such as hunting and
fishing participation levels, such period effects may
be even more important than demographic changes
(Dwyer 1994). Unfortunately, the lack of extensive
time series for recreation participation restricts ac-
tivity rate projections to as few as two data periods.

OTHER METHODS

There are other methods that do not fit neatly into
any of the categories described above. One method,
which Buhyoff and Leuschner (1980) refer to as the
“Extension of Past Trends in Specific Causal Vari-
ables” method and Mittleider et al. (1980) refer to as
the “Statistical Projection Approach,” combines re-
sults of cross-sectional multivariate regression with
projections of causal input data. Forestry Service
researchers have used this method in recent work
(Bowker et al. 2011; Bowker et al. 2006; Bowker
2001; Bowker, English and Cordell 1999) to com-
pute dynamic rates based on indices calculated
from multivariate regressions with projected cross-
section causal variables. In this approach, rates are



computed using parameter estimates for cross-sec-
tion recreation participation models, combined with
projected means for causal variables, to represent the
characteristics of the average individual.> Projected
participation rates are computed by multiplying cur-
rent participation rates by an index that is computed
by dividing projected activity levels by baseline es-
timated activity levels. The limited availability of
state and local forecast data for inputs makes the
widespread adoption of the method somewhat prob-
lematic.> Publicly available forecasts on the state
and local area for items such as income, education,
are typically not available, although some private
vendors (e.g., Woods and Poole Economics, Inc.)
produce small area long-term forecasts that could be
used in developing recreational projections. Bowk-
er et al. use long-term national macroeconomic

2 Activity levels can be modeled as a one-stage or two-stage
process using regression analysis. Typically, a two-stage
procedure is used in which the annual activity level is disag-
gregated into two components: participation decision and
conditional intensity level. Each of these components is then
modeled (Bowker 2001; Bowker, English, and Cordell 1999;
Cicchetti 1973):

Activityij:PinTij
where i is the ith activity j is the jth individual
P=probability of the participating during the year

T is the annual number of days or trips during the year

Participation decisions are usually modeled using a binary
choice model such as logit or probit regression, which takes
into account the discrete form of the dependent variable.
Intensity level conditional on activity participation is often
modeled using a ordinary least squares regression or a count
model such as Poisson or negative binomial (Bowker et al.
2011; Bowker et al. 2006; Bowker, English and Cordell
1999). By splitting the recreational activity decision into
two stages, explanatory variables may vary. For instance,
Deyak and Smith (1978) find that resource congestion
influences participation decisions but not intensity of use
for camping. Activity levels are also modeled by joint-

ing estimating the processes (participation and intensity)
using modified count models such as hurdle models or zero
inflated count models (Termansen, Zandersen and McClean
2008) or Heckman selection models (Humphreys and Rus-
eski 2011, 20006).

3 Mittleider et al. (1980) argue that cohort-component method
may be more appropriate for short-run projections. Long run
projection (greater than seven years) should use a regression
method because it permits other causal factors that influence
long-term trends to be incorporated into the projection.

projections data from the U.S.D.A. Economic Re-
search Service in lieu of regional projections®.

Simulation methods such as microsimulation and
agent-based models have seen some experimen-
tal recreation applications in the academic litera-
ture in recent years (Maggi, Stupino, and Fredella
2011; Hunt, Kushneriuk and Lester 2007; Cullinan,
O’Donoghue and Hynes 2006; Van Middelkoop
2001). However, recreational planners have not
adopted them. Microsimulation is a modeling tech-
nique that models unit behavior (such as individu-
als and households), generates artificial data for an
entire population, simulates the effects of alterna-
tive policies, and makes predictive forecasts. Mi-
crosimulation models such as TRANSSIMS (Smith
et al. 1995) and URBANSIM (Waddell 2002) have
been adopted by some state and metropolitan plan-
ning organizations for transportation and land use
planning®. However, recreation applications have
been limited, in part, because of the enormous costs
involved in model development and maintenance
and the lack of an common set of modeling conven-
tions and tools. However, the dissemination of new
open source tool kits for generating population mi-
crodata from Census data such as POPGEN (Ye et
al. 2009) and dynamic microsimulation behavioral
engines like URBANSIM makes it likely that they
will play a larger role in the future. In developing
such a model for a state, it would be possible to link
household records from a outdoor recreation survey
to household records from U.S. Census Public Use
Microdata Sample (PUMS) data to generate syn-
thetic populations that exhibit recreational behav-
iors and dynamically model changes in recreation
activity choices over time as a function of simu-
lated population changes that arise from life cycle
events (e.g., household formation, marriage, births,
aging, deaths, migration) and public policies. The
results could be aggregated to the appropriate geo-
graphical scale or demographic cohort for planning
and forecasting.

4 Bowker et al. received U.S. macroeconomic projections pro-
vided by a commissioned report from the U.S.D.A. Similar
projections for shorter time horizons appear to be available
in the International Macroeconomic Data Set available at
http://www.ers.usda.gov/Data/Macroeconomics.

5 Urbansim is a “software-based simulation system for sup-
porting planning and analysis of urban development.” More
information about it is available at http://www.urbansim.org
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SECTION 3
RECREATION ACTIVITY CATCHMENT AREAS

Households travel different distances to participate
in various recreational activities. ~ Recreational
planners take into account these different catchment
areas by distinguishing between facilities designed
for local and regional use (Mertes and Hall 1996;
Lancaster 1983). Within local facilities, further dif-
ferentiation can be made based on physical prox-
imity and variety of activity areas available (e.g.,
neighborhood park, community park, urban park,
sports complex).

GIS. Table 3.1 shows the mean, median, minimum,
and maximum diameters in miles of the bounding
circles for these boundary areas. Based on a forty
mile per hour travel rule, the average county and
independent city-planning boundary corresponds
roughly to activities that occur within one hour of
home. Planning district boundaries correspond to
activities that occur within 1-2 hours. Any travel
distance 2 hours or longer recommends a recreation

Table 3.1 Planning Area Diameter Computations in Miles

Several rules of thumb for

determining catchment areas
have been suggested in the
literature. ~ Baas and Haas
(2011) state that a market area

Area Mean Median Max Min

Counties and Independent Cities 26.92 31.39 63.03 2.64
Planning Districts 77.43 79.30 104.30 77.43
Recreation Planning Areas 233.43 224.40 364.11 120.80
State 478.67 N/A N/A N/A

for a specific site can reason-
ably be inferred on the basis
of “where at least 75 percent of the visitors reside.”
Therefore, catchment areas could be determined
by aggregating the results of site-specific survey
data for different types of recreational resources.
Other studies suggest distance-from-home rules-of-
thumb. Bowker et al. (2011) finds that “the vast ma-
jority of outdoor recreation takes place within a few
hours drive of home.” Bowker, English and Cordell
(1999) estimate that the maximum catchment area
for most recreational activities is 200 miles. The
National Forestry Service uses 200-mile travel-
distance zone for Forestry Service recreation sites
(Garber-Yonts 2005).

Recreation catchment area calculations reported
here for Virginia are based on survey data from the
Virginia Outdoors Survey. The survey methodology
and response are described further in Guterbock et
al. (2011). As part of the questionnaire, respondents
who participated in each of 48 activities were asked
to estimate how much time on average was needed
to get from their home to where the activity occurred
(see Appendix A.1 for questionnaire).

In order to estimate the appropriate planning unit for
assigning individual recreation activities, the small-
est enclosing circles were superimposed on pro-
jected maps of locality, planning district, recreation
planning region, and state polygons using ARC-

planning region or a statewide planning boundary.
Given the fact that resources are not evenly distrib-
uted throughout the state, a state planning boundary
may be preferred. These activities are often charac-
terized by resource constraints. That is to say, only
mountainous regions that receive adequate annual
snow are appropriate for ski slope development and
only areas along the coastline are conducive to salt-
water fishing recreation.

Mean travel time computations for each activity are
provided in Table 3.2. More complete results show-
ing summary statistics for mean, median, minimum,
and maximum travel times provided are provided
in Appendix A.2. Results indicate that activities
such as walking, jogging, skateboarding and most
organized sports activity (e.g., baseball, basket-
ball, football, soccer, tennis) take place for the me-
dian household within 30 minutes travel of home.
These activities are most appropriately planned at
the county/independent city level based on county
average diameter calculations. Many wilderness
outdoors activities occur at greater distances (e.g.,
bird watching, boating, freshwater fishing, hunting)
typically requiring on average between one and two
hours of travel. Planning for these activities might
be more appropriate at the planning district level.
The remaining activities are generally constrained
by natural resource features such as mountainous
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Table 3.2 Activity Ranked by Median Travel Time to Destination
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Travel Time
Activity in Hours Planning Boundary
Baseball; Basketball; Fitness Trail; Football; Jogging/running; Off-road/multi-use 0.25 County
bicycling; Skateboarding; Swimming/pool; Tennis; Using a playground;
Walking for pleasure
Golf; Ice skating; In-line skating; Single track bicycling; Soccer; Softball; Volleyball 0.5 County
Geocaching or letterboxing; Snow sledding/tubing; Visiting gardens/arboretums 0.75 County
Bird watching away from home; Canoeing/kayaking/rowing; Driving motorcycle, 1 Planning District
ATV, or UTV off road; Freshwater fishing; Hiking/backpacking, Horseback riding;
Hunting; Nature study/Nature programs; Picnicking away from home; Sailing/sail
boarding; Tubing on water; Visiting historic areas; Visiting natural preserves;
Visiting parks
Water skiing or towed on water 1.25 Planning District
Driving motorcycle off road; Power boating; Rafting 1.5 Planning District
Camping, developed; Camping, primitive; Cross country, snowshoeing; 2 State
Driving 4-wheel off road; Jet ski/personal watercraft; Saltwater fishing
Downhill skiing/snow boarding; Sunbathing/relaxing on the beach; 3 State
Swimming/beach
Source: 2011 Virginia Outdoors Study
terrain or seashore (e.g., skiing, saltwater fishing, for such activities might be more amenable to plan-

and going to the beach) and usually involve much  ning on the state level.

greater amounts of time. Recreational open space



SECTION 4
EMPIRICAL ANALYSIS OF RECREATION ACTIVITY

This section examines why recreation activity
choices and intensities vary among households, tak-
ing into account categories of explanatory factors
introduced in the first section (i.e., demographic
characteristics, economic characteristics, and loca-
tion). In addition, it looks at determinants of the
type of venue that recreation participants select.
Virginia residents have a number of options for rec-
reational venues, not all of them located in-state or
publicly-provided. They can select a local private
facility or travel out-of-state to attend a closer site or
a more remote site with special characteristics. The
choices people make will influence the need for Vir-
ginia public open space. In order to explore these
latter decisions in more detail, exploratory regres-
sion analyses are conducted of household choice of
primarily public versus private venues, household
selection of out-of-state venues versus in-state ven-
ues, and average distance travelled by the household
for each activity.

Data for the analysis are drawn from household-lev-
el survey results from the 2011 Virginia Outdoors
Survey. As part of the questionnaire, respondents
were asked if they participated in 48 different activi-
ties during the previous calendar year. If they indi-
cated they had participated, they were further asked
whether the activity occurred mostly in Virginia or
elsewhere, whether the activity occurring mostly in
public places or private places, and how much time
was needed to get from home to where the activity
occurred (see Appendix A.1). The dependent and
independent variables and data sources used in the
analyses are described in Table 4.1. “Dummy vari-
ables” are independent variables that take on values
of 0 or 1 to indicate whether the attribute is absent
or present.

All of the results reported in this section rely on mul-
tiple regression analyses conducted using an explor-
atory regression method called stepwise regression.
Stepwise regression is a statistical model selection
procedure that uses fixed rules to identify variables
from a large list of possible explanatory variables.
It is often used when substantial uncertainty exists
about the underlying model structure as is the case
here. The stepwise model selection rule employed
here relies on backward selection. With backward

selection, an initial model is estimated that contains
all of the independent variables. Thereafter, vari-
ables are removed that fail to meet a certain thresh-
old of statistical significance (in this case a statisti-
cal significance level of 10 percent for a two-tailed
test) and the equation is re-estimated. Statistically
insignificant variables continue to be culled until a
final statistical model containing all statistically sig-
nificant variables is chosen.

Stepwise model selection is combined with two dif-
ferent regression estimation techniques. The first,
logit regression, is appropriate for data in which
the dependent variable represents a binary choice.!
Three of the survey questions imply dependent
variables that are dichotomous. Recreation activ-
ity participation choices are cast as “yes” (value of
1) or “no” (value of 0). Venue choices are either
“private” (value of 1) or “public” (value of 0). Lo-
cation choices are “out-of-state” (value of 1) or “in-
state” (value of 0). The remaining two dependent
variables, intensity levels and hours of travel time,
are measured on a more-or-less continuous scale.
Values for these variables typically vary from less
than one to the thousands. In these instances, ordi-
nary least squares regression is used. Results are
presented for 48 different activities included in the
survey in Appendices A.3-A.9.

A brief description is provided here on how to inter-
pret the standard regression output reported in the
tables. Each table provides an estimated coefficient
value, a standard error estimate in parentheses, the
results of a two-tailed coefficient statistical signifi-
cance test that the coefficient is different from zero
distinguished by number of asterisks correspond-
ing to the associated p-value, and an R2. For the
ordinary least squares regression regressions, the

1 In a linear probability model, prob(y=1 | x)=otxf3 where x
is a vector of independent variables and  are the associated
coefficients and o the intercept term to be estimated. One
problem with using this model with binary choice data is
that predicted values can occur outside the [0,1] probability
interval. Another problem is that coefficient estimates have
an undesirable statistical property called inefficiency that
results in systematically inaccurate coefficient test results. In
contrast, the logit model relies on the logistic function which
characterizes the probability using the logistic function

prob(y=1[x)=e*¥/(1+e* ). The model corrects for both of
these problems.
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Table 4.1 Variable Definitions and Data Sources

Variable Definition Data Source
Dependent Variables
PART Participation in activity during year (1=Yes, 0=No) Virginia Outdoors Survey (VOS)
INTENSITY Person-days of activity during year VOS
PUBPRIV Activity occurred mostly in privately-owned places (1=Yes, VOS
0=No)
INOUTSTATE Activity occurred mostly outside of Virginia (1=Yes, 0=No) VOS
TRAVELDIST Time (in hours) traveled from home to location of activity VOS
Demographic
AGE Age of household respondent in years VOS
AGE2 Square of age
MALE Dummy variable for household respondent is male VOS
ASIAN Dummy variable for household respondent race/ethnicity is VOS
Asian
BLACK Dummy variable for household respondent race/ethnicity is VOS
Black
HISPANIC Dummy variable for household respondent race/ethnicity is His- VOS
panic
OTHER Dummy variable for household respondent race/ethnicity is Na- VOS
tive American or Other
WHITE Dummy variable for household respondent race/ethnicity is VOS
White/Caucasian
KIDS Dummy variable for children (less than 18 years of age) in VOS
household
HH_SIZE Size of household VOS
Economic
INCL25 Dummy variable for household income of $25,000 or less VOS
INC25TO50 Dummy variable for household income of $25,000 to $50,000 VOS
INC50TO75 Dummy variable for household income of $50,000 to $75,000 VOS
INC75_100K Dummy variable for household income of $75,000 to $100,000 VOS
INC100KPLUS Dummy variable for household income of $100,000 or greater  VOS
HOUSE Dummy variable for household respondent is homeowner VOS
Region/Space
PURBAN Percentage of locality population residing in urban areas U.S. Census Bureau
MOUNTAIN Mountain recreation planning area Virginia Department of Conserva-
tion and Recreation (VDCR)
PIEDMONT Piedmont recreation planning area VDCR
CHESAPEAKE Chesapeake recreation planning area VDCR
URBAN Urban corridor recreation planning area VDCR

[NAME OF RESOURCE]"#
PUBINAME OF RESOURCEJ**
PRI[NAME OF RESOURCEJ**

MILES®

Amount of recreational resource available for activity in locality
divided by 2010 population

Amount of public recreational resource available for activity in
locality divided by 2010 population

Amount of private recreational resource for activity available in
locality divided by 2010 population

Straight-line distance from locality population centroid to near-
est other state boundary

VDCR Recreation Inventory and
U.S. Census Bureau

VDCR Recreation Inventory and
U.S. Census Bureau

VDCR Recreation Inventory and
U.S. Census Bureau
Computations based on U.S. Cen-
sus Bureau cartographic boundary
files

' This variable is used in regressions of recreation participation with activity resource variables, regressions for choice of primarily
out-of-state venue for activities, and regressions for average travel time in hours to visit activity sites.

2 These variables are introduced in regressions of choices between public or private venues and out-of-state or in-state venues

for recreation activities.

3 This variable is used in regressions of selection between in-state and out-of-state venues for recreation activities.

4 See Table 4.2 for list of names, definitions, and recreational variable correspondences for resource variables.
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Figure 4.1 Virginia Recreation Planning Regions
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Source: Virginia Department of Conservation and Recreation

coefficient value provides the marginal effect of the
explanatory variable in both direction and magni-
tude. The standard error provides an estimate of
the standard deviation of the coefficient. It can be
interpreted as the precision of the coefficient mea-
surement. When the coefficient is large relative to
its standard error, one has greater confidence that
the actual coefficient value is different from zero.
The p-value measures the degree to which the find-
ing would be unusual if, in fact, the coefficient were
zero. The smaller the p-value, the lower the like-
lihood that the value is zero. The cutoff p-value
used for hypothesis testing here was “p<.1” and any
coefficient with an associated p-value at that level
or smaller will be termed “statistically significant.”
For ordinary least square regressions, the R2 value
provides a measure of model fit. It reflects the de-
gree to which variation in the dependent variables is
accounted for by the included explanatory variables.

The interpretations of certain statistics for the log-
it regressions are somewhat different. The logit
model is nonlinear and its coefficient cannot be in-
terpreted as the marginal effect of the independent
variable on the dependent variable. The coefficients
are interpreted as the change in the “log odds” as the
independent variable changes. However, the sign
of the coefficient and p-value are the focus of atten-
tion in this section and their interpretation remains
the same. In addition, the pseudo R? statistic is no

longer a measure of model fit but rather provides
a diagnostic statistic for comparing nested logit re-
gression models. This statistic is standard output
and can be ignored without loss of information.

In order to present the magnitude of effect for in-
dividual explanatory variables on estimated par-
ticipation levels in a manner similar to the ordinary
least squares regressions, a marginal effect is also
computed for the initial set of logit regressions. The
marginal effect depends on the values of the explan-
atory variables, and thus varies by observation. In
order to standardize the reporting, the marginal ef-
fects are computed using the default settings for the
mfx procedure in STATA. The procedure computes
the marginal changes (dy/dx) from baseline average
values of each continuous explanatory variable and
the value of zero for each dummy explanatory vari-
able.

RECREATION PARTICIPATION

Results for household recreation participation logit
regressions are reported in Appendix A.3, Appendix
A.4 and Appendix A.5. Appendix table A.3 shows
regression results using demographic, economic,
and selected regional variables assembled from sur-
vey and linked data sources available for each of
the activities. Four recreational planning regions
used by the Virginia Department of Conservation
and Recreation (see Figure 4.1) are used to reflect
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regional differences in recreational tastes, resources,
and other factors that may influence recreation par-
ticipation decisions.?

Appendix A.4 reports the marginal effects. For
dummy variables, the interpretation is straightfor-
ward. Each marginal effect represents the effect on
participation level of a discrete change as the vari-
able changes from zero to one. The baseline pre-
dicted participation level is evaluated at average val-
ues of AGE, HH_SIZE, and PURBAN and default
(zero) values of MALE, ASIAN, BLACK, HIS-
PANIC, OTHER, KIDS, INC25 50K, INC50 75K,
INC75 100K, INCI00KPLUS, HOUSE, MOUN-
TAIN, CHESAPEAKE, and URBAN (i.e., a white,
female-headed household with less than $25,000 in
income living in the Piedmont region).  For in-
stance, the baseline predicted participation level is
approximately 12.5 percent for primitive camping.
Changing the household head characteristic to Af-
rican American reduces the predicted participation
level by nearly 11 percent to 1.5 percent.

Appendix table A.5 includes one additional variable,
the total inventory of the corresponding recreational
resource available in the household’s of residence
divided by the locality population to reflect use
congestion. This variable was introduced to assess
the effect of resource availability alone versus the
combination of regional tastes and preferences AND
resource availability as reflected in the regional rec-
reational planning districts variables. Locality-level
inventories were obtained from the Virginia Depart-
ment of Conservation of Recreation based on a 2011
survey of local governments. If no resource measure
was available then no recreation activity participa-
tion regression is performed.

Clearly, there are distinct regional differences
among the types of recreational resources and fa-

2 The Recreation Planning Regions are defined as aggrega-
tions of Planning Districts. The Chesapeake Region consists
of the Northern Neck, Middle Peninsula and Accomack-
Northampton Planning Districts. The Urban Corridor
Region is made up of the Northern Virginia, Richmond
Regional, George Washington, Crater, and Hampton Roads
Planning Districts. The Piedmont Region is composed of the
Rappahannock-Rapidan, Thomas Jefferson, Region 2000,
West Piedmont, Southside, and Commonwealth Planning
Districts. The Mountain Region consists of the Lenowico,
Cumberland Plateau, Mount Rogers, New River Valley, Roa-
noke Valley-Alleghany, Central Shenandoah, and Northern
Shenandoah Valley Planning Districts.
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cilities available. A principal components analysis
of recreational resources by locality reveals that
three components explain over 50 percent of the
locality-level variation for 37 recreational inventory
measures.” These components can be characterized
as representing: (1) urban recreational facilities,
(2) land-based wilderness activities, and (3) water-
based activities. Figures 4.2-4.4 illustrate the three
inventory variables that are representative of these
components: (a) the total number of urban recre-
ational facilities, (b) recreational open space land
acreage, and (c) recreational open space boating
acreage. Urban recreational facilities (see Figure
4.2) are most commonly found in denser populated
urban and metropolitan regions such as Northern
Virginia, the City of Richmond and its environs, and
the Hampton Roads region.* Land acreage is most
plentiful in the Shenandoah Valley and Blue Ridge
Mountains (see Figure 4.3). Boating acreage is
comparatively larger in the Northern Neck, Middle
Peninsula and Eastern Shore (see Figure 4.4).

Activity regressions were estimated using informa-
tion on inventories of acreage or facilities pertinent
to the activities in question. For example, in esti-
mating activity participation for golf, the number
of golf holes was used. Resource variable names,
measurement units, and corresponding activity vari-
ables that map onto each of the resource variables
are provided in Table 4.2. Resource inventories
corresponding to every activity were not available.
For example, the inventory file did not contain in-
formation on the number of skating rinks or historic
sites, making it impossible to assess the importance
of resource variables in ice skating participation
and historic site visitations. Therefore, regressions
were conducted for 27 activities that had available
resource measures, as listed in Appendix A.5.

Although it is not feasible to report on each and ev-
ery regression in Appendix A.3, and marginal ef-
fect in Appendix A.4, several patterns among the
activities are presented. First, household respon-
dent’s age is statistically significant for each activ-

3 Principal components analysis is a data reduction technique
that transforms a set of observations for correlated variables
into a set of values of uncorrelated variables referred to as
“principal components.”

4 Urban recreation facilities were defined as the total number
of playgrounds, baseball fields, softball fields, football fields,
soccer fields, basketball courts, tennis courts, golf holes, and
volleyball courts.



Figure 4.2 Urban Recreation Facilities by Locality, 2011
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Source: Virginia Department of Conservation and Recreation Inventory

ity. For most activities, participation decreases with
age. However, eighteen of these activities exhibit
an inverted “U-shaped” pattern with participation
rising, plateauing, and then decreasing. Included
among them are many “passive” or relatively low
impact activities such as camping, picnicking, na-
ture study, bird watching, visiting gardens, visit-
ing nature preserves, and visiting historical sites
that may require lower levels of physical exertion.
Gender is statistically significant for half of the ac-
tivities with male participation higher in fourteen,

including many outdoor wilderness activities (e.g.,
primitive camping, hiking, freshwater fishing, and
hunting), watersports (e.g., jet skiing, power boat-
ing, canoeing), and motorsports involving motor-
cycles, four wheelers and ATV/UTVs. Female
participation is greater in the remaining nine, in-
cluding sunbathing/swimming activities, walking,
and activities that are likely associated with the
presence of children in the household (e.g., play-
ground, skateboarding, sledding). Among racial/
ethnic categories, Black/African American has the

Figure 4.3 Recreational Open Space Land Acreage by Locality, 2011
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Figure 4.4 Recreational Boating Acreage by Locality, 2011
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Source: Virginia Department of Conservation and Recreation Inventory

Table 4.2 Resource Inventory Variables for Recreation Activities

Activity Name

Inventory Variable

Definition

Primitive Camping CAMP_PRIV Number of Primitive Camping Spots
Developed Camping CAMP_DEV Number of Developed Camping Spots
Hiking/ Backpacking HIKING Hiking Trail Miles

Fitness Trail use FITNESS_TM Fitness Trail Miles

Horseback Riding HORSE_TM Horse Trail Miles

Playground PLAYGROUNDS Number of Playgrounds

Softball SOFTBALL Number of Softball Fields

Baseball BASEBALL Number of Baseball Fields

Soccer SOCCER Number of Soccer Fields

Basketball BASKETBALL Number of Basketball Courts
Football FOOTBALL Number of Football Fields
Volleyball VOLLEYBALL Number of Volleyball Fields

Tennis TENNIS Number of Golf Courts

Golfing GOLF Number of Golf Holes

Jet Ski BOATINGACRE Boating Surface Water Acreage

Power Boating

BOATINGACRE

Boating Surface Water Acreage

Canoeing FISHING_SM Stream miles
Water Skiing BOATINGACRE Boating Surface Water Acreage
Rafting FISHING_SM Stream miles
Tubing FISHING_SM Stream miles

Swimming Pool

OUTDOOR_POOL

Number of Outdoor Swimming Pools

Sailing BOATINGACRE Boating Surface Water Acreage
Went Hunting HUNTING Hunting Acreage

Driving 4-Wheel-Drive Off Road OFFROAD Off-road Trail Mileage

Driving Motorcycle Off Road OFFROAD Off-road Trail Mileage

Driving All-Terrain Vehicle OFFROAD Off-road Trail Mileage

Snow Skiing or Snowboarding SKILIFT Number of Ski Lifts
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most profound and pervasive negative impact on
participation. Participation is lower for 30 differ-
ent activities and higher for only four (i.e., football,
basketball, volleyball, and inline skating). Given
baseline values, the marginal effect of being African
American on participation levels is negative double
digits for ten activities, including sunbathing (-30
percent), hiking (-19 percent), canoeing (-17 per-
cent), visiting historic sites (-17 percent), visiting a
park (-16 percent), hunting (-12 percent), visiting a
nature preserve (-12 percent), swimming at a beach
(-12 percent), swimming at a pool (-12 percent),
and primitive camping (-11 percent). Other racial/
ethnic categories more closely resemble the baseline
White, Non-Hispanic category. Hispanic and Asian
participation differs for nine activities with a mix-
ture of positive and negative effects.

Household size is associated with greater likelihood
of participation in 40 of the 48 activities. Presence
of children in the household enhances the likelihood
of participating in a dozen activities. Higher income
than the baseline category (less than $25,000 house-
hold income) increases the likelihood of participat-
ing in 29 of the 46 activities. For three activities,
lower income is associated with greater likelihood
of participation (i.e., fitness trails, 4-Wheeler, hunt-
ing). Urbanization generally decreases outdoor
recreation participation except for a handful of
activities where urban facilities may be important
(e.g., jogging, soccer, tennis, golf). Residents of
the Chesapeake region are more likely to engage
in watersports activities (e.g., sunbathing, saltwater
fishing, powerboat, sailing, canoeing) while Moun-
tain region residents are more likely to participate in
wilderness recreation activities (e.g., camping, hik-
ing, freshwater fishing, hunting).

The results from adding activity resource variables
to the stepwise logit recreation activity participation
regressions are reported in Appendix A.5. These
variables were generally not statistically signifi-
cant, the exceptions being golf holes for golfing,
miles of hiking trails for hiking, and hunting acre-
age for hunting. Therefore, the availability of rec-
reational resources does little to dilute the effect of
regional (i.e., Mountain, Chesapeake, Urban Corri-
dor) variables. Only for hunting, did the addition
of the resource variable cause the effect of the re-
gional variables to dissipate. These results suggest
that regional variables do more than merely capture

variation in resource availability. They provide ad-
ditional explanatory power by incorporating re-
gional differences in resident tastes and preferences
and other regionally varying factors.

RECREATION INTENSITY

An important consideration in assessing recreation
needs is the activity levels of those who participate.
Heavy intensity recreation use by a small group of
participants can generate volumes similar to light
intensity by a much larger group of participants.
Appendix A.6 reports the results of conditional
recreational intensity regressions that examine ac-
tivity levels by participating households. Intensity
is measured as total person-days that the household
engaged in the activity during the year. For ex-
ample, if a household with four members reported
going on two camping trips together during a year
for two days each trip, the household would have
accumulated 16 person-days of total camping activ-
ity during the year. Comparison of this table with
the results of the previous section indicates that
the stepwise procedure does not generally select as
many explanatory variables for inclusion. Among
the variables that are included, household size is the
most dominant factor explaining recreation intensi-
ty. The presence of children enhances intensity ex-
cept for passive nature activities (e.g., nature study,
gardens, bird watching), which are probably more
popular with empty nesters. Most higher income
dummy variables have negative coefficients. While
this result might seem counterintuitive, it is consis-
tent with a household production modeling frame-
work where higher wage households have higher
opportunity costs for leisure time (Humphreys and
Ruseski 2011, 2007).

PRIVATE/PUBLIC VENUE

Private open space may be either a complement
or substitute to public open space. Yet, as Cordell
(1976) explains, recreational open space plan-
ning has paid little attention to how one quantity
affects the other. Researchers have identified sev-
eral patterns in private sector demand and supply.
Havitz (1989) finds that consumer preferences for
public versus commercial sector products vary
based on attributes of the product and market-
ing messages. Cordell (1976) indicates that de-
mand for private open space is strongly associated
with family income and negatively related to the
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Figure 4.5 Total Recreational Open Space Acreage by Ownership
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Figure 4.6 Percentage Private Ownership by Facility Type
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quantity of local public open space. On the sup-
ply side, Lovingwood and Mitchell (1978) show
that private sector provision varies by facility func-
tional category and location. Public facilities tend
to be more concentrated in more urbanized areas
and are designed for more general recreation usage
while private facilities are more uniformly distrib-
uted and specialized. Abercrombie et al. (2008) in-
dicate that geographical barriers for private facilities
are not always present for underprivileged groups.
However, other financial and social barriers may
exist because private sports clubs and organizations
generally charge higher membership and entrance
fees and some have discriminated on the basis of
race/ethnicity, gender and religion.

An analysis of Virginia Department of Conservation
and Recreation recreational inventory data finds that
over 90 percent of recreational open space land and
water acreage is publicly owned (see Figure 4.5),
but the private sector is an important provider for
many specialized facilities (see Figure 4.6). All
of Virginia’s ski facilities are privately owned and
operated. In addition, most marina slips, camping
sites, golf courses, outdoor pools, and hunting-re-
lated facilities (e.g. skeet shooting, archery) are pri-
vately owned. In contrast, almost all water-related
open space and athletic facilities (e.g., football, soc-
cer, softball, baseball fields) are publicly owned.

Consumer choices between public and private al-
ternatives are explored further with stepwise logit
regressions. The regression explanatory variables
are the same as for the activity participation regres-
sions reported in Appendix A.3 with two additional
variables reflecting locality per capita private and
public resources available. These variables are in-
cluded for the same reason that aggregate resource
variables were included in the previous section.
The local availability of private and public facili-
ties will affect the relative costs of selecting public
versus private recreational venues. The results are
reported in Appendix A.7. Results are not available
for a handful of activities where survey respondents
never participated in an activity at a private venue.

In line with Cordell (1976), household income is
positively associated with the likelihood of choos-
ing a private recreational venue for ten of twenty-
one activities examined (i.e., developed camp-
ing, football, volleyball, tennis, golf, power boat,

water skiing, tubing, swimming pool, and hunting).
Black/African American is negatively associated
with private sector venue choice for six activities,
including three often provided by private clubs (i.e.,
tennis, golf, and swimming pools). In addition,
Mountain region residents are less likely to choose
private venues than their Piedmont region baseline
counterparts in ten of the activity areas. Most ac-
tivities show no evidence of complementarity or
substitutability. Substitutability is suggested by one
result. For developed camping, more public camp-
ing sites decreases the likelihood of selecting a pri-
vate camping venues. On the other hand, more pub-
lic football fields increase the likelihood of selecting
private football venues, which suggests comple-
mentarity. The availability of private lakes is asso-
ciated with a greater likelihood of selecting private
venues for jet skiing. Curiously, a higher availability
of private playgrounds and outdoor pools is associ-
ated with a lower resident likelihood of using these
private facilities. The resource variables relation-
ships obtained may be spurious effects and reflect
measurement problems with the underlying inven-
tory data. Localities may have had more difficulty
maintaining an up-to-date and accurate inventory of
facilities available at private locations.

LOCATION

The remaining regressions provide additional insight
into household recreational travel characteristics.
Appendix A.8 shows results of stepwise logit regres-
sions for 24 activities regarding choice of in-state
or out-of-state venue for activities. The procedure
selected from variables used in recreation activity
participation regressions reported in A.6 plus one
additional variable indicating the distance from the
household’s locality centroid to the nearest state
boundary. Results indicate that this distance vari-
able plays an important role in choices for 15 of the
24 activities examined. Residents closer to another
state boundary had a higher likelihood of choosing
an out-of-state venue than residents in more interior
locations. This result likely reflects the greater like-
lihood of multi-state catchment areas those residing
closer to adjacent states. Income was also important
for ten activities. A higher income than the baseline
income category (less than $25,000 household in-
come) was associated with a greater likelihood of
choosing out-of-state locations for nine activities.
This result likely reflects the impact of higher costs
associated with out-of-state travel. Lastly, the com-
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bination of either larger household size or presence
of children had a dampening effect on out-of-state
visitation for seven activities (i.e., primitive camp-
ing, developed camping, horse riding, tennis, golf,
jet ski, swimming pool). Holding all else constant,
larger households will have lower per-person bud-
gets for discretionary travel expenses, which may
inhibit longer travel trips.

Appendix A.9 shows the results of regression anal-
yses where the dependent variable is the average

travel time in hours to visit activity sites. Explana-
tory variables are the same as those used for re-
gressions in A.6. Unfortunately, the explanatory
variables were rarely statistically significant and
the model explanatory power, as reflected in R?
values, generally poor. The poor performance of
these models may reflect the subjective nature of
time assessments and the possibility that house-
holds vary markedly in their transportation options
and face different traffic congestion and road qual-
ity conditions.



SECTION 5
RECREATION ACTIVITY PROJECTIONS

This section describes the results of using two alter-
native methods for estimating and projecting recre-
ation activity levels. The first method is an attempt
to replicate what was used in the 2007 Virginia Out-
doors Plan (VOP) (Virginia Department of Conser-
vation and Recreation 2007). The second method
is a cohort-component projection method (Dwyer
1995; Murdock et al. 1990; Mittleider et al. 1980).

The 2007 approach (hereafter called the “Regional
method”) is described in Appendix D (Demand,
Supply and Need for Outdoor Recreation Areas) of
the VOP. It can be characterized as a cross-section
method that estimates average resident activity lev-
els for each activity by region. Local resident activ-
ity levels are assumed to be the same as the parent
recreation-planning region described previously as
Chesapeake, Piedmont, Mountain, and Urban Cor-
ridor. It can be inferred from the text and other
materials used in the computations that resident
activity levels are determined by multiplying mean
participation proportions by median person-days of
activity per household member (i.e., total household
person-days involved in the activity divided by the
household size) for each activity. The median of
person-days per household member is used in lieu
of means or household-size weighted means be-
cause of suspected sample bias problems.! These
local activity levels by recreation activity were then
applied to local area population estimates and pro-
jections to obtain aggregate local-area activity lev-
els. Region and statewide aggregate activity levels
are obtained by aggregating local results.

The alternative approach is based on the cohort-
component projection method. Instead of region-
specific average rates, rates were estimated state-
wide for twenty-eight demographic categories
distinguished by age group (4 years or less, 5-13

1 The bias problem may arise from several sources: (a) Survey
respondents may be unrepresentative of the sampled popula-
tion by being more likely to engage in outdoor activity than
non-respondents; (b) Survey respondents who completely
answered questions regarding participation intensity may
have higher intensity levels than those who responded to
questions about participation but did not provide complete
information to participation intensity questions; and (c)
Respondents may have provide inflated estimates of their
activity participation rates and intensities.

years, 14-17 years, 18-24 years, 25-39 years, 40-64
years, 65 or more), gender, and race (white and non-
white). Mean participation rates were multiplied by
median activity levels for each demographic catego-
ry. Local aggregate activity levels were obtained by
multiplying the demographic group activity levels
by the corresponding local area demographic group
population and projections.?

Since the 2011 Virginia Outdoors Survey collected
information at the household level, it was neces-
sary to allot household person-days to individuals
by age and gender within the household in order to
compute demographic cohort rates.> This allotment
was accomplished by using an imputation routine
suggested for imputing aggregate household con-
sumption expenditures to household members on
the basis of age (Lee and Mason 2011). The itera-
tive routine involved establishing an initial seed by
dividing the person-days of activity equally among
members of the household. Activity levels were
then aggregated across all households in the survey
and a new per capita profile was generated based
on aggregated activity levels by age-sex category.
The per capita profile was then used as weights to
allot activity person days to household members by
age group, which was then aggregated across house-
holds to produce a refreshed per capita profile. The
procedure was repeated until the profile converged.
For each of the 48 activities examined, this method
converged to a solution with a few dozen iterations.
The routine was coded in MATLAB.

Statewide results by method are shown in Table 5.1.
The first column of the table (Iabeled “2007 VOP”)

2 Population projections for 2020 were obtained from the
Virginia Employment Commission and were aggregated into
different age categories (i.e., 5-9 years, 10-14 years, 15-19
years, 20-24 years) than those used in the 2011 Virginia Out-
doors Survey. Therefore, projection totals were interpolated
to correspond to the survey-based age groups.

3 Some State Comprehensive Open Space Recreation Plans
(SCORPs) collect person-level activity information, which
would simplify the use of cohort-component methodology.
For instance, California uses a two-stage survey approach:

a first-phase household survey that collects household in-
formation and a follow-up survey to collect individual level
activity information. Some SCORP surveys ask household
respondents to recall activity levels by activity for each
individual family member.
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Table 5.1 Statewide Activity Estimates and Projections of Total Activity Days by Method

2007 VOP Regional Method Cohort Component Method

Activity 2010 2010 2020 2010 2020

Camping, primitive 4,582,532 5,247,846 5,801,561 4,971,523 5,262,711
Camping, developed 9,353,715 4,121,781 4,467,382 4,813,979 5,769,910
Walking for pleasure 246,696,819 196,878,365 219,622,074 191,419,615 206,109,944
Jogging/running 97,043,797 129,677,194 145,692,491 90,121,913 96,396,959
Hiking/backpacking 9,685,164 12,307,721 13,648,662 14,270,724 15,276,219
Fitness Trail 5,360,521 8,344,860 9,328,398 9,926,877 10,171,565
Horseback riding 1,988,983 1,581,398 1,751,750 2,056,978 2,201,365
Using a playground 41,894,116 36,749,382 41,214,412 44,751,506 55,326,088
Softball 15,925,059 6,389,489 7,104,804 6,968,721 7,669,981
Baseball 13,637,281 11,111,557 12,427,209 7,435,903 7,882,564
Soccer 19,248,539 18,402,055 20,624,384 27,684,830 29,395,551
Basketball 34,300,540 18,785,786 20,979,037 10,342,882 10,972,638
Football 23,340,502 10,644,483 11,978,974 9,356,102 9,955,153
Volleyball 3,378,046 7,943,110 8,936,650 4,812,563 5,177,825
Tennis 14,310,420 14,548,804 16,406,653 10,537,524 12,314,724
Golf 24,808,380 10,105,353 11,307,132 11,061,155 13,102,364
Freshwater fishing 11,430,651 12,517,828 9,579,174 10,507,709
Saltwater fishing 9,392,619 4,495,503 5,071,687 5,414,291 6,606,039
Sunbathing/relaxing on the beach 28,087,813 23,085,783 25,764,663 19,302,270 21,018,146
Jet ski/personal watercraft 2,764,436 1,673,647 1,850,810 1,614,724 1,784,185
Power boating 12,211,484 4,691,808 5,233,846 3,490,110 3,814,838
Sailing/sail boarding 2,423,771 1,151,488 1,304,306 1,282,611 1,403,830
Canoeing/kayaking/rowing 3,078,503 3,609,835 4,011,309 3,215,423 3,557,064
Water skiing or towed on water 2,156,238 2,061,376 2,321,645 1,421,302 1,531,035
Rafting 619,738 627,218 704,939 576,490 604,987
Tubing on water 945,848 1,357,379 1,503,293 895,711 932,611
Swimming/pool 35,776,094 39,841,929 38,242,659 41,318,407
Swimming/beach 20,907,645 20,763,177 23,218,224 16,847,413 18,301,403
Off-road/multi-use bicycling 10,133,556 11,386,802 12,404,914 13,667,364
Single track bicycling 7,432,077 8,363,945 10,720,614 11,116,640
Driving 4-wheel off road 2,438,972 2,652,174 2,112,662 2,332,729
Driving motorcycle off road 1,437,237 1,734,200 1,864,494 922,158 960,947
Driving motorcycle/ATV/UTV off road 5,003,491 5,360,548 4,103,963 4,267,880
Skateboarding 5,410,349 3,630,683 4,108,032 2,456,208 2,582,077
In-line skating 15,732,337 654,918 733,074 1,102,131 1,231,801
Hunting 11,072,047 8,935,616 9,731,327 6,052,209 6,668,791
Picnicking away from home 10,578,028 6,822,870 7,571,800 6,797,001 7,204,173
Nature study/Nature programs 3,436,430 2,130,978 2,370,860 2,069,003 2,313,651
Visiting gardens/arboretums 3,352,367 4,063,616 4,556,843 3,757,999 4,057,809
Bird watching away from home 1,570,791 1,736,851 1,975,328 2,211,505
Visiting natural preserves 8,532,809 5,061,936 5,683,390 4,031,130 4,585,562
Visiting parks 34,304,985 38,560,460 17,344,130 18,511,035
Visiting historic areas 14,452,933 13,074,326 14,651,022 10,451,103 11,385,410
Geocaching or letterboxing 299,047 327,680 244,697 273,912
Downhill skiing/snow boarding 3,391,475 3,267,369 3,661,080 3,098,720 3,371,661
Cross country, snowshoeing 427,137 477,028 248,115 277,705
Snow sledding/tubing 2,188,328 2,417,003 1,913,284 2,017,813
Ice skating 517,664 577,370 592,063 678,033
State Total 717,255,700 801,427,833 644,812,406 704,082,314
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shows 2010 projections produced for the 2007 Vir-
ginia Outdoors Plan based on 2006 Outdoors Recre-
ation Survey data using the Regional method. The
next two columns of numbers (labeled “Regional
Method) use 2011 Outdoors Recreation Survey data
to produce new 2010 estimates and 2020 projections
using the Regional method. The final three columns
use the cohort-component methodology. The 2010
population was obtained from the 2010 U.S. Census
and 2020 projections were obtained from the Vir-
ginia Employment Commission.

The results indicate that results are somewhat sen-
sitive to the method of rate disaggregation. The
cohort-component method produces generally
lower statewide activity estimates than the regional
method. Activity estimates are lower for 32 of the
48 activities in 2010. Aggregate activity levels, ob-
tained by summing activity levels for all 48 activi-
ties, are also lower. The cohort-component method
aggregate activity level (obtained by summing the
activity levels for all 48 activities) is only 90 percent
of the level from the regional method for 2010. This
percentage decreases to 88 percent of the regional
method for 2020 because the cohort-component
method projects lower rates of growth. This lower
growth rate results from the ability to capture the ef-
fects of changes in the demographic composition of

the population as well as population growth. Popu-
lation aging and increasing minority population
shares, in particular, will generally decrease partici-
pation rates and intensities for outdoor recreation.

The sensitivity of locality activity estimates and
projections to choice of method was explored by
comparing locality aggregate activity results. Table
5.2 shows the results by method for each locality.
The unweighted average of locality aggregate activ-
ity for 2010 is fairly close, with the Cohort Compo-
nent method being 98 percent of the VOP total on
average. Individual results sometimes vary substan-
tially. For example, the cohort-component method
aggregate activity level is only 65 percent of the
level from the regional method for Williamsburg
City in 2010 but 129 percent for Richmond County,
located in the Northern Neck. Choice of method has
ramifications for the number of counties projected
to have aggregate recreation activity level decreases
from 2010 to 2020. The regional method produces
39 localities that are projected to have decreases
because of the corresponding population decreases
projected by the Virginia Employment Commission
for those areas. In contrast, the Cohort Component
method produces 54 counties and independent cities
with projected decreases.
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Table 5.2 Locality Aggregate Activity Estimates and Projections by Method

Regional Method Cohort Component Method
Name 2010 2020 2010 2020
Accomack County 2,229,568 2,836,037 2,751,981 3,339,839
Albemarle County 7,768,068 8,457,988 7,707,178 7,773,263
Alleghany County 1,266,753 1,241,184 1,286,396 1,216,752
Amelia County 996,027 1,186,991 1,060,282 1,168,675
Ambherst County 2,539,359 2,603,170 2,606,446 2,628,267
Appomattox County 1,175,218 1,154,810 1,207,917 1,195,984
Arlington County 19,865,944 20,362,432 18,310,303 19,097,099
Augusta County 5,749,108 6,179,492 5,935,801 6,230,531
Bath County 368,800 382,598 387,414 392,477
Bedford County 5,390,319 6,022,549 5,584,091 6,139,411
Bland County 531,958 552,304 566,872 562,241
Botetourt County 2,584,020 2,787,324 2,693,478 2,876,379
Brunswick County 1,368,379 1,433,054 1,526,446 1,618,544
Buchanan County 1,878,536 1,634,929 1,993,641 1,727,577
Buckingham County 1,345,774 1,369,478 1,492,191 1,545,113
Campbell County 4,304,500 4,312,820 4,359,170 4,282,956
Caroline County 2,731,212 3,450,063 2,369,396 2,987,174
Carroll County 2,341,894 2,293,407 2,374,467 2,282,780
Charles City County 694,261 758,941 697,251 692,694
Charlotte County 987,864 955,213 1,019,678 938,398
Chesterfield County 30,257,754 35,644,208 25,380,140 30,188,406
Clarke County 1,094,007 1,428,117 1,149,426 1,499,248
Craig County 404,581 408,323 417,086 376,282
Culpeper County 3,664,579 4,807,851 3,697,927 4,942,562
Cumberland County 788,973 839,049 825,968 835,026
Dickenson County 1,239,703 1,236,974 1,264,546 1,281,319
Dinwiddie County 2,679,162 3,164,647 2,343,196 2,807,468
Essex County 749,666 804,054 928,862 967,746
Fairfax County 103,500,549 105,358,480 90,503,316 87,432,057
Fauquier County 5,117,726 7,010,491 5,259,193 7,066,611
Floyd County 1,191,059 1,282,188 1,215,391 1,304,453
Fluvanna County 2,016,464 2,938,083 2,098,710 3,120,426
Franklin County 4,407,871 4,501,116 4,499,356 4,395,895
Frederick County 6,104,189 7,456,145 6,098,467 7,551,683
Giles County 1,347,513 1,400,210 1,356,815 1,371,735
Gloucester County 2,477,910 3,093,388 3,022,096 3,745,764
Goochland County 2,077,903 2,592,092 1,929,470 2,285,074
Grayson County 1,210,860 1,193,476 1,247,078 1,206,074
Greene County 1,444,435 1,812,157 1,453,274 1,796,984
Greensville County 1,171,422 1,118,606 1,145,603 1,120,843
Halifax County 2,844,524 2,655,758 3,028,222 2,795,097
Hanover County 9,554,985 11,873,716 7,951,186 9,661,947
Henrico County 29,367,826 32,503,099 25,017,796 27,075,014
Henry County 4,250,264 4,158,275 4,455,840 4,335,208
Highland County 180,931 181,789 195,205 173,389
Isle of Wight County 3,374,666 4,217,902 2,991,507 3,651,787
James City County 6,411,483 7,920,563 5,305,938 6,198,626
King and Queen County 466,902 483,172 598,055 573,302
King George County 2,256,539 2,882,484 1,848,630 2,427,994
King William County 1,071,287 1,285,343 1,307,795 1,516,831
Lancaster County 765,801 771,582 933,378 902,100
Lee County 1,994,609 1,915,954 2,043,667 1,942,522
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Table 5.2 Locality Aggregate Activity Estimates and Projections by Method (continued)

Regional Method

Cohort Component Method

Name 2010 2020 2010 2020

Loudoun County 29,882,207 44,872,346 24,562,013 36,371,276
Louisa County 2,602,150 3,287,831 2,786,755 3,364,594
Lunenburg County 1,013,608 1,043,120 1,118,406 1,134,723
Madison County 1,044,533 1,226,314 1,068,353 1,278,536
Mathews County 603,578 610,234 726,709 712,183
Mecklenburg County 2,568,713 2,551,760 2,784,617 2,727,740
Middlesex County 736,758 810,440 931,564 957,581
Montgomery County 7,358,235 7,544,545 6,306,276 6,931,957
Nelson County 1,178,907 1,308,257 1,268,737 1,340,820
New Kent County 1,763,304 2,264,863 1,585,122 1,994,008
Northampton County 832,895 1,003,857 1,056,400 1,153,207
Northumberland County 828,928 980,663 1,013,179 1,083,875
Nottoway County 1,244,288 1,180,555 1,343,316 1,237,187
Orange County 2,627,894 3,298,191 2,649,591 3,339,981
Page County 1,874,170 2,000,222 1,891,343 2,019,025
Patrick County 1,451,264 1,483,052 1,492,106 1,544,488
Pittsylvania County 4,984,530 4,949,289 5,308,317 5,051,184
Powhatan County 2,683,467 3,553,111 2,347,811 3,121,836
Prince Edward County 1,834,134 1,783,194 1,678,664 1,628,638
Prince George County 3,418,201 5,076,926 2,992,572 4,375,664
Prince William County 38,463,925 49,298,163 31,788,693 40,344,482
Pulaski County 2,718,412 2,738,213 2,848,397 2,716,678
Rappahannock County 578,700 646,907 609,853 606,992
Richmond County 622,133 665,563 804,597 861,704
Roanoke County 7,201,080 7,721,189 7,397,304 7,458,460
Rockbridge County 1,738,920 1,736,036 1,779,404 1,708,700
Rockingham County 5,948,982 6,482,967 5,810,306 6,137,023
Russell County 2,252,637 2,435,439 2,326,507 2,453,075
Scott County 1,806,740 1,744,923 1,842,778 1,755,953
Shenandoah County 3,273,523 3,853,033 3,265,393 3,782,985
Smyth County 2,510,743 2,483,927 2,525,106 2,480,945
Southampton County 1,776,795 1,684,367 1,635,076 1,508,401
Spotsylvania County 11,711,059 16,782,626 9,538,953 13,438,969
Stafford County 12,339,108 16,907,777 9,978,827 14,132,208
Surry County 675,316 725,740 625,054 610,915
Sussex County 1,156,495 1,063,876 1,106,743 998,187
Tazewell County 3,514,011 3,681,456 3,611,364 3,716,083
Warren County 2,929,122 3,564,213 2,955,785 3,554,350
Washington County 4,277,804 4,220,274 4,404,742 4,180,908
Westmoreland County 1,173,407 1,232,703 1,451,728 1,471,965
Wise County 3,231,350 3,212,251 3,249,369 3,132,593
Wythe County 2,278,985 2,360,447 2,331,263 2,300,156
York County 6,263,656 7,307,727 5,175,747 6,156,027
Alexandria City 13,392,077 14,655,830 12,673,531 13,832,746
Bedford City 488,359 468,266 480,116 438,584
Bristol City 1,390,310 1,331,299 1,365,327 1,254,343
Buena Vista City 518,394 512,080 488,558 473,273
Charlottesville City 3,412,315 3,251,255 3,192,826 2,965,668
Chesapeake City 21,261,163 26,061,667 17,955,343 21,768,300
Colonial Heights City 1,665,901 1,837,457 1,328,011 1,447,416
Covington City 464,684 463,982 474,479 437,109
Danville City 3,379,349 3,587,816 3,525,068 3,558,319
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Table 5.2 Locality Aggregate Activity Estimates and Projections by Method (continued)

Regional Method Cohort Component Method
Name 2010 2020 2010 2020
Emporia City 567,101 513,424 478,628 435,979
Fairfax City 2,159,040 2,314,809 1,867,695 1,890,139
Falls Church City 1,179,937 1,101,957 1,026,974 893,460
Franklin City 821,134 894,425 704,820 768,530
Fredericksburg City 2,323,707 2,403,122 1,753,057 1,801,991
Galax City 548,952 511,924 536,572 495,146
Hampton City 13,150,004 13,840,725 11,313,016 11,848,433
Harrisonburg City 3,813,042 3,992,415 2,875,183 3,272,956
Hopewell City 2,161,528 2,229,174 1,754,084 1,806,263
Lexington City 548,952 570,234 415,563 431,444
Lynchburg City 5,931,266 5,699,488 5,381,863 5,327,767
Manassas City 3,618,748 4,176,855 2,938,069 3,332,716
Manassas Park City 1,365,654 1,451,575 1,110,786 1,155,339
Martinsville City 1,084,798 1,095,080 1,158,621 1,131,707
Newport News City 17,291,361 17,453,637 14,113,440 13,793,142
Norfolk City 23,231,617 22,719,245 18,836,479 17,679,059
Norton City 308,542 249,999 311,853 254,514
Petersburg City 3,101,976 2,940,658 2,905,650 2,598,847
Poquoson City 1,162,523 1,175,058 951,589 971,949
Portsmouth City 9,140,878 9,609,140 7,850,479 7,923,962
Radford City 1,279,069 1,316,643 918,721 1,073,628
Richmond City 19,539,385 17,898,648 16,839,504 14,827,623
Roanoke City 7,564,034 6,899,164 7,967,602 6,887,857
Salem City 1,933,415 1,882,200 1,873,694 1,757,749
Staunton City 1,851,096 1,732,918 1,861,770 1,711,148
Suffolk City 8,093,171 11,719,192 6,937,384 10,183,343
Virginia Beach City 41,907,673 44,997,593 34,744,451 36,595,909
Waynesboro City 1,637,502 1,962,414 1,606,047 1,870,681
Williamsburg City 1,346,039 1,326,712 887,817 775,937
Winchester City 2,042,629 2,287,093 1,989,361 2,287,448
State Total 717,255,700 801,427,833 644,812,406 704,082,314

34



REFERENCES

Abercrombie, Lauren C., James F. Sallis, Terry L. Conway, Lawrence D. Frank, Brian E. Saelens, and James
E. Chapman. 2008. Income and racial disparities in access to public parks and private recreation facilities.
American Journal of Preventative Medicine 34, 1: 9-15.

Adamowicz, W. L. 1994. Habit formation and variety seeking in a discrete choice model of recreation de-
mand. Journal of Agricultural and Resource Economics 19, 1: 19-31.

Baas, John M. and Glenn E. Haas. 2011. Best practice in recreation resource planning: A resource guide for
planners. National Association of Recreation Resource Planners. http://www.narrp.org/clubportal/Club-
Static.cfm?clubID=1431&pubmenuoptID=28072

Bowker, J. M. 2001. Outdoor recreation by Alaskans: projections for 2000 through 2020. Gen. Tech. Rep.
PNW-GTR-527. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Re-
search Station. 22 p.

Bowker, J. M., Ahley Askew, H. Ken Cordell, and John C. Bergstrom. 2011. Outdoor recreation. Southern
Forests Future Project. Southern Research Station. U.S. Department of Agriculture, Forest Service http://
www.srs.fs.usda.gov/futures/reports/draft/Frame.htm

Bowker, J. M., Donald B.K. English, and H. Ken Cordell. 1999. Projections of outdoor recreation partici-
pation to 2050. In Cordell, H.K., Betz, C.J; Bowker, C.J., Eds. Outdoor recreation in American life: A
national assessment of demand and supply trends. Champaign, IL: Sagamore Publishing. pp. 320-350.

Bowker, J.M., D. Murphy, H.K. Cordell, D.B.K. English, J.C. Bergstrom, C.M. Starbuck, C.J. Betz, and G.T.
Green. 2006. Wilderness and primitive area recreation participation and consumption: An examination of
demographic and spatial factors. Journal of Agricultural and Applied Economics 38, 2: 317-326.

Bowker, J.M. and V.R. Leeworthy. 1998. Accounting for ethnicity in recreation demand: A flexible county
data approach. Journal of Leisure Research 30, 1: 64-78.

Caswell, Margriet F. and Kenneth E. McConnell. 1980. Simultaneous estimation of jointly dependent recre-
ation participation function. Journal of Environmental Economics and Management 7, 1: 65-76.

Cicchetti, Charles J. 1973. Forecasting recreation in the United States. Lexington, MA: Lexington Books.

Colwell, Peter F., Carolyn A. Dehring, and Geoffrey K. Turnbull. 2002. Recreation demand and residential
location. Journal of Urban Economics 51, 3: 418-428.

Cordell, Harold K. 1976. Substitution between privately and publicly supplied urban recreational open
space. Journal of Leisure Research 8, 3: 160-174.

Cullinan, John E., Cathal O’Donoghue and Stephen Hynes. 2006. Using spatial microsimulation modeling
techniques and geographic information systems to estimate the demand for outdoor recreation in Ireland.
8th Nordic Seminar on Microsimulation Models, Oslo, Norway, June 8-9.

Deyak, Timothy and V. Kerry Smith. 1978. Congestion and participation in outdoor recreation: A household
production function approach. Journal of Environmental Economics and Management 5, 1: 63-80.

35



Dwyer, John F. 1994. Customer diversity and the future demand for outdoor recreation. General Technical
Report RM-252. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain For-
est and Range Experiment Station.

Dwyer, John F. 1995. Forecasting outdoor recreation participation: A cohort-component projection model
for Illinois residents. Gen. Tech. Rep. NE-198. Radnor, PA: U.S. Department of Agriculture, Forest Ser-
vice, Northeastern Forest Experiment Station. pp. 172-176.

Dwyer, John F. and Allan Marsinko. 1998. Trends in participation rates for wildlife-associated outdoor rec-
reation activities by age and race/ethnicity: Implications for cohort-component projection models. Gen.
Tech. Rep. NE-241. Radnor, PA: U.S. Department of Agriculture, Forest Service, Northeastern Forest
Experiment Station. pp. 252-256.

English, Donald B.K. and Amy Home. 1996. Estimating recreation visitation response to forest management
alternatives in the Columbia River Basin. Journal of Applied Recreation Research 21, 4: 313-334.

Farrell, Lisa and Michael A. Shields. 2002. Investigating the economic and demographic determinants of
sporting participation in England. Journal of the Royal Statistical Society: Series A (Statistics in Society)
165, 2: 335-348.

Floyd, Myron F., Lorraine Nicholas, Inaja Lee, Jin-Hyung Lee, and David Scott. 2006. Social stratification
in recreational fishing participation: Research and policy implications. Leisure Sciences 28, 4: 351-368.

Garber-Yonts, Brian E. 2005. Conceptualizing and measuring demand for recreation on national forests: A
review and synthesis. Gen. Tech. Rep. PNW-GTR-645. Portland, OR: U.S. Department of Agriculture,
Forest Service, Pacific Northwest Research Station.

Grossman, Michael. 1972 On the concept of health capital and the demand for health. Journal of Political
Economy 80, 2:223-255.

Grossman, Michael. 2006. Education and nonmarket outcomes. In Handbook of the Economics of Educa-
tion, Vol. 1, Eds. Eric A. Hanushek and Finis Welch. Oxford, UK: Elsevier.

Guterbock, Tom, James Ellis, Deborah Rexrode, Peter Furia, Jaecsook Lee, and David Shreve. 2011. 2011
Virginia outdoors survey. Report Prepared for Virginia Department of Conservation and Recreation. De-
cember.

Havitz, Mark E. 1989. An analysis of preferences for commercial-sector and public-sector alternatives for
two recreation activities. Leisure Sciences 11, 3: 229-243.

Hay, Michael J. and Kenneth E. McConnell. 1979. An analysis of participation in nonconsumptive wildlife
recreation. Land Economics 55, 4: 460-471.

Humphreys, Brad R. and Jane E. Ruseski. 2011. An economic analysis of participation and time spent in
physical activity. The B.E. Journal of Economic Analysis & Policy 11, 1: Article 47.

Humphreys, Brad R. and Jane E. Ruseski. 2007. Participation in physical activity and government spending
on parks and recreation. Contemporary Economic Policy 25, 4: 538-552.

36



Hunt, Len M., Rob Kushneriuk, and Nigel Lester. 2007. Linking agent-based and choice models to study
outdoor recreation behaviors: A case of the landscape fisheries model in northern Ontario, Canada. Forest
Snow and Landscape Research 81, 1/2: 163-174.

Johnson, Cassandra Y., J. M. Bowker, and H. Ken Cordell. 2001. Outdoor recreation constraints: An exami-
nation of race, gender, and rural dwelling. Southern Rural Sociology 17, 1: 111-133.

Johnson, Cassandra, J. M. Bowker, John C. Bergstrom, and H. Ken Cordell. 2004. Wilderness values in
America: Does immigrant status or ethnicity matter? Society and Natural Resources 17, 7: 611-628.

Kelly, John. 1980. Outdoor recreation participation: A comparative analysis. Leisure Sciences 3,2: 129-154.

Kelly, Tim. 2005. Ten year forecasts of Minnesota adult outdoor recreation participation, 2004 to 2014.
Minnesota Department of Natural Resources.

Killingsworth, Mark R. 1983. Labor Supply. Cambridge: Cambridge University Press

Lancaster, Roger A. (Ed.). 1983. Recreation, Park, and Open Space Standards and Guidelines. Ashburn, VA:
National Recreation and Park Association.

Lee, Ronald and Andrew Mason. 2011. National transfer accounts methodology. (Section 2.2. Estimating
Economic Lifecycle). http://www.ntaccounts.org/web/nta/show/Documents/Methods

Li, Chieh-Lu, Harry C. Zinn, Susan C. Barro, and Michael J. Manfredo. 2003. A cross-regional comparison
of recreation patterns of older hunters. Leisure Sciences 25, 1: 1-16.

Lovingood, Paul E., Jr. and Lisle S. Mitchell. 1978. The structure of public and private recreational systems:
Columbia, South Carolina. Journal of Leisure Research 10, 1: 21-36.

Maggi, Elena, Fabrizio Stupino, and Franco Lorenzo Fredella. 2011. A multi-agent simulation approach to
sustainability in tourism development. 51st European Congress of the Regional Science Association Inter-
national. Barcelona, Spain, August 30-September 3.

McConnell, Kenneth E. 1985. The economics of outdoor recreation. In Handbook of natural Resource and
Energy Economics, Vol. 2, Eds. A. V. Kneese and J. L. Sweeney. Elsevier Science.

Mertes, James D. and James R. Hall. 1996. Park, recreation, open space and greenway guidelines. Ashburn,
VA: National Recreation and Park Association.

Miller, Jon R. and Michael J. Hay. 1981. Determinants of hunter participation: duck hunting in the
Mississippi flyway. American Journal of Agricultural Economics 63, 4: 677-684.

Mittleider, John F., Harvey G. Vreugdenhil, Delmer L. Helgeson, and Donald F. Scott. 1980. Projections
of future participation in outdoor recreation for North Dakota, 1978 to 1994. Department of Agricultural
Economics, North Dakota State University. Fargo, ND.

Munley, Vincent G. and V. Kerry Smith. 1976. Learning-by-doing and experience: The case of whitewater
recreation. Land Economics 52, 4: 545-553.

37



38

Murdock, Steve H., Kenneth Backman, Edli Colberg, Nazrul Hoque, and Rita R. Hamm. 1990. Modeling
demographic change and characteristics in the analysis of future demand for leisure services. Leisure Sci-
ences 12, 1: 79-102.

Smirnov, Oleg A. and Kevin J. Egan. 2012. Spatial random utility model with an application to recreation
demand. Economic Modelling 29, 1: 72-78.

Smith, Laron, Richard Beckman, Keith Baggerly, Doug Anson, and Michael Williams. 1995. TRANSIMS:
Transportation Analysis and Simulation System. Los Alamos, NM: Los Alamos National Laboratory.

Termansen, Mette, Marianne Zandersen, and Colin J. McClean. 2008. Spatial substitution patterns in forest
recreation. Regional Science and Urban Economics 38, 1: 81-97.

Van Middelkoop, Manon. 2001. MERLIN: A decision support system for outdoor leisure planning: De-
velopment and test of a rule-based microsimulation model for the evaluation of alternative scenarios and
planning options. Eindhoven University of Technology, the Netherlands.

Virginia Department of Conservation and Recreation. 2007. Virginia outdoors plan: Charting the course for
Virginia's Outdoors. http://www.dcr.virginia.gov/recreational planning/vop.shtml

Virginia Employment Commission. 2011. 2020-2030 population projections. http://www.alex.vec.virginia.
gov/lmi/data/population/

Waddell, Paul. 2002. UrbanSim: Modeling urban development for land use, transportation and environmen-
tal planning. Journal of the American Planning Association 68, 3: 297-314.

Walsh, Richard G., Kun H. John, John R. McKean, and John G. Hof. 1992. Effect of price on forecasts of
participation in fish and wildlife recreation: An aggregate demand model. Journal of Leisure Research 24,
2: 140-156.

White, Terrence H. 1975. The relative importance of education and income as predictors in outdoor recre-
ation participation. Journal of Leisure Research 7,3: 191-199.



APPENDIX A.1 2011 VIRGINIA OUTDOORS SURVEY






'\'x ITY
“\IL

m CF‘NTFR for SURVEY RESEARCH

Virginia Department of Conservation & Recreation

2011 VIRGINIA OUTDOORS SURVEY

Purpose of the Survey:

We want to identify the types of outdoor recreational activities in which Virginians participate. Even
if you don’t get outdoors for recreation often — or at all — it is very important that we hear from your
household to get a complete picture of all Virginians.

What do we mean by outdoor recreation?

Outdoor recreation includes a wide variety of things people do outside, including simple things like
walking for pleasure, using a playground, or going for a swim. We are also interested in learning
about your visits to historic sites, campgrounds, and other open spaces.

General Instructions:

1. Circle the number of your response to the question or check the box or boxes that apply. Skip
activities and items that do not pertain to you or others in your household. The last few
questions provide classification information needed for all households, even those
households where no one participates in outdoor recreation.

2. When you finish answering the questions, put your survey in the envelope provided, and drop
it in any mailbox. No postage is required.

Who can participate?
1. An adult who is 18 or older must complete this questionnaire.
2. The person should be the one who is best qualified to report on the recreational activities in
which all people living in your household participated during the last 12 months.

It’s fast and easy.
1. It should only take 20-25 minutes for most people to complete.
2. There are no right or wrong answers.
3. You can stop and come back to a question later if you need to.

Completely confidential.
1. Your answers are completely confidential.
2. Your name or contact information will not be linked to your survey responses and will only
be used to contact you for this survey.

For additional information contact:
1. Deborah Rexrode, Project Manager at the Center for Survey Research at dlr3r@virginia.edu
or 434-243-1088
2. Janit Llewellyn, Department of Conservation and Recreation, at 804-786-0887 or
Janit.Llewellyn@dcr.virginia.gov.

THANK YOU FOR PARTICIPATING!
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DEPARTMENT OF CONSERVATION AND RECREATION

Access to Outdoor Recreation

As you answer the following questions, think about all the recreational areas that you and your household use.
This includes both private and public areas. We are also interested in the recreational areas in your
community, housing association, and neighborhood. When you think about participation, include activities
that you may have done by yourself and activities that you did with others. We are also interested in activities
that your child(ren) may have done on school trips. When asked for numbers, please give us your best
estimate.

Al. In general, how important is it to you and any other persons living in your household to have access
to outdoor recreation opportunities? (Circle one number)

1 Not important

2 Important

3 Very important

A2. In general, when do you and others in your household most often participate in outdoor recreation
activities? (Circle one number)

1 Mostly on weekends

2 Mostly during the week

3 About equally on weekends and during the week

A3. How do you usually find out about outdoor recreation information and opportunities?
(Check all that apply)

1 Internet

2 Travel guides, pamphlets, and brochures

3 Magazine and newspaper articles

4 Advertisements

5 Word of mouth

6 Other (specify)

oo00O0o0o

Ad4. Which of the following types of technology do you use in connection with your outdoor recreation
activities? (Check all that apply)

1 Internet

Social media (Facebook, Twitter, etc.)

Smart Phone (iPhone, Blackberry, etc.)

GPS (Global Positioning System) or personal locator beacons

Remote cameras, trail cameras, web cams

Google Earth, satellite imagery, or digital mapping

Other (specify)

O00000DO
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AS. Did you (or anyone else in your household) visit any HISTORIC SITES in the last 12 months?

1 No (CONTINUE TO QUESTION A6)
2 Yes

Answer the following questions to the best of your knowledge.

ASa. How many days did one or more persons from your household visit historic sites?
Total days in the last 12 months
ASb. How many persons from your household, including yourself, visited historic sites on
a typical visit?
Persons
ASc. Were most of the historic sites in Virginia?
1 No
2 Yes
AS5d. Were most of the historic sites at mostly public or mostly privately owned places?

1 Public
2 Private
3 Don’t know

ASe. On average, what was your travel time to visit historic sites? (Estimate to the nearest
Y hour)

Hours




DEPARTMENT OF CONSERVATION AND RECREATION

Natural Areas, Preserves, and Refuges
Natural areas, preserves, or refuges are places that are maintained primarily in
a natural condition with minimal public facilities. Examples are state natural
area preserves, state wildlife management areas, and national wildlife refuges.

A6. Did you (or anyone else in your household) visit a NATURAL AREA, PRESERVE, OR REFUGE
in the last 12 months?

1 No (CONTINUE TO QUESTION A7)

2 Yes

Aé6a. How many days did someone from your household visit a natural area, preserve, or
refuge?

Total days in the last 12 months
A6b. How many persons from your household, including yourself, visited a natural area,
preserve, or refuge on a typical trip?

Persons

A6c. Were most of the natural areas, preserves, or refuges in Virginia?

1 No
2 Yes

A6d. Did you and your household members mostly visit publicly owned natural areas,

preserves, or refuges, or were most privately owned?

1 Public
2 Private
3 Don’t know

Ao6e. On average, what was your travel time to visit a natural area, preserve, or refuge?
(Estimate to the nearest % hour)

Hours
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A7. Did you (or anyone else in your household) go CAMPING in the last 12 months?

1 No (SKIP TO QUESTION AS)
2 Yes

- A7a. How many days did one or more persons from your household go CAMPING?
Total days in the last 12 months

| A7b. How many persons from your household, including yourself, went camping on a
.~ typical trip?

Persons

A7c. Did you and your household members CAMP mostly in Virginia?
1 Yes
2 No

. A7d. Did you and your household members CAMP at mostly public or mostly privately
- owned places?

1 Public
2 Private
3 Don’t know

AT7e. IF MOSTLY PUBLIC: What kind of public camp did you use?
1 Federal

2 State

3 Local

4 Don’t know

AT7f. What is the average travel time from home to where you went CAMPING? (Estimate
to the nearest % hour)

Hours

A7g. What type of camping equipment did you and your household members use most
often in the past year? (Circle only one answer)

Tent

Pop-up tent trailer

Travel trailer
Motor home
Other (specify)

L N U R S R

A7h. Which kind of campsite do you and members of your household generally prefer?

1 Backpacking/Walk-in sites with a parking pad

2 Backpacking/Walk-in sites without a parking pad
3 Drive-in Campground with a parking pad

4 Drive-in Campground without a parking pad

5 Other (specify)

A7i. Do you prefer to camp in a publicly owned campground (such as in a state or
national park or forest), in a privately owned campground, or have no preference
between publicly and privately owned campgrounds?

1 Publicly owned campgrounds

2 Privately owned campgrounds

3 No preference between publicly and privately owned campgrounds
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DEPARTMENT OF CONSERVATION AND RECREATION

A8. (Skip this question if you never go camping or if you only use backpacking/walk-in sites.) How

important are each of the following amenities to you and your family members, when camping at a
drive-in campground in Virginia state parks and other public campgrounds? (Circle one number in
each row.)
AMENITIES IMPORTANCE
Not important Important Very important

a. Sewer hookups 1 2 3

b. Electric/water hookups 1 2 3

c. Flush toilets 1 2 3

d. Showers 1 2 3

e. Paved roads 1 2 3

f. Camp store 1 2 3

g. Restaurant 1 2 3

h. Security patrol 1 2 3

i. Other (specify) 1 2 3

The next three questions are for all respondents.

A9. Although privately owned campgrounds may be available in the vicinity, should public
campgrounds be developed in Virginia’s state parks?

1 No
2 Ye
3 Do

A10. Pleas

S
n’t know

e indicate which of the following outdoor RECREATION OPPORTUNITIES, if any, you feel

are MOST NEEDED in Virginia. (Check all that apply.)

1

0 1N N KW

9

10
11
12
13
14

o0oo0o00oo0o0o0ooo

Access to historic areas

Access to natural areas

Outdoor playing courts for tennis and basketball

Playing fields for outdoor sports such as softball, baseball, football, and soccer
Public access to state waters for fishing, swimming, and beach use

Public access to state waters for non-motorized boating such as canoeing or kayaking
Public access to state waters for motorized boating

Public pools

Trails for bicycling

Trails for hiking and walking

Trails for wildlife watching and nature study

Trails for horseback riding

Trails for motorized off road vehicles

Other (specify)

Al1. Do you prefer developed parks with recreational facilities such as ball fields, campgrounds, picnic

areas, and

multi-use trails; or do you prefer natural areas with limited recreational facilities such as

parking, hiking, trails and observation points? (Circle one number.)

1 Developed parks
Natural areas

No
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3 Both developed parks and natural areas equally
4

preference
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B. Virginia’s State Parks

B1. Which of the following do you and members of your household consider to be the top THREE most
important reasons for having the Virginia system of state parks? (Check the top three only.)

1 Conserving natural resources

Providing places for people to explore and enjoy nature and their cultural heritage

Providing large natural areas which offer recreation opportunities

Providing places for families and friends to spend time together

Providing places for walking, running, and other activities that contribute to a healthy lifestyle
Providing special places for quiet contemplation

Attracting visitors to rural areas and helping the local economy

8 Other (specify)

B2. Which, if any, of the following reasons prevented you or members of your household from using
Virginia state parks in the past year? (Check all that apply)

ooo0ooooo
NS RV NI

1 Lack of information

Too crowded

Lack of desired activities or facilities

Too far away from home/household or no public transportation
Too expensive

Not interested in state parks

Public safety/security concerns

Not enough personal, family time

Other (specify)

O 00 2O L A WIN

B3. What style of lodging would you prefer in state parks? (Circle one number.)
Rustic one room cabin
One bedroom cabin
Two-three bedroom cabin
Six bedroom cabin
Hotel style room
No preference

Other (specify)

Nocusrwnw~—32 0OgO00O0COCOCOCOO

B4. If you were to camp in a state park, what type of campsite would you prefer? (Circle one number.)
1 Campsite with water/electric hookups
Campsite for tent only
Backcountry pack-in campsite
Water-access campsites (canoe-in, boat-in)
Equestrian camp sites
Never use campsites
7 Other (specify)
BS. Would you feel comfortable swimming at a state park lakefront or river swimming area if lifeguards
were NOT on duty?
1 Yes

2 No
3 Don’t know

AN AW

11

51



DEPARTMENT OF CONSERVATION AND RECREATION

B6. How important is it that Virginia state parks provide each of the following?
(Circle one number in each row.)

AMENITIES IMPORTANCE

Not important Important Very important

a. Cabins 1 2

b. Camping facilities

c. Boating water access

d. Visitor centers

e. Nature programs

f. Cultural/historic programs

g. School programs

h. Snack bars

i. Boat/canoe/kayak rentals

j- Gifts, souvenirs, camp store

k. Swimming pool

1. Lake/beach swimming

m. Playgrounds

n. Hiking trails

0. Family bicycle trails

p. Horse trails

g. Multiple use trails

r. Hunting

s. Fishing

t. Hotel-style accommodation

[N U U (UNIY (U (NS NI NI, VIS VNS VRN, VRN ORI U (U ORI [N U U, U

u. Golf courses

v. Places for weddings, receptions,
and meetings

w. WiFi and/or cell phone coverage 1

NN DN N[NNI N[NNI
W[ W [WW|W|W[W[IW[W[W|W| W[ W[W[IW| W W W W[W[W|w|w

x. Other (specify) 1

B7. In general, is it ACCEPTABLE to you and other members of your household for state parks to charge
additional FEES for the following? (Circle one number in each row.)

AMENITIES ACCEPTANCE

Not acceptable Acceptable

a. Entrance/parking 2

b. Swimming facilities

c¢. Boat launch

d. Nature programs

e. Picnic shelter reservations

f. Special events

g. Camping

h. Cabins

I e R I
NN

i. Wedding and meeting facilities
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C. Protection of Virginia’s natural areas and open space resources

C1. Should the state spend public funds to acquire land to prevent the loss of natural areas and open
spaces?

1 No

2 Yes

3 Don’t know

C2. How important do you feel it is to protect Virginia’s natural and open space resources?
1 Very important
2 Important

3 Not important

4 Don’t know
C3. Do you feel that Virginia’s natural and open space resources are adequately protected?

1 No

2 Yes

3 Don’t know
C4. In your opinion, when spending public monies to protect Virginia’s natural areas and open space
resources from development, which protection strategy is the best? (Please circle one number.)

1 Purchase of easements that reduce development rights but leave the land in private ownership with no

public use.

2 Purchase of easements that reduce development rights but leave the land in private ownership with some
public use allowed.

3 Outright purchase from willing sellers of the property, and then management as a natural area or park for

public use.
4 Other (specify)

ABOUT VIRGINIA’S NATURAL AREA PRESERVES

Virginia has a Natural Area Preserve System of lands
designed to protect and provide public access to the most
intact natural places (old growth forests, pristine wetlands,
coastal dunes and beaches, native grasslands, etc.) and
to maintain habitats for rare and endangered species

C5. Have you heard of Virginia’s Natural Area Preserve System before now?
1 No
2 Yes
3 Don’t know

C6. How familiar are you with Virginia’s Natural Area Preserve System?
1 Very familiar
2 Somewhat familiar
3 Not familiar at all

C7. How important is it to you for Virginia to have a state Natural Area Preserve System?

1 Very important

2 Somewhat important

3 Not important at all

4 Don’t know about Virginia’s Natural Area Preserve System

13
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DEPARTMENT OF CONSERVATION AND RECREATION

D. General Information

D1. Do you own or rent the home in which you are living?

1 Own
2 Rent

D2. Please write the name of the independent city or county and ZIP code in which your household is
located.

City or County ZIP code

D3. In what year were you born?

D4. For each of the following age categories, how many males and females are in your household (including
yourself)?

Males Females

a. 4 years old or less
b. 5 to 13 years old
c. 14 to 17 years old
d. 18 to 24 years old
e. 25 to 39 years old
f. 40 to 64 years old
g. 65 years and older

DS5. Do you consider yourself to be of Hispanic/Latino origin?
1 No
2 Yes

D6. Which of the following best describes your race?

1 White or Caucasian

Black or African American

Native American/American Indian
Asian/Pacific Islander

Other (specify)

wn bW N

D7. What is your gender?

1 Female
2 Male

D8. Which of the following income categories most closely describes your total household income in 2010

before taxes, including wages and all other income?
1 Less than $10,000

$10,000 - $24,999

$25,000 - $49,999

$50,000 - $74,999

$75,000 - $99,999

$100,000-$149,999

$150,000-$199,999

$200,000 or more

Prefer not to answer

O 0 3 N L AW
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D9. If you have additional comments or suggestions, please write them in the space below.

Thank you for taking the time to complete the questionnaire!

Your contributions to this effort are greatly appreciated.

15
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APPENDIX A.2 SUMMARY STATISTICS ON TRAVEL TIME BY ACTIVITY

Activity N Mean Median Maximum Minimum
Camping, primitive 468 4.4 2 135 0
Camping, developed 307 3.6 2 96 0
Walking for pleasure 2,372 0.8 0.25 144 0
Jogging/running 679 0.7 0.25 325 0
Hiking/backpacking 687 2.7 1 300 0
Fitness Trail 277 1.2 0.25 40 0
Horseback riding 194 4.2 1 200 0
Using a playground 823 1.5 0.25 200 0
Softball 237 22 0.5 250 0.25
Baseball 173 25 0.25 90 0.15
Soccer 275 4.3 0.5 40 0
Basketball 289 21 0.25 65 0
Football 179 1.3 0.25 60 0
Volleyball 136 1.5 0.5 70 0
Tennis 215 1.3 0.25 150 0
Golf 461 22 0.5 280 0
Freshwater fishing 930 2.2 1 80 0
Saltwater fishing 405 3.4 2 100 0
Sunbathing/relaxing on the beach 1,182 4.4 3 200 0
Jet ski/personal watercraft 172 4.2 2 64 0
Power boating 343 4.2 15 300 0
Sailing/sail boarding 89 12.4 1 48 0
Canoeing/kayaking/rowing 481 25 1 100 0
Water skiing or towed on water 135 2.8 1.25 35 0
Rafting 94 25 1.5 48 0.25
Tubing on water 278 1.9 1 96 0
Swimming/pool 1,191 1.7 0.25 100 0
Swimming/beach 1,028 4.2 3 450 0
Off-road/multi-use bicycling 332 1.6 0.25 250 0
Single track bicycling 215 2.5 0.5 135 0
Driving 4-wheel off road 196 3.8 2 150 0
Driving motorcycle off road 62 6.4 15 48 0
Driving motorcycle, ATV, or UTV off road 200 5.2 1 250 0
Skateboarding 100 1.0 0.25 50 0
In-line skating 67 1.2 0.5 20 0
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Appendix A.2: Summary Statistics on Travel Time by Activity (continued)

Activity N Mean Median Maximum Minimum
Hunting 504 9.9 1 500 0
Picnicking away from home 825 1.6 1 72 0
Nature study/Nature programs 284 2.2 1 200 0
Visiting gardens/arboretums 671 1.8 0.75 48 0
Bird watching away from home 174 2.2 1 60 0
Visiting natural preserves 534 24 1 50 0
Visiting parks 1,403 2.6 1 250 0.15
Visiting historic areas 1,230 2.8 1 172 0.25
Geocaching or letterboxing 64 4.2 0.75 60 0
Downhill skiing/snow boarding 251 3.7 3 50 0
Cross country, snowshoeing 47 3.1 2 20 0
Snow sledding/tubing 288 2.2 0.75 60 0
Ice skating 73 15 0.5 15 0.25




APPENDIX A.3 LOGIT REGRESSION RESULTS FOR HOUSEHOLD RECRE-
ATION ACTIVITY PARTICIPATION

(1 2 @) (4) ®)

VARIABLES Prim Camping Dev Camping Walking Jog/run Hiking
AGE 0.0900*** 0.0778* -0.0712*** 0.0865***
(0.0299) (0.0322) (0.00446) (0.0259)
AGE2 -0.00142*** -0.000642** -0.00021*** -0.00132***
(0.000319) (0.000294) (3.62e-05) (0.000267)
MALE 0.232* -0.358*** 0.339***
(0.127) (0.115) (0.113)
ASIAN -0.681*
(0.399)
BLACK -1.627** -2.027** -1.913*
(0.354) (0.591) (0.354)
HISPANIC -0.947***
(0.363)
OTHER
KIDS 0.517***
(0.176)
HH_SIZE 0.191*** 0.101** 0.0747** 0.0602*
(0.0344) (0.0425) (0.0338) (0.0334)
INC25_50K 0.463***
(0.172)
INC50_75K 0.588*** 0.364** 0.326**
(0.178) (0.165) (0.149)
INC75_100K 0.794*** 0.661*** 0.401**
(0.206) (0.180) (0.171)
INC100KPLUS 1.049*** 1.146*** 0.725%**
(0.191) (0.152) (0.149)
HOUSE -0.306*
(0.170)
PURBAN -0.0113*** 0.00616*** 0.00379**
(0.00210) (0.00194) (0.00185)
MOUNTAIN 0.331** 0.332**
(0.149) (0.143)
CHESAPEAKE -0.688* -0.563*
(0.371) (0.328)
URBAN -0.247* 0.285** -0.454**
(0.127) (0.141) (0.166)
Constant -2.730*** -3.990*** 1.665** 1.124%* -2.468***
(0.672) (0.886) (0.226) (0.276) (0.618)
Observations 2,144 2,103 2,144 2,144 2,144
Pseudo R2 0.123 0.0576 0.0617 0.208 0.133

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.3 Logit Regression Results for Household Recreation Activity Participation (continued)

(6)

@)

(8)

)

(10)

VARIABLES Fitness Trail Horse Ride Playground Softball Baseball
AGE 0.164***
(0.0597)
AGE2 -0.00022*** -0.000160** -0.00022*** -0.00028*** -0.00188***
(4.99e-05) (6.91e-05) (4.11e-05) (5.60e-05) (0.000637)
MALE -0.547***
(0.119)
ASIAN
BLACK -1.445*
(0.593)
HISPANIC
OTHER
KIDS 0.531*** 1.672%** 1.651***
(0.200) (0.145) (0.284)
HH_SIZE 0.111** 0.148*** 0.216*** 0.129***
(0.0366) (0.0423) (0.0396) (0.0490)
INC25_50K
INC50_75K
INC75_100K -0.492**
(0.235)
INC100KPLUS 0.618***
(0.192)
HOUSE
PURBAN 0.00547*** -0.0127***
(0.00203) (0.00258)
MOUNTAIN
CHESAPEAKE -1.638**
(0.727)
URBAN -0.377**
(0.166)
Constant -2.169*** -1.825*** -1.162*** -2.115%** -7.325***
(0.248) (0.292) (0.173) (0.226) (1.364)
Observations 2,144 2,144 2,144 2,144 2,083
Pseudo R2 0.0353 0.0697 0.217 0.0580 0.162

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.3 Logit Regression Results for Household Recreation Activity Participation (continued)

(11

(12) (13) (14)

(15)

VARIABLES Soccer Basketball Football Volleyball Tennis
AGE -0.0262** 0.0679*
(0.00712) (0.0373)
AGE2 0.000344*** -0.00030*** -0.00034*** -0.000901**
(6.71e-05) (6.54e-05) (8.56e-05) (0.000377)
MALE
ASIAN 1.091***
(0.381)
BLACK -1.322%* 1.653*** 1.071** 1.154**
(0.381) (0.215) (0.253) (0.259)
HISPANIC 1.025***
(0.354)
OTHER -1.786*
(1.014)
KIDS 1.338*** 0.964*** 0.936***
(0.202) (0.196) (0.242)
HH_SIZE 0.169*** 0.233*** 0.196*** 0.232***
(0.0476) (0.0479) (0.0473) (0.0442)
INC25_50K -0.594**
(0.282)
INC50_75K 0.453**
(0.223)
INC75_100K
INC100KPLUS 0.395**
(0.172)
HOUSE
PURBAN 0.00356* -0.00926*** 0.00851***
(0.00215) (0.00278) (0.00245)
MOUNTAIN -0.328* 0.572***
(0.176) (0.174)
CHESAPEAKE
URBAN
Constant -2.538*** -3.160*** -3.077*** -2.156*** -4.005***
(0.292) (0.267) (0.293) (0.442) (0.910)
Observations 2,144 2,144 2,144 2,144 2,144
Pseudo R2 0.178 0.178 0.140 0.0922 0.0464

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.3 Logit Regression Results for Household Recreation Activity Participation (continued)

(16) (17) (18) (19) (20)

VARIABLES Golf Fresh Fish Salt Fish Sunbathing Jet Ski
AGE 0.0856*** 0.0544* -0.0407**
(0.0208) (0.0282) (0.00720)
AGE2 -0.00094*** -0.000589** -0.00031***
(0.000199) (0.000270) (3.23-05)
MALE 0.466*** 0.549*** 0.398*** -0.194** 0.374*
(0.120) (0.102) (0.131) (0.0986) (0.196)
ASIAN 1.327%%
(0.371)
BLACK -0.570* -0.404** -0.430* -1.548%* -1.453*
(0.276) (0.189) (0.260) (0.210) (0.724)
HISPANIC -0.951** -0.842*
(0.481) (0.366)
OTHER 0.711*
(0.290)
KIDS
HH_SIZE 0.0824** 0.257*** 0.136*** 0.0714* 0.114*
(0.0335) (0.0347) (0.0345) (0.0296) (0.0478)
INC25_50K 0.652** 0.481**
(0.277) (0.169)
INC50_75K 1.076%* 0.543*** 0.823**
(0.264) (0.175) (0.164)
INC75_100K 1.449%+ 0.467* 0.804**
(0.269) (0.197) (0.179)
INC100KPLUS 1.629** 0.348* 1.069** 0.777**
(0.254) (0.180) (0.165) (0.201)
HOUSE 0.958***
(0.329)
PURBAN 0.00294* -0.0112%* -0.00719***
(0.00169) (0.00167) (0.00227)
MOUNTAIN 0.239* -0.279***
(0.128) (0.107)
CHESAPEAKE -1.037%* 1.106** 0.373*
(0.255) (0.236) (0.211)
URBAN -0.278* 0.615*** -0.402*
(0.149) (0.169) (0.205)
Constant -3.259** -2.607** -3.654** 0.0592 2.134%+
(0.272) (0.547) (0.722) (0.198) (0.436)
Observations 2,144 2,144 2,144 2,144 2,144
Pseudo R2 0.0649 0.101 0.0536 0.108 0.0885

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.3 Logit Regression Results for Household Recreation Activity Participation (con-

tinued)
(21) (22) (23) (24) (25)
VARIABLES Power Boat Sailing Canoeing Waterski Rafting
AGE -0.0204**
(0.00911)
AGE2 -0.00013*** -0.00024*** -0.00043*** -0.00030***
(4.75e-05) (4.15e-05) (8.49e-05) (8.75e-05)
MALE 0.392*** 0.220*
(0.142) (0.121)
ASIAN
BLACK -1.604*** -1.861* -3.035%* -1.514* -1.872¢
(0.468) (1.017) (0.716) (0.727) (1.015)
HISPANIC -2.146**
(1.015)
OTHER
KIDS -0.531*
(0.315)
HH_SIZE 0.109*** 0.0603* 0.132*** 0.196***
(0.0367) (0.0348) (0.0499) (0.0487)
INC25_50K 0.621** 0.521**
(0.308) (0.238)
INC50_75K 1.066*** 0.970*** 0.544** 0.747** 1.659**
(0.292) (0.348) (0.232) (0.316) (0.394)
INC75_100K 1.006*** 0.905*** 0.729** 1.555%*
(0.309) (0.240) (0.347) (0.423)
INC100KPLUS 1.229** 1.190** 1.076*** 0.703** 1.187**
(0.289) (0.324) (0.223) (0.317) (0.403)
HOUSE 0.654*
(0.355)
PURBAN -0.00489** -0.00399** -0.00693**
(0.00204) (0.00171) (0.00353)
MOUNTAIN -1.348***
(0.441)
CHESAPEAKE 1.044%* 1.056*** 0.502**
(0.250) (0.395) (0.251)
URBAN 0.497*
(0.262)
Constant -2.702%** -2.693*** -1.479%** -3.041*** -4.135***
(0.343) (0.551) (0.273) (0.458) (0.461)
Observations 2,144 2,103 2,144 2,042 2,144
Pseudo R2 0.0729 0.0941 0.0783 0.0928 0.0964

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1



Appendix A.3 Logit Regression Results for Household Recreation Activity Participation (continued)

(26) (27) (28) (29) (30)
VARIABLES Tubing Swim Pool Swim Beach Bike Multi Bike Single
AGE -0.0303*** 0.188***
(0.00352) (0.0365)
AGE2 -0.00032*** -0.00029*** -0.00223*** -0.00015***
(5.48e-05) (3.27e-05) (0.000379) (5.49e-05)
MALE -0.319* -0.457** -0.169* 0.392***
(0.160) (0.103) (0.0991) (0.138)
ASIAN -1.714* 0.831**
(1.024) (0.412)
BLACK -1.176** -0.487** -0.541%* -1.014*
(0.431) (0.179) (0.180) (0.322)
HISPANIC -1.472* 0.505*
(0.731) (0.288)
OTHER
KIDS 1.135%*
(0.138)
HH_SIZE 0.121*** 0.0926** 0.142*** 0.0996*** 0.109***
(0.0382) (0.0386) (0.0305) (0.0361) (0.0399)
INC25_50K 0.435***
(0.168)
INC50_75K 0.700*** 0.476*** 0.676*** 0.454*
(0.200) (0.133) (0.164) (0.226)
INC75_100K 0.781** 0.369** 0.676™** 0.505**
(0.224) (0.152) (0.178) (0.251)
INC100KPLUS 0.661*** 0.552*** 0.694*** 0.605***
(0.208) (0.129) (0.161) (0.210)
HOUSE
PURBAN -0.00421**
(0.00206)
MOUNTAIN 0.550"**
(0.154)
CHESAPEAKE
URBAN
Constant -1.852*** 0.588*** -0.495** -5.733*** -2.721%*
(0.286) (0.225) (0.192) (0.850) (0.264)
Observations 2,144 2,144 2,144 2,144 2,144
Pseudo R2 0.0904 0.158 0.0770 0.0720 0.0298

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.3 Logit Regression Results for Household Recreation Activity Participation (continued)

@31 (32) (33) (34) (35)
VARIABLES Four Wheel Motorcycle ATV/UTV Skateboard Inline Skate
AGE 0.0857** 0.167** 0.232*
(0.0433) (0.0785) (0.101)
AGE2 -0.00026*** -0.00048*** -0.00127*** -0.00198** -0.00292***
(5.99e-05) (0.000117) (0.000439) (0.000862) (0.00111)
MALE 0.656*** 1.179*** 0.713*** -0.558*
(0.179) (0.320) (0.178) (0.286)
ASIAN 1.169*
(0.640)
BLACK -0.741* -2.001*** 1.102**
(0.383) (0.733) (0.401)
HISPANIC
OTHER
KIDS 1.726**
(0.370)
HH_SIZE 0.139*** 0.161*** 0.142*
(0.0398) (0.0412) (0.0577)
INC25_50K
INC50_75K 0.996***
(0.385)
INC75_100K -0.538**
(0.274)
INC100KPLUS -0.707*** 0.757*
(0.238) (0.388)
HOUSE 0.618**
(0.286)
PURBAN -0.0126*** -0.00895** -0.0194***
(0.00250) (0.00423) (0.00264)
MOUNTAIN 0.336*
(0.176)
CHESAPEAKE
URBAN 0.459*
(0.242)
Constant -1.624** -2.586*** -3.822%** -7.955*** -8.465***
(0.271) (0.403) (1.028) (1.741) (2.227)
Observations 2,090 1,893 2,090 2,144 2,090
Pseudo R2 0.0768 0.0735 0.144 0.176 0.0948

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1



Appendix A.3 Logit Regression Results for Household Recreation Activity Participation (continued)

(36) (37) (38) (39) (40)
VARIABLES Hunting Picnic Nature Study Gardens Bird Watch
AGE 0.0533** 0.0380** 0.0941** 0.0502** 0.0874**
(0.0260) (0.0193) (0.0344) (0.0223) (0.0379)
AGE2 -0.00068*** -0.00048*** -0.00087*** -0.00045** -0.000782**
(0.000251) (0.000185) (0.000327) (0.000210) (0.000354)
MALE 0.604*** -0.275*
(0.126) (0.112)
ASIAN 0.587*
(0.326)
BLACK -1.667*** -0.974*** -0.674** -0.916**
(0.367) (0.375) (0.231) (0.425)
HISPANIC -1.156* -1.257*
(0.612) (0.729)
OTHER -0.834*
(0.459)
KIDS 0.401** -0.458***
(0.198) (0.155)
HH_SIZE 0.207*** 0.0955*** 0.113* 0.0873** 0.0924**
(0.0373) (0.0293) (0.0441) (0.0386) (0.0416)
INC25_50K 0.496**
(0.220)
INC50_75K 0.725*** 0.983*** 0.397**
(0.202) (0.209) (0.187)
INC75_100K 0.403* 1.059***
(0.238) (0.222)
INC100KPLUS -0.356** 0.521** 1.165**
(0.154) (0.203) (0.211)
HOUSE
PURBAN -0.0166***
(0.00179)
MOUNTAIN 0.284** 0.388*** -0.391**
(0.127) (0.118) (0.144)
CHESAPEAKE
URBAN -0.332*** 0.249*
(0.120) (0.127)
Constant -2.260*** -1.704** -5.349*** -3.285%** -5.150***
(0.667) (0.494) (0.883) (0.592) (0.990)
Observations 2,144 2,144 2,144 2,144 2,144
Pseudo R2 0.121 0.0290 0.0484 0.0543 0.0190

Standard errors in parentheses
***p<0.01, ** p<0.05, * p<0.1
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Appendix A.3 Logit Regression Results for Household Recreation Activity Participation (continued)

(41) (42) (43) (44) (45)
VARIABLES Nature Pres. Park Historic Site Geocaching Snow ski
AGE 0.111%** 0.0472*
(0.0263) (0.0187)
AGE2 -0.00112*** -0.00023*** -0.00046*** -0.00047*** -0.00044***
(0.000253) (2.94e-05) (0.000175) (0.000109) (6.56e-05)
MALE 0.506*
(0.279)
ASIAN -0.605* -0.741*
(0.328) (0.343)
BLACK -1.074** -0.642*** -1.046** -2.024**
(0.267) (0.164) (0.188) (0.723)
HISPANIC
OTHER
KIDS
HH_SIZE 0.0874*** 0.104*** 0.0713** 0.115*
(0.0321) (0.0305) (0.0295) (0.0464)
INC25_50K 0.593*** 0.464*** 0.908***
(0.226) (0.150) (0.168)
INC50_75K 0.845*** 0.596*** 1.270*** 1.064***
(0.222) (0.149) (0.169) (0.276)
INC75_100K 0.619** 0.568*** 1.162** 1.008***
(0.245) (0.164) (0.185) (0.308)
INC100KPLUS 0.970*** 0.628*** 1.417% 1.969**
(0.223) (0.148) (0.175) (0.254)
HOUSE -0.510*** -0.597*** 1.083**
(0.166) (0.141) (0.448)
PURBAN -0.00220* -0.00243* 0.00983***
(0.00126) (0.00131) (0.00281)
MOUNTAIN -0.358*** -0.344**
(0.134) (0.103)
CHESAPEAKE 0.860***
(0.221)
URBAN -0.466**
(0.198)
Constant -4.333*** 0.187 -1.757** -3.540*** -3.018***
(0.659) (0.195) (0.493) (0.450) (0.355)
Observations 2,144 2,144 2,144 2,144 2,144
Pseudo R2 0.0543 0.0525 0.0607 0.0481 0.158

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.3 Logit Regression Results for Household Recreation Activity Participation (continued)

(46) (47) (48)
VARIABLES Cross Country Sledding Ice Skate
AGE 0.260** 0.0978**
(0.124) (0.0410)
AGE2 -0.00284* -0.00134*** -0.00048***
(0.00126) (0.000440) (0.000123)
MALE -0.428**
(0.171)
ASIAN
BLACK -1.013***
(0.385)
HISPANIC
OTHER -1.033*
(0.611)
KIDS 0.970** 0.751***
(0.200) (0.286)
HH_SIZE -0.392** 0.123***
(0.174) (0.0450)
INC25_50K
INC50_75K 1.536**
(0.675)
INC75_100K 1.499** 0.435**
(0.720) (0.211)
INC100KPLUS 1.507** 0.382**
(0.668) (0.190)
HOUSE
PURBAN
MOUNTAIN 0.339*
(0.193)
CHESAPEAKE -1.135*
(0.615)
URBAN -0.365*
(0.201)
Constant -9.713*** -4.250*** -2.704**
(2.961) (0.917) (0.355)
Observations 1,814 2,144 2,030
Pseudo R2 0.0715 0.161 0.0754
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Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1



Table A.4 Marginal Change (dy/dx) Results for Household Recreation
Activity Participation

(1) ) ®) (4) ®)

VARIABLES Prim Camping Dev Camping Walking Jog/run Hiking
AGE 0.00981*** 0.00607** -0.01048*** 0.01387***
AGE2 -0.00015*** -0.00005** -0.00030*** -0.00021***
MALE 0.0579* -0.05359*** 0.05560***
ASIAN -0.08872**
BLACK -0.10978*** -.08619*** -0.18721**
HISPANIC -0.11389***
OTHER

KIDS 0.04410***

HH_SIZE 0.02078*** 0.01472** 0.010992** 0.00965*
INC25_50K 0.06198***

INC50_75K 0.07730*** 0.05712** 0.055201**
INC75_100K 0.09664*** 0.11181*** 0.06973**
INC100KPLUS 0.13025*** 0.19891*** 0.12851***
HOUSE -0.04193*

PURBAN -0.00089*** 0.00091*** 0.00061**
MOUNTAIN 0.02724** 0.05536**
CHESAPEAKE -0.05951** -0.07714*
URBAN -0.02639* 0.04292** -0.07055***
Predicted Participation 0.12448 0.08531 0.82217 0.17943 0.20073

***p<0.01, ** p<0.05, * p<0.1



Table A.4 Marginal Change (dy/dx) Results for Household Recreation Activity Participation (continued)

(6) 7 8) ©) (10)
VARIABLES Fitness Trail Horse Ride Playground Softball Baseball
AGE 0.00459***
AGE2 -0.00002*** -0.00001** -0.00004*** -0.00002*** -0.00005***
MALE -0.09719***
ASIAN
BLACK -0.04335***
HISPANIC
OTHER
KIDS 0.02841** 0.34381*** 0.06792***
HH_SIZE 0.00924*** 0.02713*** 0.01513*** 0.00361***
INC25_50K
INC50_75K
INC75_100K -0.03578*
INC100KPLUS 0.03457***
HOUSE
PURBAN 0.00046*** -0.00062***
MOUNTAIN
CHESAPEAKE -0.04409***
URBAN -0.02547*
Predicted Participation 0.0919 0.05097 0.24167 0.07574 0.0288
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“* n<0.01, ** p<0.05, * p<0.1



Table A.4 Marginal Change (dy/dx) Results for Household Recreation Activity Participation (continued)

(11) (12) (13) (14) (15)
VARIABLES Soccer Basketball Football Volleyball Tennis
AGE -0.00096*** 0.00399*
AGE2 -0.00002*** -0.00002*** -0.00001*** -0.00005**
MALE
ASIAN 0.10167***
BLACK -0.0490*** 0.18089*** 0.05588*** 0.06743***
HISPANIC 0.09478**
OTHER -0.05406*
KIDS 0.10001*** 0.06976*** 0.03844**
HH_SIZE 0.00971*** 0.01407*** 0.00661*** 0.00853***
INC25_50K -0.01728**
INC50_75K 0.01881*
INC75_100K
INC100KPLUS 0.02600**
HOUSE
PURBAN 0.00020* -0.00034*** 0.0005***
MOUNTAIN -0.01785* 0.03823***
CHESAPEAKE
URBAN
Predicted Participation 0.06106 0.06446 0.035 0.03819 0.06266

“* n<0.01, ** p<0.05, * p<0.1
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Table A.4 Marginal Change (dy/dx) Results for Household Recreation Activity Participation (continued)

(16) (17) (18) (19) (20)
VARIABLES Golf Fresh Fish Salt Fish Sunbathing Jet Ski
AGE 0.01838™** 0.00612* -0.00164***
AGE2 -0.00020*** -0.000079** -0.00007***
MALE 0.06084*** 0.11977*** 0.04617*** -0.04673** 0.01565*
ASIAN -0.2582***
BLACK -0.0608** -0.08089** -0.04244* -0.29984*** -0.03595***
HISPANIC -0.08674*** -0.15026***
OTHER -0.15713***
KIDS
HH_SIZE 0.01038** 0.05525"** 0.01530*** 0.01730** 0.00459**
INC25_50K 0.09369** 0.11825***
INC50_75K 0.16601*** 0.05834*** 0.20218***
INC75_100K 0.25089*** 0.05931** 0.1982***
INC100KPLUS 0.26601*** 0.04174* 0.26048*** 0.03779***
HOUSE 0.02994***
PURBAN 0.00037* -0.00240*** -0.00081***
MOUNTAIN 0.05214* -0.06681***
CHESAPEAKE -0.17887*** 0.17438*** 0.09220*
URBAN -0.00590* 0.07337*** -0.01555*
Predicted Participation 0.148 0.31218 0.1292 0.41236 0.41974

“* n<0.01, ** p<0.05, * p<0.1
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Table A.4 Marginal Change (dy/dx) Results for Household Recreation Activity Participation (continued)

(21) (22) (23) (24) (25)
VARIABLES Power Boat Sailing Canoeing Waterski Rafting
AGE -0.0038**
AGE2 -0.00001*** -0.00003*** -0.00001*** -0.00001***
MALE 0.03541*** 0.02730*
ASIAN
BLACK -0.08547*+* -0.01864*** -0.16853*** -0.02963*** -0.02248***
HISPANIC -0.08832***
OTHER
KIDS -0.00894*
HH_SIZE 0.00948*** 0.00738* 0.00426*** 0.00434***
INC25_50K 0.06288* 0.07104**
INC50_75K 0.11893*** 0.02391** 0.07404** 0.02978** 0.06202***
INC75_100K 0.11688*** 0.13764** 0.03040* 0.06224***
INC100KPLUS 0.13815** .03061*** 0.15830*** 0.02710* 0.03637***
HOUSE 0.01761**
PURBAN -0.00043** -0.00049** -0.00022**
MOUNTAIN -0.02084***
CHESAPEAKE 0.13130** 0.03163* 0.07175*
URBAN 0.01721*
Predicted Participation 0.09651 0.01864 0.14273 0.03346 0.0227

“* n<0.01, ** p<0.05, * p<0.1
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Table A.4 Marginal Change (dy/dx) Results for Household Recreation Activity Participation (continued)

(26) (27) (28) (29) (30)
VARIABLES Tubing Swim Pool Swim Beach Bike Multi Bike Single
AGE -0.00736*** 0.01637***
AGE2 -0.00002*** -0.00007*** -0.00019*** -0.00001***
MALE -0.02326** -0.10971*** -0.03868* 0.03535***
ASIAN -0.06755*** 0.08033
BLACK -0.05998*** -0.1129*** -0.11522*** -0.06394***
HISPANIC -0.06345*** 0.12207*
OTHER
KIDS 0.27537***
HH_SIZE 0.00903*** 0.02249** 0.03277*** 0.00868*** 0.00751***
INC25_50K 0.10306***
INC50_75K 0.06196*** 0.11720*** 0.16127*** 0.03494*
INC75_100K 0.07378*** 0.09109** 0.16290*** 0.04053*
INC100KPLUS 0.05687*** 0.13583*** 0.16496*** 0.04750**
HOUSE
PURBAN -0.00031**
MOUNTAIN 0.04511***
CHESAPEAKE
URBAN
Predicted Participation 0.08125 0.41558 0.35924 0.09648 0.07436

“* n<0.01, ** p<0.05, * p<0.1
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Table A.4 Marginal Change (dy/dx) Results for Household Recreation Activity Participation (continued)

(31) (32) (33) (34) (35)
VARIABLES Four Wheel Motorcycle ATV/UTV Skateboard Inline Skate
AGE 0.00358** 0.00227** 0.00241**
AGE2 -0.00001*** -0.00001*** -0.00005*** -0.00003*** -0.00003***
MALE 0.03754*** 0.02230*** 0.03236™** -0.00727*
ASIAN 0.02207
BLACK -0.03056** -0.04465*** 0.01860*
HISPANIC
OTHER
KIDS 0.03612"**
HH_SIZE 0.00742*** 0.00675*** 0.001936**
INC25_50K
INC50_75K 0.014091**
INC75_100K -0.02443*
INC100KPLUS -0.03271*** 0.00966
HOUSE 0.02184**
PURBAN -0.00067*** -0.00014** -0.00081***
MOUNTAIN 0.01493*
CHESAPEAKE
URBAN 0.00664*
Predicted Participation 0.05649 0.01646 0.04374 0.01379 0.01051

“* n<0.01, ** p<0.05, * p<0.1
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Table A.4 Marginal Change (dy/dx) Results for Household Recreation Activity Participation (continued)

(36) (37) (38) (39) (40)
VARIABLES Hunting Picnik Nature Study Gardens Bird Watch
AGE 0.006305** 0.007862** 0.09759*** 0.00841** 0.00542**
AGE2 -0.00008*** -0.00009*** -0.00006*** -0.00008** -0.00005**
MALE 0.07490*** -0.0453**
ASIAN 0.13364*
BLACK -0.12191*** -0.05729*** -0.09543*** -0.04174**
HISPANIC -0.09162*** -0.06339***
OTHER -0.07396**
KIDS 0.03455* -0.07285***
HH_SIZE 0.02448*** 0.01977*** 0.00912** 0.01462** 0.00574**
INC25_50K 0.08977**
INC50_75K 0.06949*** 0.18884*** 0.02724*
INC75_100K 0.03663 0.21213***
INC100KPLUS -0.03954** 0.04687** 0.22437***
HOUSE
PURBAN -0.00196***
MOUNTAIN 0.03491** 0.08258*** -0.06265***
CHESAPEAKE
URBAN -0.06755*** 0.04236*
Predicted Participation 0.13711 0.29262 0.08851 0.21282 0.06652

“* n<0.01, ** p<0.05, * p<0.1



Table A.4 Marginal Change (dy/dx) Results for Household Recreation Activity Participation (continued)

(41) (42) (43) (44) (45)
VARIABLES Nature Pres. Park Historic Site Geocaching Snowski
AGE 0.01613*** 0.01156**
AGE2 -0.00016*** -0.00006*** -0.00011*** -0.00001*** -0.00002***
MALE 0.01073*
ASIAN -0.14812* -0.1658**
BLACK -0.11620*** -0.15749*** -.16585*** -0.05057***
HISPANIC
OTHER
KIDS
HH_SIZE 0.01269*** 0.02601*** 0.01746** 0.00541**
INC25_50K 0.09594** 0.11447* 0.22307***
INC50_75K 0.14166*** 0.14600*** 0.30700*** 0.06709***
INC75_100K 0.10273** 0.13868*** 0.28171*** 0.06668**
INC100KPLUS 0.16277*** 0.15409*** 0.33988*** 0.15379***
HOUSE -0.08195*** -0.14773*** 0.016233**
PURBAN -0.00055* -0.00060* 0.00046***
MOUNTAIN -0.04975*** -0.08319***
CHESAPEAKE 0.15618***
URBAN -0.02101**
Predicted Participation 0.17643 0.5148 0.42833 0.02042 0.04958

=% 5<0.01, ™ p<0.05, * p<0.1
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Table A.4 Marginal Change (dy/dx) Results for Household Recreation Activity Participation (continued)

(46) (47) (48)
VARIABLES Cross Country Sledding Ice Skate
AGE 0.00237** 0.00563**
AGE2 -0.00002*** -0.0007*** -0.00001***
MALE -0.02385*
ASIAN
BLACK -0.04144***
HISPANIC
OTHER -0.03968*
KIDS 0.06730*** 0.01656**
HH_SIZE -0.00357** 0.00706***
INC25_50K
INC50_75K 0.02297
INC75_100K 0.02473 0.02876*
INC100KPLUS 0.02109* 0.023970*
HOUSE
PURBAN
MOUNTAIN 0.02075*
CHESAPEAKE -0.04311*
URBAN -0.02031*
Predicted Participation 0.00921 0.06138 0.01923
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APPENDIX A.5 LOGIT REGRESSION FOR HOUSEHOLD RECREATION
ACTIVITY PARTICIPATION WITH RESOURCE VARIABLES

(1)

)

@)

(4)

(5)

VARIABLES Prim Camping Dev Camping Hiking Fitness Trail Horse Ride
AGE 0.0934*** 0.0778** 0.0899***
(0.0299) (0.0322) (0.0259)
AGE2 -0.00146*** -0.000642** -0.00136*** -0.000217*** -0.000160**
(0.000319) (0.000294) (0.000267) (4.99e-05) (6.91e-05)
MALE 0.222* 0.334**
(0.127) (0.113)
ASIAN -0.696*
(0.400)
BLACK -1.626*** -2.027** -1.926** -1.445%
(0.356) (0.591) (0.354) (0.593)
HISPANIC -0.955***
(0.364)
OTHER
HH_SIZE 0.517*** 0.531***
(0.176) (0.200)
KIDS 0.191*** 0.0643* 0.111**
(0.0341) (0.0333) (0.0366)
INC25_50K
INC50_75K 0.328**
(0.150)
INC75_100K 0.415** -0.492**
(0.172) (0.235)
INC100KPLUS 0.727*** 0.618***
(0.150) (0.192)
HOUSE
PURBAN -0.0113*** 0.00678*** 0.00547*** -0.0127***
(0.00210) (0.00199) (0.00203) (0.00258)
MOUNTAIN 0.277** 0.331** 0.249*
(0.128) (0.149) (0.146)
CHESAPEAKE -1.638*
(0.727)
URBAN -0.478**
(0.167)
GOLF 77.57**
(22.49)
HIKING
HUNTING
OFFROAD
Constant -3.006*** -3.990*** -2.803*** -2.169*** -1.825***
(0.673) (0.886) (0.617) (0.248) (0.292)
Observations 2,144 2,103 2,144 2,144 2,144
Pseudo R2 0.122 0.0576 0.137 0.0353 0.0697

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.5 Logit Regression for Household Recreation Activity Participation with Resource Variables (continued)

(6) (7) (8) 9) (10)

VARIABLES Playground Softball Baseball Soccer Basketball
AGE 0.164***
(0.0597)
AGE2 -0.000223*** -0.000275*** -0.00188*** -0.000344*** -0.000296***
(4.11e-05) (5.60e-05) (0.000637) (6.71e-05) (6.54e-05)
MALE -0.547***
(0.119)
ASIAN
BLACK -1.322*%* 1.653**
(0.381) (0.215)
HISPANIC 1.025***
(0.354)
OTHER
HH_SIZE 1.672%* 1.651** 1.338*** 0.964***
(0.145) (0.284) (0.202) (0.196)
KIDS 0.148*** 0.216*** 0.129*** 0.169*** 0.233***
(0.0423) (0.0396) (0.0490) (0.0476) (0.0479)
INC25_50K
INC50_75K
INC75_100K
INC100KPLUS 0.395**
(0.172)
HOUSE
PURBAN 0.00356*
(0.00215)
MOUNTAIN -0.328* 0.572***
(0.176) (0.174)
CHESAPEAKE
URBAN -0.377*
(0.166)
GOLF
HIKING
HUNTING
OFFROAD
Constant -1.162** -2. 115 -7.325%* -2.538*** -3.160***
(0.173) (0.226) (1.364) (0.292) (0.267)
Observations 2,144 2,144 2,083 2,144 2,144
Pseudo R2 0.217 0.0580 0.162 0.178 0.178

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.5 Logit Regression for Household Recreation Activity Participation with Resource Variables (continued)

(11

(12)

(13)

(14)

(15)

VARIABLES Football Volleyball Tennis Golf Jet Ski
AGE -0.0262*** 0.0679* -0.0407***
(0.00712) (0.0373) (0.00720)
AGE2 -0.000339*** -0.000901**
(8.56e-05) (0.000377)
MALE 0.461*** 0.374*
(0.120) (0.196)
ASIAN 1.091**
(0.381)
BLACK 1.071** 1.154** -0.552** -1.453**
(0.253) (0.259) (0.276) (0.724)
HISPANIC -0.929*
(0.481)
OTHER -1.786*
(1.014)
HH_SIZE 0.936***
(0.242)
KIDS 0.196*** 0.232*** 0.0851** 0.114**
(0.0473) (0.0442) (0.0337) (0.0478)
INC25_50K -0.594** 0.673*
(0.282) (0.278)
INC50_75K 0.453** 1.081***
(0.223) (0.265)
INC75_100K 1.458***
(0.270)
INC100KPLUS 1.649*** 0.777**
(0.255) (0.201)
HOUSE 0.958***
(0.329)
PURBAN -0.00926*** 0.00851*** 0.00444**
(0.00278) (0.00245) (0.00185)
MOUNTAIN
CHESAPEAKE
URBAN -0.402*
(0.205)
GOLF
HIKING 178.9**
(84.85)
HUNTING
OFFROAD
Constant -3.077* -2.156*** -4.005*** -3.517** -2.134**
(0.293) (0.442) (0.910) (0.302) (0.436)
Observations 2,144 2,144 2,144 2,144 2,144
Pseudo R2 0.140 0.0922 0.0464 0.0671 0.0885

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.5 Logit Regression for Household Recreation Activity Participation with Resource Variables (continued)
(16) 17) (18) (19) (20)

VARIABLES Power Boat Canoeing Waterski Rafting Tubing
AGE
AGE2 -0.000133*** -0.00024*** -0.000431*** -0.000295*** -0.000321***
(4.75e-05) -0.0000415 (8.49e-05) (8.75e-05) (5.48e-05)
MALE 0.392*** 0.220* -0.319*
(0.142) -0.121 (0.160)
ASIAN
BLACK -1.604** -3.035%** -1.514* -1.872* -1.176**
(0.468) (0.716) (0.727) (1.015) (0.431)
HISPANIC -2.146* -1.472%
(1.015) (0.731)
OTHER
HH_SIZE 0.0603* 0.196™* 0.121**
(0.0348) (0.0487) (0.0382)
KIDS 0.109*** 0.132***
(0.0367) (0.0499)
INC25_50K 0.621** 0.521**
(0.308) (0.238)
INC50_75K 1.066*** 0.544** 0.747** 1.659** 0.700***
(0.292) (0.232) (0.316) (0.394) (0.200)
INC75_100K 1.006*** 0.905*** 0.729** 1.555** 0.781**
(0.309) (0.240) (0.347) (0.423) (0.224)
INC100KPLUS 1.229** 1.076** 0.703** 1.187** 0.661***
(0.289) (0.223) (0.317) (0.403) (0.208)
HOUSE 0.654*
(0.355)
PURBAN -0.00489** -0.00399** -0.00693** -0.00421*
(0.00204) (0.00171) (0.00353) (0.00206)
MOUNTAIN 0.550"**
(0.154)
CHESAPEAKE 1.044%* 0.502**
(0.250) (0.251)
URBAN 0.497*
(0.262)
GOLF
HIKING
HUNTING
OFFROAD
Constant -2.702*** -1.479** -3.041** -4.135*** -1.852***
(0.343) -0.273 (0.458) (0.461) (0.286)
Observations 2,144 2144 2,042 2,144 2,144
Pseudo R2 0.0729 0.0783 0.0928 0.0964 0.0904

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.5 Logit Regression for Household Recreation Activity Participation with Resource Variables (continued)

(21) (22) (23) (24) (25)
VARIABLES Swim Pool Sailing Hunting Four Wheel Motorcycle
AGE -0.0303*** -0.0200** 0.0542**
(0.00352) (0.00907) (0.0260)
AGE2 -0.000690*** -0.000263*** -0.000471***
(0.000251) (5.99e-05) (0.000117)
MALE -0.457** 0.613*** 0.656*** 1.160***
(0.103) (0.126) (0.179) (0.319)
ASIAN
BLACK -0.487** -1.834* -1. 747 -0.741*
(0.179) (1.017) (0.365) (0.383)
HISPANIC -1.155*
(0.611)
OTHER -0.827*
(0.457)
HH_SIZE 1.135*** -0.557*
(0.138) (0.314)
KIDS 0.0926** 0.209*** 0.139***
(0.0386) (0.0374) (0.0398)
INC25_50K
INC50_75K 0.476*** 0.976***
(0.133) (0.348)
INC75_100K 0.369** -0.538**
(0.152) (0.274)
INC100KPLUS 0.552*** 1471 -0.395*** -0.707***
(0.129) (0.324) (0.152) (0.238)
HOUSE
PURBAN -0.0158*** -0.0126*** -0.00913**
(0.00183) (0.00250) (0.00423)
MOUNTAIN -1.331%**
(0.441)
CHESAPEAKE 1.078***
(0.395)
URBAN
GOLF
HIKING
HUNTING 0.0709**
(0.0286)
OFFROAD
Constant 0.588*** -2.735*** -2.256*** -1.624*** -2.630***
(0.225) (0.549) (0.667) (0.271) (0.404)
Observations 2,144 2,144 2,144 2,090 1,954
Pseudo R2 0.158 0.0920 0.122 0.0768 0.0712

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.5 Logit Regression for Household Recreation Activity Participation with Resource Variables (continued)

(26) (27)
VARIABLES ATV/UTV Snowski
AGE 0.0858**
(0.0434)
AGE2 -0.00127*** -0.000438***
(0.000441) (6.56e-05)
MALE 0.721***
(0.178)
ASIAN
BLACK -1.997*** -2.024**
(0.734) (0.723)
HISPANIC
OTHER
HH_SIZE
KIDS 0.158*** 0.115**
(0.0414) (0.0464)
INC25_50K
INC50_75K 1.064***
(0.276)
INC75_100K 1.008***
(0.308)
INC100KPLUS 1.969***
(0.254)
HOUSE 0.620**
(0.286)
PURBAN -0.0201*** 0.00983***
(0.00265) (0.00281)
MOUNTAIN 0.460**
(0.182)
CHESAPEAKE
URBAN -0.466**
(0.198)
GOLF
HIKING
HUNTING
OFFROAD -1,294**
(619.5)
Constant -3.765"** -3.018***
(1.031) (0.355)
Observations 2,090 2,144
Pseudo R2 0.149 0.158

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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APPENDIX A.6 REGRESSION RESULTS FOR HOUSEHOLD RECREATION

ACTIVITY INTENSITY
M ) @) 4) ®)
VARIABLES Prim Camping Dev Camping Walking Jog/run Hiking
AGE -0.245** 13.83*
(0.0999) (6.653)
AGE2 0.0115** -0.150**
(0.00383) (0.0741)
MALE -35.60™*
(15.87)
ASIAN -16.35*
(9.079)
BLACK -53.33*
(27.91)
HISPANIC
OTHER 108.3** 202.2**
(41.80) (80.68)
KIDS
HH_SIZE 6.280*** 7.565*** 73.69*** 102.7** 13.09%*
(0.728) (2.692) (4.829) (9.716) (2.788)
INC25_50K
INC50_75K 33.02¢
(19.78)
INC75_100K -80.44**
(37.74)
INC100KPLUS 47.65* 60.23***
(14.30) (18.74)
HOUSE
PURBAN -0.0663* 0.383* 0.860** 0.258*
(0.0344) (0.214) (0.437) (0.138)
MOUNTAIN 24.90** -29.83*
(11.85) (17.25)
CHESAPEAKE 162.8*
(93.75)
URBAN -22.86**
(10.37)
Constant 13.64** -37.72** -27.42 -430.8*** -4.215
(5.872) (18.80) (23.61) (143.7) (11.80)
Observations 368 217 1,454 448 460
R-squared 0.195 0.117 0.164 0.253 0.055

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.6 Regression Results for Household Recreation Activity Intensity (continued)

(6)

(7)

(8) ©)

(10)

VARIABLES Fitness Trail Horse Ride Playground Softball Baseball
AGE -37.34** -2.107**
(8.752) (0.762)
AGE2 0.396***
(0.0868)
MALE -59.19* -42.08*
(30.46) (22.77)
ASIAN 399.3***
(144.5)
BLACK 84.28**
(32.63)
HISPANIC 239.3*** 481.4*** 1,468***
(69.77) (83.13) (194.4)
OTHER
KIDS 101.6** 87.33*** 144.6***
(40.48) (22.42) (50.71)
HH_SIZE 23.42%* 26.19***
(6.817) (5.466)
INC25_50K -144.6*** -61.46**
(51.02) (25.94)
INC50_75K -116.1**
(53.21)
INC75_100K -117.1%
(59.00)
INC100KPLUS -105.3** -82.42*
(47.38) (41.85)
HOUSE 126.6**
(57.89)
PURBAN
MOUNTAIN -93.19**
(40.68)
CHESAPEAKE
URBAN 90.09**
(40.66)
Constant 123.3*** 802.2*** 127.6*** 62.94*** 7.123
(46.41) (199.7) (44.06) (18.61) (49.76)
Observations 173 118 500 161 97
R-squared 0.175 0.272 0.086 0.289 0.425

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.6 Regression Results for Household Recreation Activity Intensity (continued)

(11

(12)

(13)

(14)

(15)

VARIABLES Soccer Basketball Football Volleyball Tennis
AGE 20.99***
(7.304)
AGE2 -0.214**
(0.0773)
MALE -77.71% -71.65**
(35.66) (35.10)
ASIAN
BLACK 49.78***
(18.48)
HISPANIC 131.0* 244.0**
(70.45) (103.9)
OTHER
KIDS
HH_SIZE 42.84*** 46.43*** 30.32%* 41.65*** 9.645***
(9.975) (9.361) (7.974) (9.386) (3.029)
INC25_50K
INC50_75K 22.63*
(12.76)
INC75_100K
INC100KPLUS
HOUSE
PURBAN
MOUNTAIN
CHESAPEAKE -259.8**
(111.8)
URBAN 33.06***
(10.64)
Constant -476.6%** -31.98 29.95 -30.06 -4.821
(169.7) (43.37) (38.51) (39.07) (12.27)
Observations 175 170 94 84 131
R-squared 0.141 0.164 0.174 0.246 0.195

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.6 Regression Results for Household Recreation Activity Intensity (continued)

(16) (17) (18) (19) (20)
VARIABLES Golf Fresh Fish Salt Fish Sunbathing Jet Ski
AGE -0.800** -0.932** -0.179* 0.643***

(0.275) (0.400) (0.108) (0.217)
AGE2 0.00805***
(0.00307)
MALE -6.930**
(3.246)
ASIAN
BLACK
HISPANIC 27.15*
(14.31)
OTHER
KIDS
HH_SIZE 8.660"** 12.04** 5.704** 8.368* 4.722*
(2.625) (1.809) (2.168) (0.804) (1.887)
INC25_50K -11.35%*
(4.131)
INC50_75K -10.61%*
(3.672)
INC75_100K
INC100KPLUS -25.38**
(8.624)
HOUSE
PURBAN
MOUNTAIN 25.93* 1212+
(10.51) (5.836)
CHESAPEAKE 52.59***
(17.58)
URBAN
Constant 0.823 53.92+* 54.70% 2222w -16.91
(13.84) (16.56) (22.81) (6.283) (12.69)
Observations 322 627 263 796 107
R-squared 0.064 0.095 0.073 0.153 0.177

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.6 Regression Results for Household Recreation Activity Intensity (continued)

(21) (22) (23) (24) (25)
VARIABLES Power Boat Sailing Canoeing Waterski Rafting
AGE
AGE2 -0.00631**
(0.00248)
MALE
ASIAN
BLACK
HISPANIC
OTHER
KIDS
HH_SIZE 6.379* 5.518***
(3.327) (1.119)
INC25_50K -14.74*
(7.786)
INC50_75K -12.75* 16.27**
(7.631) (7.059)
INC75_100K -17.15*
(7.717)
INC100KPLUS -12.20* 13.36*
(7.294) (7.651)
HOUSE
PURBAN
MOUNTAIN -19.89**
(8.849)
CHESAPEAKE 44.24* 13.34*
(17.98) (6.490)
URBAN
Constant 15.02 27.69*** 14.03** 33.82*** 18.38***
(11.98) (6.620) (6.870) (4.995) (6.866)
Observations 222 54 341 91 64
R-squared 0.045 0.000 0.081 0.054 0.146

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.6 Regression Results for Household Recreation Activity Intensity (continued)

(26) (27) (28) (29) (30)
VARIABLES Tubing Swim Pool Swim Beach Bike Multi Bike Single
AGE 3.355* -2.987**
(1.760) (0.993)
AGE2 -0.0353* 0.0261**
(0.0182) (0.0102)
MALE
ASIAN
BLACK -29.87*
(15.97)
HISPANIC
OTHER 31.51**
(13.60)
KIDS 22.30**
(10.49)
HH_SIZE 4.040** 17.99%* 7.695*** 27.69** 26.32***
(1.229) (2.820) (1.500) (4.697) (6.923)
INC25_50K -18.83** 67.20**
(6.132) (30.04)
INC50_75K -12.26* 95.29*
(5.631) (48.70)
INC75_100K
INC100KPLUS 17.34* 81.90*
(9.021) (41.89)
HOUSE
PURBAN
MOUNTAIN -18.50*
(9.018)
CHESAPEAKE
URBAN
Constant 2.994 -65.79 90.61*** -4.696 -41.89
(4.627) (40.03) (23.27) (18.74) (37.65)
Observations 185 779 683 244 145
R-squared 0.056 0.138 0.083 0.151 0.120

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.6 Regression Results for Household Recreation Activity Intensity (continued)

(31) (32) (33) (34) (35)
VARIABLES Four Wheel Motorcycle ATV/UTV Skateboard Inline Skate
AGE
AGE2 -0.0760*
(0.0439)
MALE 40.19**
(19.36)
ASIAN
BLACK 89.29*
(52.11)
HISPANIC 338.0*
(170.8)
OTHER 374.7***
(111.8)
KIDS
HH_SIZE 15.25** 23.41** 41.32*** 37.24*
(6.851) (8.078) (15.48) (20.26)
INC25_50K 57.97** -216.1**
(26.44) (91.22)
INC50_75K -42.17*
(24.73)
INC75_100K
INC100KPLUS -303.1%**
(85.72)
HOUSE 60.44* 158.5* 266.3**
(32.91) (87.44) (102.0)
PURBAN
MOUNTAIN 50.83** -50.40*
(24.66) (24.95)
CHESAPEAKE
URBAN -56.06**
(24.71)
Constant -82.19** -7.869 -22.05 16.77 64.86
(41.42) (31.74) (57.36) (125.7) (95.88)
Observations 120 40 132 64 25
R-squared 0.127 0.335 0.052 0.176 0.588

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.6 Regression Results for Household Recreation Activity Intensity (continued)

(36) @37 (38) (39) (40)
VARIABLES Hunting Picnic Nature Study Gardens Bird Watch
AGE -2.085** -7.412*%
(0.928) (2.854)
AGE2 0.0186** 0.0772***
(0.00910) (0.0276)
MALE -20.10** 21.51*
(8.708) (11.80)
ASIAN 28.41%* 28.41**
(7.421) (7.421)
BLACK -56.40**
(26.90)
HISPANIC
OTHER
KIDS -32.43* -8.033*** -8.033**
(15.29) (2.960) (2.960)
HH_SIZE 19.33** 10.11%** 21.75% 7.170% 7.170**
(2.415) (1.309) (2.755) (0.631) (0.631)
INC25_50K -9.891* -9.891*
(5.416) (5.416)
INC50_75K -10.17** -10.17**
(5.107) (5.107)
INC75_100K -10.76** -10.76**
(5.242) (5.242)
INC100KPLUS -12.22* -12.22*
(4.905) (4.905)
HOUSE
PURBAN
MOUNTAIN -14.79*
(8.882)
CHESAPEAKE 62.99***
(18.63)
URBAN
Constant 5.225 44.31* 127.1* 2.665 2.665
(11.34) (22.96) (72.72) (4.710) (4.710)
Observations 334 545 181 413 413
R-squared 0.243 0.117 0.317 0.295 0.295

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.6 Regression Results for Household Recreation Activity Intensity (continued)

41) (42) (43) (44) (45)
VARIABLES Nature Pres. Park Historic Site Geocaching Snow ski
AGE
AGE2 0.0139**
(0.00536)
MALE
ASIAN
BLACK
HISPANIC
OTHER 10.65*
(6.377)
KIDS
HH_SIZE 10.99** 3.899*** 14.23** 6.705*** 3.436**
(2.633) (1.376) (2.009) (0.548) (0.755)
INC25_50K 70.56*** -26.13**
(18.64) (11.30)
INC50_75K -22.46**
(9.604)
INC75_100K -19.79*
(10.02)
INC100KPLUS -16.60*
(9.122)
HOUSE -5.069*
(2.623)
PURBAN 0.133*
(0.0732)
MOUNTAIN
CHESAPEAKE 31.73%
(10.23)
URBAN
Constant -55.93*** -0.273 -0.855 1.044 24 .28***
(19.74) (6.889) (6.920) (2.799) (9.149)
Observations 117 350 946 795 175
R-squared 0.283 0.046 0.050 0.164 0.141

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.6 Regression Results for Household Recreation Activity Intensity (continued)

(46) (47) (48)
VARIABLES Cross Country Sledding Ice Skate
AGE
AGE2
MALE
ASIAN
BLACK
HISPANIC
OTHER
KIDS
HH_SIZE 1.483* 6.471** 4.889***
(0.773) (0.712) (0.989)
INC25_50K -13.92** -6.432*
(5.692) (3.390)
INC50_75K -12.02%**
(3.950)
INC75_100K -16.58*** -7.216**
(4.042) (3.331)
INC100KPLUS -14.16*** -11.95%*
(3.705) (3.001)
HOUSE 7.842**
(3.705)
PURBAN -0.0558*
(0.0335)
MOUNTAIN
CHESAPEAKE
URBAN
Constant 9.113** 1.007 -7.019*
(3.904) (3.901) (3.899)
Observations 29 207 53
R-squared 0.519 0.342 0.324

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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APPENDIX A.7 LOGIT REGRESSION RESULTS FOR PRIVATE VENUE RECREATION
ACTIVITY LOCATION

(1) @) @) (4) ®) (6)

VARIABLES Prim Camping Dev Camping Hiking Fitness Trail Playground Softball
AGE -0.123*
(0.0742)
AGE2 -0.000213** 0.00125*
(0.000108) (0.000688)
MALE 0.404*
(0.237)
ASIAN
BLACK -1.214**
(0.613)
OTHER
HH_SIZE
KIDS 0.983*
(0.507)
INC25_50K
INC50_75K
INC75_100K 1.142%* -2.496**
(0.416) (1.078)
INC100KPLUS 0.749** -2.548**
(0.373) (1.070)
HOUSE
PURBAN
MOUNTAIN -1.128*** -0.906*** -0.904*
(0.387) (0.338) (0.520)
CHESAPEAKE 2.561**
(1.070)
URBAN -2.381**
(1.080)
PUBCAMP_DEV -103.0*
(54.25)
PUBFOOTBALL
PRIPLAYGROUNDS -4,445*
(2,406)
PRIBOATINGACRE

PRIOUTDOOR_POOL

Constant -0.333 2.324 -2.425% 1.083+* -1.563+* -0.991*
(0.255) (1.934) (0.172) (0.247) (0.179) (0.426)

Observations 341 207 455 132 571 167

Pseudo R2 0.0135 0.0981 0 0.0510 0.0375 0.231

Standard errors in parentheses
***p<0.01, ** p<0.05, * p<0.1
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Appendix A.7 Logit Regression Results for Private Venue Recreation Activity Location (continued)

(7) (8)

9)

(10)

(11

VARIABLES Baseball Soccer Basketball Football Volleyball
AGE -0.835***
(0.279)
AGE2 -0.000356* 0.00846***
(0.000185) (0.00289)
MALE -1.212%
(0.567)
ASIAN
BLACK -1.166** -1.700**
(0.514) (0.712)
OTHER
HH_SIZE -0.512* -0.382* -0.299*
(0.264) (0.217) (0.151)
KIDS =171
(0.425)
INC25_50K 4.245** 1.411*
(1.629) (0.605)
INC50_75K 5.408***
(1.731)
INC75_100K
INC100KPLUS -1.093* 5.220***
(0.648) (1.841)
HOUSE -3.466***
(1.313)
PURBAN -0.0491**
(0.0168)
MOUNTAIN -2.095** -1.413** -1.006*
(0.844) (0.533) (0.551)
CHESAPEAKE 1.746*
(0.914)
URBAN
PUBCAMP_DEV
PUBFOOTBALL 5,020**
(2,217)
PRIPLAYGROUNDS
PRIBOATINGACRE
PRIOUTDOOR_POOL
Constant 1.146 0.566 -0.959*** 19.78*** 1.065
(1.072) (0.555) (0.175) (6.505) (0.668)
Observations 105 178 208 81 97
Pseudo R2 0.130 0.0900 0.0348 0.387 0.131

Standard errors in parentheses

*** <0.01, ** p<0.05, * p<0.1
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Appendix A.7 Logit Regression Results for Private Venue Recreation Activity Location (continued)

(12) (13)

(14) (15) (16)

VARIABLES Tennis Golf Jet Ski Power Boat Sailing
AGE -0.234*
(0.127)
AGE2 0.00225*
(0.00125)
MALE -0.915* -0.430*
(0.402) (0.233)
ASIAN
BLACK -2.046* -1.202*
(1.092) (0.633)
OTHER
HH_SIZE -0.490**
(0.197)
KIDS 1.140** 1.746™*
(0.501) (0.824)
INC25_50K
INC50_75K -1.425*
(0.818)
INC75_100K 0.707*
(0.383)
INC100KPLUS 1.345*** 0.796***
(0.415) (0.245)
HOUSE
PURBAN -0.0114** 0.0175*
(0.00357) (0.00808)
MOUNTAIN -0.765***
(0.264)
CHESAPEAKE
URBAN
PUBCAMP_DEV
PUBFOOTBALL
PRIPLAYGROUNDS
PRIBOATINGACRE 6.977**
(3.170)
PRIOUTDOOR_POOL
Constant 0.497 1.019* -2. 1117 -1.438*** 4.011
(0.552) (0.306) (0.596) (0.180) (2.842)
Observations 141 331 111 238 54
Pseudo R2 0.140 0.0693 0.0818 0.0131 0.0995

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.7 Logit Regression Results for Private Venue Recreation Activity Location (continued)

17) (18) (19) (20) (21)

VARIABLES Canoeing Waterski Tubing Swim Pool Hunting
AGE
AGE2
MALE -0.558*
(0.289)
ASIAN -1.628**
(0.537)
BLACK -1.587***
(0.289)
OTHER -1.089*
(0.447)
HH_SIZE
KIDS
INC25_50K
INC50_75K 1.783* 0.509**
(0.788) (0.200)
INC75_100K 2.186*** 0.437* 1.869**
(0.801) (0.230) (0.611)
INC100KPLUS 0.812* 1.682* 0.729***
(0.488) (0.792) (0.201)
HOUSE -1.763**
(0.798)
PURBAN
MOUNTAIN -0.684* -1.083*** -1.336***
(0.357) (0.165) (0.373)
CHESAPEAKE -1.277*
(0.586)
URBAN -0.997*
(0.420)

PUBCAMP_DEV
PUBFOOTBALL
PRIPLAYGROUNDS

PRIBOATINGACRE

PRIOUTDOOR_POOL -1,550*
(862.3)
Constant -1.144%* 0.421 -3.068*** 0.802*** 2.038***
(0.188) (0.737) (0.723) (0.180) (0.321)
Observations 359 93 206 872 353
Pseudo R2 0.0236 0.0593 0.0561 0.0930 0.0835
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*** p<0.01, ** p<0.05, * p<0.1



APPENDIX A.8 LOGIT REGRESSION RESULTS FOR OUT-OF-STATE
RECREATION ACTIVITY PARTICIPATION

(1) )

®)

(4)

(%)

VARIABLES Prim Camping  Dev Camping Hiking Fitness Trail Horse Ride
AGE 0.149***
(0.0508)
AGE2 0.000302**
(0.000129)
MALE
BLACK 1.637* 2.644* 5.686™**
(0.918) (1.246) (1.831)
HISPANIC 3.638**
(1.534)
OTHER 4.487*
(2.032)
KIDS
HH_SIZE -0.165* -0.662*** -0.635*
(0.0750) (0.161) (0.292)
INC50_75K 4.162** 2.489*
(1.611) (1.355)
INC75_100K 3.994**
(1.452)
INC100KPLUS 1.079** 0.674** 4.135** 3.350**
(0.385) (0.342) (1.697) (1.354)
HOUSE -1.225% -2.727*
(0.530) (1.346)
PURBAN 0.00675** 0.0155** -0.0362*** 0.0452***
(0.00340) (0.00574) (0.0140) (0.0135)
MOUNTAIN -0.808*** -2.067***
(0.281) (0.509)
CHESAPEAKE
URBAN -2.475% -1.843*
(0.643) (0.959)
CAMP_DEV 27.62***
(10.66)
FITNESS_TM 14,910**
(5,889)
OUTDOOR_POOL
MILES -0.0177*** -0.0486** -0.0580*
(0.00685) (0.0136) (0.0323)
Constant -0.00868 1.399* -1.424* -10.13*** -4.989***
(0.442) (0.630) (0.660) (3.434) (1.489)
Observations 372 215 446 148 134
Pseudo R2 0.0531 0.140 0.107 0.420 0.359

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

99



Appendix A.8 Logit Regression Results for Out-of-state Recreation Activity Participation (continued)

(6) @) ®) ©) (10)
VARIABLES Playground Softball Soccer Basketball Volleyball

AGE
AGE2
MALE 1.290**
(0.556)
BLACK
HISPANIC
OTHER
KIDS
HH_SIZE
INC50_75K 2.412*
(1.306)
INC75_100K
INC100KPLUS
HOUSE
PURBAN
MOUNTAIN
CHESAPEAKE 1.772* 1.751*
(0.826) (0.898)
URBAN
CAMP_DEV

FITNESS_TM

OUTDOOR_POOL

MILES -0.0810* -0.170*
(0.0487) (0.0979)
Constant -4.261*** -2.667*** -1.707* -0.0732 -2.520***
(0.436) (0.327) (0.917) (1.004) (0.393)
Observations 517 161 58 49 94
Pseudo R2 0.0648 0.0351 0.191 0.270 -0

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.8 Logit Regression Results for Out-of-state Recreation Activity Participation (continued)

(11) (12)

(13)

(14)

(15)

VARIABLES Tennis Golf Jet Ski Power Boat Sailing
AGE 0.826* -0.0541**
(0.481) (0.0196)
AGE2 -0.00869*
(0.00505)
MALE -2.327*
(1.246)
BLACK
HISPANIC
OTHER
KIDS -0.717* -1.006*
(0.422) (0.567)
HH_SIZE -0.683*
(0.414)
INC50_75K 1.235% 0.774*
(0.628) (0.465)
INC75_100K
INC100KPLUS 0.891**
(0.421)
HOUSE -0.747*
(0.415)
PURBAN 0.0357***
(0.0137)
MOUNTAIN
CHESAPEAKE
URBAN -2.280*
(1.076)
CAMP_DEV
FITNESS_TM
OUTDOOR_POOL
MILES -0.0655* -0.0345*** -0.0315* -0.0352*** -0.0417**
(0.0367) (0.0120) (0.0189) (0.0115) (0.0193)
Constant -17.33 -0.511 1.725* -1.124%* -0.751
(10.78) (0.431) (1.028) (0.389) (0.782)
Observations 101 350 114 216 58
Pseudo R2 0.251 0.0690 0.185 0.0717 0.172

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.8 Logit Regression Results for Out-of-state Recreation Activity Participation (continued)

(16) (17) (18) (19) (20)
VARIABLES Canoeing Waterski Rafting Tubing Swim Pool
AGE
AGE2 -0.000733**
(0.000302)
MALE -0.839*
(0.388)
BLACK 2.121*
(1.184)
HISPANIC
OTHER
KIDS _0.944***
(0.245)
HH_SIZE
INC50_75K 1.722* -1.352*
(0.689) (0.575)
INC75_100K
INC100KPLUS 1.132%*
(0.394)
HOUSE
PURBAN 0.0247***
(0.00662)
MOUNTAIN 1.143*
(0.537)
CHESAPEAKE
URBAN -0.896* -0.781**
(0.465) (0.274)
CAMP_DEV
FITNESS_TM
OUTDOOR_POOL -2,513*
(1,460)
MILES -0.0206™** -0.0432* -0.0444**
(0.00993) (0.0231) (0.0154)
Constant -2.926*** 0.190 -0.174 -0.798* -1.270**
(0.557) (0.833) (0.296) (0.462) (0.251)
Observations 358 82 74 210 869
Pseudo R2 0.140 0.221 0.0651 0.111 0.0413

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.8 Logit Regression Results for Out-of-state Recreation Activity Participation (continued)

(21) (22) (23) (24)
VARIABLES Four Wheel Motorcycle ATV/UTV Snow ski
AGE 0.304*
(0.174)
AGE2 -0.00335*
(0.00184)
MALE
BLACK
HISPANIC
OTHER
KIDS
HH_SIZE
INC50_75K
INC75_100K
INC100KPLUS 1.051*
(0.619)
HOUSE
PURBAN 0.0662* 0.0455*** 0.0147**
(0.0347) (0.0127) (0.00632)
MOUNTAIN -1.053**
(0.485)
CHESAPEAKE
URBAN 2.708*** -1.594* -1.470**
(0.494) (0.846) (0.585)
CAMP_DEV
FITNESS_TM
OUTDOOR_POOL
MILES -0.0498** -0.0380***
(0.0239) (0.0101)
Constant -2.546™** -5.882** -9.498** 1.002*
(0.367) (2.911) (4.303) (0.578)
Observations 147 21 148 192
Pseudo R2 0.243 0.355 0.275 0.0874

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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APPENDIX A.9 REGRESSION RESULTS FOR HOUSEHOLD RECREATION
ACTIVITY DISTANCE (IN HOURS)

(1)

() @)

(4) ®)

VARIABLES Prim Camping Dev Camping Hiking Fitness Trail Horse Ride
AGE
AGE2
MALE 3.122*
(1.812)
ASIAN 4.290%**
(1.411)
BLACK
KIDS -4.553***
(1.725)
HH_SIZE 1.359™
(0.562)
INC25_50K
INC50_75K
INC75_100K 5.811**
(2.654)
INC100KPLUS
HOUSE
PURBAN
MOUNTAIN 3.880**
(1.882)
CHESAPEAKE 15.71*
(7.334)
URBAN 2.201*
(0.931)
SOFTBALL
SOCCER
BOATINGACRE
SKILIFT
Constant 2.630*** 3.167*** 0.494 1.043** 0.0361
(0.557) (0.305) (1.508) (0.240) (1.452)
Observations 371 217 522 207 139
R-squared 0.015 0.000 0.015 0.043 0.081

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1



Appendix A.9 Regression Results for Household Recreation Activity Distance (in hours) (continued)

(6) @) (©) ) (10)

VARIABLES Playground Softball Baseball Soccer Basketball
AGE
AGE2
MALE
ASIAN
BLACK -6.643*

(3.649)
KIDS -7.830***

(2.915)
HH_SIZE 2.433***

(0.726)
INC25_50K 5.093*

(2.760)
INC50_75K
INC75_100K
INC100KPLUS
HOUSE -4.976*

(2.641)
PURBAN
MOUNTAIN 62.66*

(32.10)
CHESAPEAKE
URBAN
SOFTBALL 29,283***
(9,795)
SOCCER 253,503**
(100,641)
BOATINGACRE
SKILIFT
Constant 1.244** -3.703 2.787 -32.61 5.981
(0.378) (2.937) (3.971) (20.88) (4.816)

Observations 596 180 114 21 208
R-squared 0.000 0.048 0.168 0.044 0.000

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.9 Regression Results for Household Recreation Activity Distance (in hours) (continued)

(11

(12)

(13)

(14)

(15)

VARIABLES Football Volleyball Tennis Golf Jet Ski
AGE
AGE2 0.00110** -0.00130***
(0.000443) (0.000485)
MALE
ASIAN
BLACK -2.066* 4.557**
(1.178) (1.797)
KIDS -2.163*
(1.201)
HH_SIZE 1.603***
(0.290)
INC25_50K 2.365% -5.938** -6.122***
(1.396) (2.366) (1.843)
INC50_75K -5.424*
(2.105)
INC75_100K -5.600** -4.478*
(2.459) (2.011)
INC100KPLUS -4.911** -4.159**
(2.264) (1.602)
HOUSE -3.320%**
(1.075)
PURBAN 0.0317*
(0.0177)
MOUNTAIN 2.795**
(1.379)
CHESAPEAKE
URBAN
SOFTBALL
SOCCER
BOATINGACRE
SKILIFT
Constant -3.202** 5.326*** 2.024* 3473 7.388***
(1.552) (1.786) (1.056) (0.992) (1.998)
Observations 120 101 145 344 127
R-squared 0.322 0.156 0.000 0.000 0.182

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.9 Regression Results for Household Recreation Activity Distance (in hours) (continued)

(16) (17) (18) (19) (20)

VARIABLES Power Boat Canoeing Waterski Rafting Tubing
AGE 0.909**
(0.383)
AGE2 -0.00942**
(0.00406)
MALE -1.438*
-0.675
ASIAN
BLACK
KIDS
HH_SIZE -0.279* 0.313*
(0.152) (0.170)
INC25_50K -21.21%* -6.504***
(5.135) (1.953)
INC50_75K -22.53** -6.050***
(4.637) (1.758)
INC75_100K -20.52*** -5.664***
(4.766) (1.864)
INC100KPLUS 1.444* -22.48*** -5.846***
(0.704) (4.731) (1.771)
HOUSE -1.902**
(0.910)
PURBAN
MOUNTAIN 1111
(0.517)
CHESAPEAKE -2.188* 3.851%**
(1.122) (1.277)
URBAN -1.970%*
(0.602)
SOFTBALL
SOCCER
BOATINGACRE 0.443** -0.207*
(0.181) (0.110)
SKILIFT
Constant 3.038*** 2.620*** 3.331** 4.973 7.592***
(0.562) (0.976) (0.452) (9.191) (1.547)
Observations 249 374 62 75 219
R-squared 0.053 0.058 0.164 0.298 0.061

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.9 Regression Results for Household Recreation Activity Distance (in hours) (continued)

(21) (22) (23) (24) (25)
VARIABLES Swim Pool Sailing Hunting Four Wheel Motorcycle
AGE -0.0895"** -1.838**
(0.0283) (0.352)
AGE2 0.0187***
(0.00379)
MALE 16.50*
(9.129)
ASIAN 15.44**
(3.356)
BLACK
KIDS
HH_SIZE 0.624**
(0.250)
INC25_50K -2.627** 5.289*
(1.120) (3.111)
INC50_75K -3.319¢
(1.672)
INC75_100K 24.03*
(12.24)
INC100KPLUS
HOUSE
PURBAN 0.0601*
(0.0300)
MOUNTAIN 2.624** 1.325*
(0.807) (0.585)
CHESAPEAKE
URBAN -4.351*
(1.966)
SOFTBALL
SOCCER
BOATINGACRE
SKILIFT
Constant 3.928** 1.777** -0.392 1.833 43.88***
(1.615) (0.323) (6.769) (1.599) (8.373)
Observations 102 874 360 140 40
R-squared 0.229 0.006 0.018 0.021 0.765

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Appendix A.9 Regression Results for Household Recreation Activity Distance (in hours) (continued)

(26) (27)
VARIABLES ATV/UTV Snowski

AGE
AGE2
MALE
ASIAN
BLACK
KIDS
HH_SIZE
INC25_50K
INC50_75K
INC75_100K
INC100KPLUS 9.044**
(4.222)
HOUSE
PURBAN
MOUNTAIN
CHESAPEAKE
URBAN 9.527**
(4.497)
SOFTBALL
SOCCER
BOATINGACRE
SKILIFT 89,378***
(29,732)
Constant 0.242 3.716***

(2.084) (0.363)

Observations 153 187
R-squared 0.078 0.047

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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