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ABSTRACT. Increased emphasis on sustainable resource management in forestry has effectuated
a demand for various nontimber values. Nonconsumptive wildlife recreation is an important nontimber
service produced on forest and rangeland. Travel cost models and data from the 1991 National Survey
of Fishing, Hunting and Wildlife-Associated Recreation are used to estimate the demand and value for
nonconsumptive wildlife-associated recreation in the United States. Resulting welfare measures are
shown to be sensitive to assumptions about the cost of travel time, pecuniary costs, and functional
form. Consumer surplus estimates range from 18.7 to 327.5 dollars per trip, while aggregate
estimates of consumer surplus resulting from access to nonconsumptive wildlife recreation range from
5.8t0 66.4 billion dollars annually. Availability of information about nonparticipants allows comparison
of truncated and untruncated demand models. Contrary to previous findings, consumer surplus
estimates from truncated models are smaller than for untruncated counterparts. Trip demand is found
to be adversely affected by per capita decreases in forest and rangeland. Models include interaction
variables to avoid forcing hunting or fishing as potential substitutes for the large number of people who
do not hunt or fish. Hunting and nonconsumptive wildlife recreation are complementary activities, while
the results for fishing are mixed. For. Sci. 46(4):496-506.

Additional Key Words. Nontimber values, wildlife recreation, travel cost, truncation, consumer

surplus, substitute activities.

N INCREASINGLY DIVERSE SOCIETY Is placing greater
A demands on public forests for a wide variety of

products, both traditional and nontraditional, priced
and unpriced (Dennis 1998). These products cover a broad
spectrum including biodiversity, forest health, wood prod-
ucts, wildlife habitats, and recreation opportunities. More-
over, multiple-use management on public forestland is man-
dated by the Multiple-Use and Sustained Yield Act of 1960,
as well as the Forest and Rangeland Renewable Resources
Planning Act of 1974 (RPA) and the National Forest Man-
agement Act of 1976 (NFMA). These laws require that
nontimber outputs, such as preservation, wildlife, and out-
door recreation, be considered along with timber in resource
allocation decision-making on national forests (Pearse and
Holmes 1993). Hence, resource managers are faced with
decisions that balance society’s diverse needs, wants, and

valueswhiletryingtoensurelong-runecosystem sustainability
and integrity. This can often lead to conflict and litigation as
individuals and stakeholder groups differ markedly over the
choice of management strategy and the resulting output mix.
Managerstherefore need information that provides quantifi-
able measures of public preferences and values associated
with different management outcomesto makeeffectiveplan-
ning and policy decisions.

Many forest outputs are not traded in markets, and prices
are thus unavailable as indicators of value. To evaluate
tradeoffs between market and nonmarket goods in resource
management, anumber of methods have evolved. The meth-
ods fall into two basic categories, those that rank outcomes
and those that obtain monetary values. Conjoint analysisis
one ranking method which has been applied to forest man-
agement with some success. Zinkhan et al. (1997) describe
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the technique as a survey method that measures the joint
effect of two or more product or service attributes on con-
sumer preferencesin utility units. They demonstrate the use
of thetechnique on ahypothetical forest in which an optimal
park design isdevel oped based on asample’ s preferencesfor
accommodations, fees, boat launch access, and wildlife habi-
tat. Dennis (1998) uses conjoint analysis, based on asample
of arearesidents, toidentify an optimal management level for
such attributes as timber harvesting, wildlife habitat, hiking
trails, snowmobile trails, and ORYV trailsin a portion of the
Green Mountain National Forest.

Alternatively, money metrics of value for nonmarket
goods may be desired. While variations of conjoint analy-
sis have been developed to estimate monetary values for
forest attributes (Holmes et al.1998), two more popular
methods used to estimate monetary val ues for nonmarket
goods are the contingent valuation method (CV) and the
travel cost method (TC). Both methods estimate consumer
surplus or net willingness to pay. As a benefit or welfare
measure, consumer surplus is the amount by which an
individual’s willingness to pay for a good exceeds what
the individual must pay for the good. While not directly
comparableto market price, consumer surplusis accepted
for usein benefit/cost cal culationswhich comprise part of
the economic efficiency analyses done for RPA planning
(Pearce and Holmes 1993, USDA Forest Service 1995).

In CV studies, individuals are directly queried about
their willingness to pay for a good or service. The tech-
nique has been applied in forest-related research to value
such things astradeoffs between old growth habitat for the
spotted owl and timber harvesting (Rubinet al. 1991), pine
beetle damage to recreation sites in the Colorado Rocky
Mountains (Walsh et al. 1989), and reducing fire risk in
old growth forests (Loomis and Gonzalez-Caban 1998).
The hypothetical nature of CV allows it to be used to
compare existing situations to proposed alternatives and
also to estimate less tangible entities like existence, op-
tion, and bequest val ues (Pearse and Holmes 1993). How-
ever, CV's hypothetical nature can also lead to criticism
about its validity.

Inthisstudy, thetravel cost method isused with datafrom
the 1991 National Survey of Fishing, Hunting and Wildlife-
Associated Recreation to estimate demand for and val ue of
nonconsumptive wildlife-associated recreation accessin the
United States. Unlike CV, thetravel cost method isbased on
actual behavior. The technique relies on establishing arela-
tionship between the costsincurred by travelersto asiteand
thenumber of tripstaken. Hof (1993, p. 54) demonstratesthat
thisrelationship can be exploited to derive consumer surplus
for accesstoasiteor for agiven experience. TC hasbeen used
extensively in forest-related recreation research to value site
access as well as changesin site quality (Walsh et al. 1989,
Richards et al.1990, Mendelsohn et al. 1992, Christensen et
al. 1993, Casey et a. 1995, Englin et al. 1996, Boxall et al.
1996). The technique is not without shortcomings, many of
which are discussed herein. Moreover, unlike the conjoint
and CV methods which can be used to obtain of f-site val ues,
TCislimited to applications involving site use.

Nonconsumptivewildlife-related recreationisvery popu-
lar. For example, 76.1 million people participated in
nonconsumptive wildlife-related recreation in 1991, spend-
ing atotal of $18.1 billion (USDI 1993). Nationally, Bowker
etal. (1999) project a61% increasein participantsand a97%
increasein daysspent on nonconsumptivewildliferecreation
annually over the next 50 yr. However, most economic
studies of wildlife have focused on hunting and fishing (see
for example, Kealy and Bishop 1986, Balkan and Kahn 1988,
Creel andLoomis1990, Luzaretd. 1992, Y enand Adamowicz
1993, Sarker and Surrey, 1998). Bergstrom and Cordell
(1991) use a zonal TC and the Public Area Recreation
Visitors Study data to estimate the national net economic
value per day of various outdoor activitiesincluding wildlife
observation. Rockel and Kealy (1991) use the travel cost
method (TC) and the 1980 National Survey of Fishing,
Hunting, and Nonconsumptive Wildlife-Associated Recre-
ation to estimate the average annual willingness to pay for
access to nonconsumptive wildlife recreation in the United
States. Boyle et a. (1994) use contingent valuation and the
1991 National Survey of Fishing, Hunting, and Wildlife-
Associated Recreation to estimate the net economic value of
nonconsumptive recreation per day in each state. Bayless et
al. (1994) use a variation of the individual TC method to
estimatethe demand and consumer surplusfor wildlifeview-
ing trips.

The primary objective of this study is to estimate the
demand and annual consumer surplus for access to
nonconsumptive wildlife recreation in the United States, in
aggregate and on aper trip basis. These numbers should be of
interest to resource managers in at least a couple of ways.
First, qualitative differencesamong forests notwithstanding,
per trip estimates of consumer surplus can be usedin benefit-
cost analyses as a first approximation for the benefits of
providing wildlife viewing access. Second, understanding
more about the underlying structure of demand allows man-
agersabetter understanding of potential market shiftsresult-
ing from policy or demographic shifts.

As secondary objectives, a number of methodological
issues are addressed that should be of interest to researchers
working with travel cost models in nonmarket valuation.
These issues fal into two categories. The first deals with
researcher-imposed judgments such as the opportunity cost
of time, composition of travel costs, and specification of
substituteactivities. Whileanumber of studieshaveexplored
these issues (Wilman and Pauls 1987, Rockel and Kealy
1991, Layman et al.1996, English and Bowker 1996) and
they areunlikely to befully resolved any timesoon, thisstudy
provides some guidance in dealing with them. The second
category pertainsto the extrapolative reliability of truncated
demand models. Recreation demand estimation is compli-
cated wheninformation about nonparticipantsisunavail able.
Data on recreation trips that include only participants are
truncated at zero. Creel and Loomis (1990) demonstrate that
failure to account for truncation can lead to bias. Truncated
models have evolved to address this problem. However, the
reliability of these models has been questioned (Yen and
Adamowicz 1993). They find that truncated recreation de-
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mand models lead to overestimates of consumer surplus. In
thisstudy, the extrapolativereliability of truncated modelsis
further explored by comparing results from untruncated
models on an untruncated portion of the datato resultsfrom
truncated models on a truncated portion of the data. The
findings are somewhat contrary to those of Yen and
Adamowicz (1993).

Data Source

Thenonconsumptive portion of the 1991 National Survey
of Fishing, Hunting, and Wildlife-Associated Recreation
(FHWAR) is the primary source of data for this study. A
detailed description of the survey can befoundin USDI Fish
and Wildlife Service (1993). It iscollected in two phasesand
servesasthemajor source of information on national wildlife
use. Thefirst phaseisascreening interview in which house-
holds provide socioeconomic information and identify wild-
life-related recreation participants. The second phaseis fo-
cused on selected participants from the screening survey.
Here, detailed information is collected about participation
and expenditures on hunting, fishing, and nonconsumptive
wildlife recreation. The nonconsumptive portion encom-
passesthosein the screening survey whoindicated participa-
tion or potential participation in nonconsumptive wildlife
recreation. Dataare collected for residential and nonresiden-
tial participation. Nonresidential nonconsumptive wildlife
recreation consists of trips taken by those 16 yr or older to a
site at least 1 mi from the home for the primary purpose of
observing, feeding, or photographing wildlife. Residential
nonconsumptivewildliferecreation must bedonewithin 1 mi
of home and also includes maintaining natural areas or
plantings for wildlife.

Toreducerecall bias, respondentswereinterviewed three
timesduring 1991, achangefrom previous surveysthat were
conducted only onceper year. Each observationinthescreen-
ing survey includes a weight that reflects the number of
peopleinthegeneral population represented by that observa-
tion. Several adjustments were made to this weight in the
detailed survey, including one to account for the
overrepresentation of nonconsumptive participants in the
second phase sample. The nonconsumptive portion of the
survey contains 22,723 observations. These observations
represent 76.1 million people, or the 40% of the popul ation of
the United Statesin 1991 who participated in residential and
nonresidential nonconsumptive wildlife recreation.

Empirical Model

Although the demand for a site or experience may be
modeled as aggregate or market demand, the most common
practice isto estimate demand at the level of the individual
andto calculateaggregateval ueasthesum of theindividual s
values (Freeman 1993, p. 445). Vaue is usually approxi-
mated by consumer surplus, whichistheintegral of the area
beneath the individual’ s demand curve and above the price.
Inlieu of anidentifiable market price, average trip expendi-
tureisused. AsFreeman (1993, p. 456) shows, thismodel has
been extended wherein all observationsto multiple sites are
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modeled with a single equation. Using the same approach,
Rockel and Kealy (1991) werethefirst to estimate anational
TC model of the demand for nonconsumptivewildlife recre-
ation. Theconceptual model usedinthisstudy iscomparable
in that one equation is used to estimate the national demand
for recreation trips. The general specification of demand for
recreation tripsis:

Yij = f(Cij,Sj,R,Dj) (1)

where'Y;; isthe number of trips by theith individual to state
iy Cij isthecost of ithindividual’ stripto statej including time
cot, §; istheithindividual’s substitute variables including
costs of alternate activities in state j and cost of
nonconsumptive recreation in alternate states, R isresource
supply information for statej, and D; isavector of socioeco-
nomic variables for individual i.

The dependent variableisthe number of tripstaken by an
individual to agiven statefor the primary purpose of observ-
ing, feeding, or photographing wildlife. Due to data limita-
tions, the procedure used by Rockel and Kealy (1991) is
followed, wherein destinations are aggregated to the state
level. Because some respondentstook tripsto more than one
state, tripsto additional states are counted as separate obser-
vations.

Rockel and Kealy (1991) model participation using linear
and semilog functional formsof Heckman and Cragg models,
which correct for sample selection bias. Since their study
however, count data models have become the standard in
recreation demand estimation (Creel and Loomis 1990, Yen
and Adamowicz 1993). These modelsaccount for theinteger
nature of trips by modeling the number of trips taken as a
result of a series of discrete choices. Thus, they account for
distributions that are discrete and nonnegative. Ordinary
|east squares|eadsto biasunder these conditions (Hellerstein
1991). Hellerstein and Mendel sohn (1993) state that, “ given
their strong econometric properties and sound theoretical
foundation, in many circumstances count models should
become the model of choice.” An advantage of count data
models listed by Windelmann (1994) is that they naturally
account for heteroskedasticity and the skewed distributions
of nonnegative data.

Negative binomial and Poisson count data models are
considered for this study. The choice between negative
binomial and Poisson models is based on the presence of
overdispersion in the data. Following Y en and Adamowicz
(1993), the negative binomial probability distribution can be
represented as:

P(Y =iy =012..) =
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where); =exp (B, C;, S, R, D;), Bisavector of coefficients,
I" represents the gamma function, a is the over-dispersion
parameter, the expected value, E(Y;), isA; , and the variance,
Var(Y;) is A; (1 + a})). An asymptotically significant a
indicates the presence of overdispersion, making the nega-
tive binomial model appropriate. When the overdispersion



parameter o iszero, both E(y;) and Var(y,) areequal toA;, and
the Poisson model is appropriate (Yen and Adamowicz
1993).

When the data come from a truncated distribution, the
mean function of the count datamodel ismisspecified. Creel
and Loomis (1990) state that using an untruncated estimator
on truncated data will result in “biased and inconsistent”
parameter estimates. When the data are truncated, the prob-
ability distribution appliesonly tovaluesabovezero. Grogger
and Carson (1991) present count models for truncated data.
A zero-truncated negative binomial probability distribution
is represented as:

P(Y =yi;y =123..) =
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Truncated estimators may be appropriate when the objec-
tiveisto estimate economic valuefor aknown group of users
(Loomiset al. 1991). However, truncated estimators may not
beappropriatewhen the goal of the study isto extrapolatethe
demand to the general population because nonparticipants
may not have the same demand parameters as participants
(Hellerstein 1991). In atravel cost study of big game hunting
in Canada, Yen and Adamowicz (1993) compare truncated
estimators based on truncated data and untruncated estima-
tors based on untruncated data collected from bighorn sheep
license holdersin Alberta. They find much larger consumer
surplus estimates with wider confidenceintervalsfrom their
truncated estimators. They suggest that the cost of collecting
additional information on nonparticipants may berelatively
small compared to the benefits of more accurate and precise
economic value estimates that untruncated models provide.

Survey respondentsto thenonconsumptivewildliferecre-
ation portion of the FHWAR can beclassified into one of two
groups, tri ptakersand those choosing not to. Thosenot taking
trips are residentia wildlife consumers only (i.e., they ob-
serve, photograph or feed wildlife, or maintain natural areas
or plantings specifically for wildlife within 1 mi of their
home). However, they are assumed to be part of the relevant
population for potential participation in nonresidential ac-
tivities. Those who are neither trip takers nor residential
wildlife consumers are not considered as potential market
entrants. An untruncated estimator is applied to the entire
data set (trip takers and nontrip takers) to estimate a travel
cost demand function from which consumer surplus can be

derived. Alternatively, a truncated estimator is used to esti-
mate a demand function for the portion of the data set
consisting of only nonresidential participants (trip takers).
This comparison allows testing whether Yen and
Adamowicz’ sresults are generalizable.

Independent Variable Construction

Variablesincludedintheanalysisarelistedin Tablel1. The
cost of atripisconstructed by dividing the individua’ stotal
number of tripsinaparticular stateinto her total expenditures
in that state. Because of discrepanciesin the literature about
which trip costs to include (English and Bowker 1996), the
model is estimated with two versions of this variable. Full
cost (TRIPCOSTF) includes food, lodging, transportation,
and fees, whichinclude guidefees, accessfees, pack trip, and
equipment rental. Reduced cost (TRIPCOSTR) includeswhat
are considered the minimum necessary costs of atrip, which
are transportation costs and fees. Trip cost for those not
taking trips is the average cost for state residents of a
nonconsumptive trip in their state. This assumes that, if
nonparticipants should decide to participate, it would occur
in their home state. The specification does not account for
those who may not participate because the wildlife they
desireto view isnot located in their home state; however, it
seems more logical than arbitrarily assuming the trip would
be in another state.

The cost of atrip may also include the opportunity cost of
travel time. However, there isno consensus about the appro-
priate measure of this cost. According to Freeman (1993),
using the wage rate as a measure of time cost may not be
appropriate because some parti ci pantsdo not have the oppor-
tunity to work additional hours at that rate. A common
approachisto use somefraction of thewagerate, and several
studies have found that results are sensitive to the fraction
used (Wilman and Pauls 1987, Rockel and Kealy 1991,
Layman et a. 1996). The opportunity cost of travel timeis
calculatedinboththefull and reduced versionsof TRIPCOST
by multiplying round trip time by fractions of the wage rate.
The wage rate is obtained by dividing annual household
incomeby average annual working hours. Following Bowker
etal. (1996), threedifferent fractions(0, 1/4, and 1/2) areused
as wage multipliers. Rate of travel is another assumption
made in many travel cost studies. The rate chosen in the
literature varies. For example, Layman et al. (1996) use 60
mi/hr, Englinetal. (1996) use50 km (31 mi) per hour, Rockel
andKealy (1991) use45mi/hr, Casey et al. (1995) and Boxall
et al. (1996) use 80 km (50 mi) per hour. This study uses 50
mi/hr. Mileage, asreported inthesurvey, isthedistancetothe
location visited most often by the individual within a state.
Althoughreported expendituresarefor all tripswithinastate,
the mileage and cost of time are related only to the most
frequently visited location within a state.

Some observations displayed unusually high transporta-
tion costs. In preliminary analyses, these had a large influ-
enceontheresults. Itisassumedthat theseexcessivecostsare
due to multipurposetrips (Mendel sohn et al.1992) or record-
ing errors. Therefore, the top 5% of cost observations are
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Table 1. List of variables included in the analysis.

TRIPCOSTF Full reported expenditures plus the cost of time per trip. Cost categories include transportation,
fees, food, and lodging.

TRIPCOSTR Reduced reported expenditures plus the cost of time per trip. Cost categories include
transportation and fees.

HUNTCOSTF Full average cost of hunting in state where nonconsumptive trip was taken plus the cost of time
per trip. Cost categories include transportation, fees, food, and lodging.

HUNTCOSTR Reduced average cost of hunting in state where nonconsumptive trip was taken plus the cost
of time per trip. Cost categories include transportation and fees.

FISHCOSTF Full average cost of fishing in state where nonconsumptive trip was taken plus the cost of time
per trip. Cost categories include transportation, fees, food, lodging, bait and ice, and boat
rental, launching, mooring, storage, maintenance, insurance, and fuel.

FISHCOSTR Reduced average cost of fishing in state where nonconsumptive trip was taken plus the cost of
time per trip. Cost categories include transportation, fees, bait and ice, and boat rental,
launching, mooring, storage, maintenance, insurance, and fuel.

SUBCOSTF Full average cost of trip (reported expenditures and time cost per trip) to alternate states. Cost
categories include transportation, fees, food, and lodging.

SUBCOSTR Reduced average cost of trip (reported expenditures and time cost per trip) to alternate states.
Cost categories include transportation and fees.

HUNT 1 if has ever hunted; 0 otherwise.

FISH 1 if has ever fished; 0 otherwise.

INT HUNT Interaction term; HUNT * HUNTCOST.

INT FISH Interaction term; FISH * FISHCOST.

INT HUNTTRIP  Interaction term; HUNT * TRIPCOST.

INT FISHTRIP Interaction term; FISH * TRIPCOST.

SUPPLY Acres of forest and rangeland per capita in state trip was taken.

INCOME Household income in thousands of dollars.

AGE Individual's age in years.

AGESQ Age squared in hundreds of years.

RACE 1 if white; 0 otherwise.

URBAN 1 if lives in an urban area; 0 otherwise.

deleted. Because they assume automobiletravel inthe calcu-
lation of time cost, Rockel and Kealy (1991) focus on the
contiguous United States to avoid erroneous calculation of
time cost for visitsto Alaskaand Hawaii. Automobile travel
is assumed in the calculation of time cost in this study.
However, inspection of thedatareveal sthat reported mileage
for trips in Alaska and Hawaii, by nonresidents of those
states, was not inordinately high. It seems visiting nonresi-
dents distinguish specific trips for wildlife viewing as a
separate part of their tripto Alaskaor Hawaii. High mileages
do occur throughout thedataset, which may call into question
the assumption of automobile travel. Further, as Smith and
Kopp (1980) point out, asdistancetraveledtoarecreation site
increases, it may be morelikely that recreationists aretaking
trips for more than a single purpose and taking longer trips.
Thus, the top 5% of mileage observations are also deleted.
Thisprocedure follows Hellerstein (1991) and Bowker et al.
(1996), who del eted observationsover 1,000 road milesfrom
their study areas in an attempt to avoid respondents on long
multipurpose trips. The adjusted datainclude 20,699 obser-
vations, of which 3,799 are from respondents taking tripsto
more than one state.

Rockel and Kealy (1991) provide evidence that hunting
may substitutefor nonconsumptivewildliferecreation. Walsh
etal. (1992) usethecross-priceof hunting andfishingintheir
logit model predicting nonconsumptive wildlife trips. Both
coefficients are positive, but neither is significant. Hay and
McConnell (1984) find some evidence that nonconsumptive
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wildlife recreation and hunting are complements. This study
includes the statewide average of hunting and fishing costs
per trip in the state where the nonconsumptive trip was taken
or, in the case of nonparticipants, in their state of residence.
If thenonconsumptivetripwasintheindividual’ shomestate,
then hunting and fishing cost is the average trip cost for a
resident of that state. If the nonconsumptive trip was outside
the individual’ s home state, then hunting and fishing cost is
the average nonresident trip cost.

The variable HUNTCOSTF includes expenditures on
transportation, food, lodging, and equipment rental, as well
as fees for guides, pack trips, and access. FISHCOSTF
includes the same categories as HUNTCOSTF as well as
expenditures on bait and ice, and boat rental, launching,
mooring, storage, maintenance, insurance, and fuel. To re-
main consistent with the variables TRIPCOSTF and
TRIPCOSTR,HUNTCOSTRIincludesexpendituresontrans-
portation, equipment rental, and fees. FISHCOSTR includes
the same categories as HUNTCOSTR, adding boat costs,
bait, and ice. Hence, the full costs for hunting, fishing, and
nonconsumptive recreation include all cost categories avail -
able, and the reduced costsinclude all cost categories except
food and lodging. Opportunity cost of time is included in
HUNTCOST and FISHCOST similarly to TRIPCOST, asa
fraction of the wage rate (0, 1/4, or 1/2). The models are
estimated with consistent assumptions about all cost compo-
nents. For example, if TRIPCOSTR isused with opportunity
cost of time calculated at one-quarter the wage rate, then



HUNTCOSTR and FISHCOSTR are al so used with opportu-
nity cost of time at one-quarter the wage rate.

Because the majority of people do not hunt and many do
not fish, previousresearch forcing hunting and fishing prices
into nonconsumptive recreation demand equations could be
subject to specification bias. Knowledge of the respondents’
previous hunting and fishing activities can be used to better
account for substitution possihilities. To avoid forcing hunt-
ing andfishing assubstitutesfor thosewho havenever hunted
or fished, and are therefore assumed unlikely to do so,
dummy variablesindicating whether aperson hasever fished
(FISH) or hunted (HUNT) are included in the model along
withtheinteractionterms (INT HUNT and INT FISH). This
construction allows ahunting trip to be apotential substitute
for anonconsumptivetrip only for current or previous hunt-
ers, and afishing trip asapotential substituteonly for current
or previous anglers.

TheHUNT and FISH variables can be used to create price
interaction terms allowing price response to vary across
groups(Bowker and Leeworthy 1998). Here, INT HUNTTRIP
isaninteraction term of HUNT with TRIPCOST that allows
the slope of the travel cost relationship, and consequently
price elasticity and consumer surplus, to vary between hunt-
ersand nonhunters. A fishinganaloguecalled INT FISHTRIP
isalso created.

Another potential substitute is nonconsumptive recre-
ation at other locations. To account for this, the average cost
of nonconsumptiverecreationtripstoalternatestatesweighted
by number of tripsis used. For those who took atrip to only
one state, the substitute cost used isthe average cost of trips
from their state of residence to all states except the one
visited. It is assumed that nonparticipants would first take a
trip in their home state. The substitute cost used for nonpar-
ticipants is the average cost of trips from their state of
residence to other states. This substitute cost variable is
consistent with the other cost variablesin that it includesfull
and reduced cost definitionsand the opportunity cost of time.
SUBCOSTF includes the same cost categories as
TRIPCOSTF, and SUBCOSTR includes the same cost cat-
egories as TRIPCOSTR.

There is support in the literature for including resource
availability in modeling nonconsumptive wildlife recreation
trips (Rockel and Keay 1991). The variable SUPPLY is
defined asacresof forest and rangeland per capitainthestate
where the trip was taken. Powell et al. (1993) define forest-
land aslandthatis” at |east 10% stocked by forest treesof any
size, and land that formerly had such tree cover and will be
naturally or artificially regenerated.” Rangeland is land on
whichthe" nativevegetationispredominantly grasses, grass-
likeplants, forbs, or shrubs. Thisincludesnatural grasslands,
shrublands, savannas, most deserts, tundra, al pine plant com-
munities, coastal marshes, and wet meadows, and many
riparian types.” This supply measureis crude and is limited
by the fact that it does not include ocean shore. It is further
limited in that the heterogeneous nature of various habitatsis
not accounted for. However, it doesinclude coastal marshes,
wet meadows, and many riparian types, and it representsthe
best available data given the national scope of this study.

Additional variablesthat may be demand shiftersare also
included. Household income (INCOME) isincluded and is
assumed rel evant for the decisionsof all household members.
Household income is commonly used in travel cost and
outdoor recreation participation studies(Y enand Adamowicz
1993, Walsh et al. 1992, Casey et al. 1995). Following Hay
and McConnell (1979) and Rockel and Kealy (1991), AGE
and age squared (AGESQ) are included in the model to
account for anonconstant marginal change over therange of
thevariable. The binary variable RACE isincluded to deter-
minetheeffect of race on nonconsumptiverecreation partici-
pation. Asthe urban or rural character of respondent’s loca-
tion of residence may influence participation, URBAN is
included as an intercept shifter that indicates whether a
respondent resides in an urban or rural setting.

Model Estimation Results

Results for the truncated and untruncated models with
TRIPCOSTR (transportation and fees) and time valued at
25% of the wage rate are reported in Table 2. The negative
binomial model was chosen over the Poisson model because
the data exhibit overdispersion based on an asymptotic t-test
of the dispersion parameter. In the untruncated case, only
INT HUNT is not significant at the 0.05 level, while the
remaining variables are significant at the 0.01 level. Most
coefficientshave signsthat agreewith expectations, support-
ing an inverse relationship between TRIPCOSTR and hum-
ber of trips. The coefficient for AGE is positive, while the
AGESQ coefficient is negative. In this model, participation
riseswith age up to acertain point whereit beginsto decline.
The coefficients for URBAN and RACE are negative and
positiverespectively. Thosewholiveinurbanareasarelikely
to take fewer trips than others, and whites are likely to take
more trips than nonwhites. These coefficients for URBAN
and RACE retain their signsand significancein thetruncated
case. The positive coefficient for SUPPLY in both models
indicates that a decrease in forest and rangeland per capita
will result in a decrease in trips. This finding is consistent
with the notion that congestion dampens demand for outdoor
recreation.

The untruncated income coefficient is negative and sig-
nificant, which contradicts theory. However, many travel
cost studies have found negative or insignificant income
coefficients (Creel and Loomis 1990, Rockel and Kealy
1991, Yen and Adamowicz 1993). One explanation posited
for thisresult isthat higher income groups have lesstime to
engageinrecreation (Boxall etal.1996). An additional expla-
nation may be atwo-stage decision-making process. That is,
thecoefficient for INCOME inthetruncated model issignifi-
cant at the 0.1 level and positive as expected because IN-
COME may have a different impact on the frequency and
participation decisions. The same explanation may be pos-
ited for the coefficients of the AGE and AGESQ variables,
which also have different signs in the two models, though
AGE is not significant in the truncated case. Older people
may beretired and have more availabletime, so once becom-
ing participants, they take more frequent trips.
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Table 2. Model estimation results.

Untruncated (n = 20,699)

Truncated (n = 10,303)

Variable Coefficient t-ratio Mean Coefficient t-ratio Mean
TRIPCOSTR -0.775E-02  -5.610 13.95 -0.246E-01  -35.391 19.02
INT HUNTTRIP -0.640E-02  -2.778 6.31 —0.522E-02 -4.812 9.24
INCOME -0.236E-02  -4.336 38.06 0.106E-02 1.672 39.48
AGE 0.1190E-01 3.375 42.16 —0.776E-02 -1.446 38.74
AGESQ -0.284E-01 -8.365 20.35 0.164E-01 2.737 16.95
URBAN -0.206 -7.907 0.25 -0.142 -4.579 0.25
RACE 0.411 10.931 0.94 0.289 4.181 0.96
SUPPLY 0.131E-02 3.295 23.05 0.182E-02 6.784 29.20
HUNT 0.655 20.324 0.42 0.523 13.629 0.48
FISH 0.152 5.276 0.77 0.232 6.512 0.82
INT HUNT -0.133E-02  -1.838 12.11 —0.124E-02 -4.754 19.76
INT FISH 0.396E-02 5.935 20.15 -0.395E-02 -11.371 28.12
SUBCOSTR 0.492E-02 17.869 39.55 0.275E-02 12.473 48.74
Constant 0.420 4.542 0.726 5.129

o 4.993 78.210 5.631 13.597
Log-likelihood -37,930.45 —27,953.64

Chi-squared 172,631.40 93,268.96

Pseudo-R? 0.69 0.63

The coefficientsfor HUNT and FISH in both models are
positive and significant, indicating that those who have
participated in these consumptive activitiesarelikely to take
more nonconsumptive trips than those who have not. INT
HUNTTRIP s coefficient is negative and significant in both
models, which indicates a difference in the effect of cost on
trip demand between huntersand nonhunters. INT FISHTRIP
was found to be insignificant in preliminary analysesand is
left out of the reported model. In the untruncated case, the
coefficientfor theinteractiontermof HUNT andHUNTCOST
is negative and significant while the FISH and FISHCOST
interaction term’ s coefficient is positive and significant. For
current or previous hunters, there is a complementary rela-
tionship between hunting trips and nonconsumptive trips,
and for current or previous anglers, fishing trips serve as a
substitute for nonconsumptive trips. This complementary
relationship between hunting and nonconsumptive use may
beexplainedin part by the common categoriesof expensefor
hunting and nonconsumptive trips. For example, the per trip
cost for both activities includes expenditures on transporta-
tion. Presumably, if the cost of gasrisesfor ahunting trip, it
risesfor a nonconsumptive trip aswell. Moreover, although
the survey informs hunters not to count a“ scouting trip” asa
nonconsumptive outing, there remains the possibility that
hunters do include scouting trips. Likewise, hunters often
observe nongame wildlife during a hunting trip. Thus, the
complementary relationship may be a function of hunters
taking fewer scouting trips or combining hunting and
nonconsumptive activitiesastheir per trip cost rises. Fishing
and nonconsumptive trips share the same common costs as
hunting and nonconsumptiverecreation, but thereare several
other categories, including boat costsand bait, that areunique
to fishing. Thus, the cost of afishing trip can rise with little
or no effect on the cost of a nonconsumptive trip. This may
explainwhy asubstituterelationshipisfound here. However,
inthetruncated case INT HUNT and INT FISH are negative
and significant; hunting and fishing are complementary ac-
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tivities to nonconsumptive recreation. This change in
fishing’s status could again be due to some difference in
the participation and frequency deci sion-making processes.
The relationship between fishing and nonconsumptive
recreation may differ between active nonconsumptive
participants and those who do not currently participate.
Another explanation is that fishing can generally be done
for longer periods during the year while big and small
game hunting usually have relatively short seasons. Fi-
nally, SUBCOSTR’s coefficient is positive and signifi-
cant in both models, which supports a substitute relation-
ship between trips to alternate states. As the cost of a
nonconsumptive trip to alternate states increases, indi-
viduals increase their tripsin the primary state.

Consumer Surplus Estimates

Consumer surplusis awidely accepted measure of net
social benefit (Pearse and Holmes 1993). It represents the
difference between individual willingness to pay and ac-
tual expenditure for agood or service. Summing this over
the entire population yields aggregate consumer surplus.
When using TC models, consumer surplus is obtained by
calculating theintegral abovetheaveragetrip expenditure
and bel ow the estimated demand function. With count data
models, the procedure most often used is to calcul ate per
trip consumer surplus (Creel and Loomis 1990). The per
trip measure can be multiplied by the estimated number of
tripsin ayear to obtain the aggregate consumer surplus of
access to a given site or sites, in general or for a specific
activity. Following Yen and Adamowicz (1993), the for-
mulas to estimate per trip consumer surplus for the base
case (nonhunters) and its variance are respectively:

Point estimate (CS) = —(Brc) ™" 4

var(C9) = var(Bre) / Brc*. (5)



where 3 isthe estimated travel cost coefficient, and CSis
the consumer surplus per trip.

By allowing the slope of the travel cost relationship to
vary between hunters and nonhunterswith the slopeinter-
action term (INT HUNTTRIP), an estimate of per trip
consumer surplus for hunters and its associated variance
may be derived as:

Point estimate (CSH) = —Brc +Binr) "

var(CsH) = var(Brc) + var(Binr) +2cov(Brc. Bint) (6)
(Brc +Binr)*

where 31 is the estimated coefficient on the slope interac-
tion term for hunters, and CSH is the consumer surplus per
trip for hunters. Application of these formulas to the results
inTable2yieldsaper trip surplusof $129for nonhuntersand
$71 for hunters in the untruncated model, and $41 for
nonhunters and $34 for hunters in the truncated model. A
lower surplus for hunters taking a nonconsumptive trip may
be due to the complementary relationship between hunting
and nonconsumptive recreation. Nonconsumptive activities
can be integrated with hunting trips.

The modelsin Table 2 represent the base scenario from
which modeling assumptions are altered to compare their
effects on surplus estimates. Additional models with
TRIPCOSTR and TRIPCOSTF are estimated with differ-
ent opportunity costs of time. Resultsfor these modelsare
not reported here, but the per trip surplus results and
standard deviations from all the models are reported in
Table 3. The wage rates listed are the fractions used to
estimatetheopportunity cost of time. Again, TRIPCOSTR
includes fees and transportation expenditures, while
TRIPCOSTF includes fees and transportation expendi-
tures, as well as expenditures on food and lodging. As
expected, the use of TRIPCOSTF yields higher surplus
estimates. Full cost yields an average of approximately
twicethat of reduced cost. Altering the opportunity cost of
time leads to similar results. A one-half wage rate model
with reduced cost yields an average three times the con-
sumer surplus of the zero wage rate model with reduced
cost, and a one-half wage rate model with full cost yields

an averageoneand ahalf timesthe consumer surplusof the
zero wage rate model with full cost.

An important note is the comparison of the truncated and
untruncated results. The consumer surplusestimatesfromthe
truncated models are on average less than half of the esti-
mates from the untruncated models. This contradicts the
finding of Yen and Adamowicz (1993), in which surplus
estimates from truncated models exceeded those from their
untruncated counterparts by a factor of three. The standard
deviations of these estimates in the present study exhibit the
samethreetrendsasthe surplusestimates. Truncated models,
lower time costs, and reduced out-of-pocket trip costs result
insmaller standard deviations. Thelargest differenceappears
between truncated and untruncated models. Yen and
Adamowicz (1993) find much larger standard deviationsin
their truncated models.

Aggregate consumer surplusisobtained by multiplying
the per trip estimate for hunters and nonhunters by their
respective number of trips taken in the United States in
1991, whichis 138,400,000 for nonhuntersand 130,380,000
for those who hunt or have hunted in the past. These
numberswere cal cul ated by multiplying the average num-
ber of tripstaken by nonhuntersand hunters by the number
of peoplein each group respectively. The aggregate con-
sumer surplus from the untruncated, reduced cost, 25%
time cost model is 27.1 billion dollars. This estimate
accounts only for recreation access more than 1 mi from
the home, includes only those 16 yr or older, and includes
only tripswherethe primary purpose wasnonconsumptive
wildlife-associated recreation. Depending on model as-
sumptions, the aggregate estimate ranges from 5.8 to 66.4
billion 1991 dollars.

Rockel and Kealy (1991) estimate arange of consumer
surpluses from 12.9 to 271.9 hillion in 1991 dollars. The
majority of thisvariability is attributed to different func-
tional forms. In a contingent valuation study using data
from the 1991 FHWAR, Boyle et al. (1994) report eco-
nomic value by state asthe mean value per participant per
year. Aggregating these state values over the number of
participants and summing across states yields an aggre-
gate estimate of 13.3 billion 1991 dollars. Thisestimateis
within the range found in this study.

Table 3. Consumer surplus per nonconsumptive trip in dollars under differing modeling assumptions.

Untruncated Truncated

Estimate SD Estimate SD

Reduced tripcost
0 wage rate Hunters 37.4 12.1 18.7 1.5
Nonhunters 63.2 9.7 24.4 0.8
1/4 wage rate Hunters 70.6 23.0 33.6 2.4
Nonhunters 129.0 23.0 40.7 1.1
1/2 wage rate Hunters 121.4 39.6 60.2 44
Nonhunters 227.2 47.0 72.3 2.2

Full tripcost

0 wage rate Hunters 109.2 35.7 59.3 54
Nonhunters 218.4 38.9 72.6 2.5
1/4 wage rate Hunters 128.7 40.2 67.2 54
Nonhunters 262.2 46.2 84.4 2.6
1/2 wage rate Hunters 161.6 48.2 83.9 6.2
Nonhunters 327.5 59.0 106.7 3.1
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Conclusions

Datafrom the 1991 National Survey of Fishing, Hunting,
and Wildlife-Associated Recreation are used with count data
travel cost methods to estimate demand and consumer sur-
plus, per trip and in aggregate, for nonconsumptive wildlife-
associated recreation access. The sensitivity of theresultsto
anumber of unresolved methodological assumptionsis also
explored. Aggregate consumer surplus for nonconsumptive
wildlife recreation access in 1991 varies from 5.8 to 66.4
billion dollars depending on modeling assumptions. This
compares to 13.3 hillion 1991 dollars in the Boyle et al.
(1994) contingent valuation study, and a range of 12.9 to
271.9 billion 1991 dollars in the Rockel and Kealy (1991)
study. With knowledge of the range and the rational e behind
the range, policy makers can use their judgment asto which
range of values and set of assumptions to accept when
formulating policy.

Nonconsumptive wildlife recreation is a popular policy
issue. Congress passed the Fee Demo Program in 1996 to
assess the feasibility of paying for recreation programs on
federal lands with user fee receipts. The Conservation and
Reinvestment Act of 1999 is being considered as ameans of
providing funding for nongame wildlife conservation, edu-
cation, and recreation. This study provides information use-
ful in considering current legislation, such as an assessment
of the Fee Demo Program, as well as consideration and
drafting of future legislation. From a management perspec-
tive, monetary measures of nonmarket benefits such as con-
sumer surplus assist in defining the tradeoff between alter-
nateresource outputs. For example, increased timber produc-
tionon national forestsmay imposealoss(or gain) inwildlife
viewing opportunities. Per trip estimatesof consumer surplus
fromthisstudy alongwith projected changesin visitation can
beused asafirst approximation of thenonmarket benefitslost
(or gained) by nonconsumptive wildlife recreationists from
such management choices. In addition, the per trip consumer
surplus may be useful as a baseline estimate for local or
district forest managers who do not otherwise have accessto
such information.

Whiletheusual caveatsof applying national model results
to specific areas apply, results related to a number of socio-
economic variables should be of interest to resource manag-
ersand planners. Raceisasignificant predictor of trips. This
result, that whites take more nonconsumptive wildlife recre-
ation tripsat agiven price than nonwhites, is consistent with
existing literature. It suggeststhat, without changesin tastes
and preferences, simply increasing the provision of
nonconsumptive wildlife recreation opportunities on forest
and rangeland is unlikely to increase the diversity of forest
users. Dwelling in urban areas is also a significant predictor
of trip-taking behavior. Results show that, even after ac-
counting for other factors including price and race, urban
dwellers take fewer trips for nonconsumptive wildlife asso-
ciated recreation than do their suburban and rural counter-
parts. Hence, if managers are interested in increasing the
proportion and frequency of urbanites in forest recreation,
creating nonconsumptive wildlife recreation opportunities
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may be less effective than creating other types of recreation
opportunities.

The cost of hunting and fishing isincluded in the analysis
to account for possible substitute activities. In addition, slope
and intercept shiftersindicating whether aperson has hunted
or fished in the past are included. In thisway, the interrela-
tionship of different outdoor activitiesmay vary for different
classes of participants. This study finds that those who
currently or previously participated in consumptive wildlife
activities such as hunting and fishing are likely to take more
nonconsumptivetripsthan thosewho havenot. Further, there
is a complementary relationship between hunting and
nonconsumptive recreation, and a substitute relationship
between fishing and nonconsumptive recreation in the
untruncated case. In the truncated case, the relationship
between fishing and honconsumptive recreation changes to
complementary. These interconnections between outdoor
activities have important management implications because
a management action to increase or improve one activity is
likely to affect other activities as well. Finally, there is a
difference in consumer surplus between hunters and
nonhunters, whichisconsistent acrossall models. Thelower
consumer surplusper trip for hunters may be because hunters
are able to include nonconsumptive activities as part of a
hunting trip.

This study directly compares surplus measures from
untruncated and truncated count data models applied to
untruncated and truncated data respectively. Yen and
Adamowicz (1993) find different consumer surplus esti-
mates using truncated and untruncated models in a small
sample of hunters, with truncated estimators yielding the
larger estimates. This study also finds inconsistencies be-
tween truncated and untruncated model s, although truncated
estimators yield smaller consumer surplus estimates. This
would suggest that caution isnecessary when using truncated
models, and that the difference in surplus estimates may be
positive or negative. It can be difficult and expensive to
determine arelevant popul ation and sample nonparticipants,
but as Y en and Adamowicz state, the cost of gathering extra
datamay beworththeeffortintermsof moreaccuratesurplus
estimates. They also state that this would provide more
precise surplus estimates. Results from the present study
show truncated models may provide smaller consumer sur-
plus variances.

Standard untruncated count data models do not com-
pletely address frequency and participation decisions (Haab
and McConnell 1996). Participation levels are zero for indi-
viduals who have not participated over the study’s time
horizon and for those who have chosen never to participate.
This study treats the relevant population of nonparticipants
(i.e., residential participants) as potential trip-takers whose
current level of tripsis zero. A potential avenue for future
research with travel cost modelsis zero-inflated count data
models, which account for thistwo-stage decision process of
whether, and then how much, to participate.

In spite of advances in statistical models that account
for the integer nature of trip-taking behavior, this study
demonstrates that demand models and resulting consumer



surplus estimates remain sensitive to researcher-imposed
assumptions. Incorporating count data models which ac-
count for truncation would al so appear to havelimitations.
Truncated estimators may work well for a subpopulation
of users, but extrapolating results to larger populations
containing potential users appears risky at best. Regard-
less of the statistical model, results remain susceptible to
large fluctuations based on relatively arbitrary assump-
tions. Estimates using all available components of cost
(full cost) are approximately twice as much as estimates
using only transportation and access fees. This is an
important result becausethere are no standard components
of the cost variable. The results are also sensitive to the
definition of the opportunity cost of time. With no univer-
sally accepted guidelines for the incorporation of the
opportunity cost of travel timeinto the model, researchers
must make their own assumptions on acase by case basis.

These findings have serious implications about the
reliability of consumer surplus estimates from travel cost
studies. Neverthel ess, these model s continue to be used to
value nontimber productsof forests, particularly related to
recreation use (e.g., Englin et al.1996, Sarker and Surry
1998, Boxall et al. 1996). Large fluctuationsin estimated
nonmarket values are important when decisions based on
required benefit/cost analyses could be reversed because
of arguable assumptions. While thereis aneed for resolv-
ing the definitional ambiguity of the travel cost variable
and opportunity cost of time, theseissuesremain problem-
atic after roughly 30 yr of travel cost demand modeling.
Such problems make it all the more important that re-
searchers be explicit regarding modeling assumptions and
the resulting sensitivities of parameter and benefit esti-
mates to these assumptions.
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