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The Travel Cost Demand Model as an
Environmental Policy Assessment
Tool: A Review of Literature

Frank A. Ward and John B. Loomis

Estimates of the benefits of environmental improvement, usually a nonmarket
commodity, can be a valuable part of the information base for economically efficient
environmental decision making. The objective of this paper is to review the literature
of one class of nonmarket valuation methodologies based on observed consumption
behavior subsumed under the term "travel cost demand models." Relative to travel
cost demand models, we examine policy issues and underlying concepts focusing on
choice theory and welfare evaluation. In addition, we identify major related empirical
issues including demand specification, data problems, demand estimation, and welfare
measurement. Unanswered questions may contribute to a research agenda.

Key words: environmental policy, recreation benefits, travel cost model.

The continued demand for environmental
quality as manifested by outdoor recreation
participation coupled with reductions in fund-
ing for resource management increases the im-
portance of obtaining defensible measures of
relative economic value by public resource
managers. To allocate resources efficiently in
the economic sense, managers require infor-
mation on relative values and costs of recre-
ational outputs and resource inputs, respec-
tively. Outdoor recreation resources values are
not directly observable in the marketplace.

Some economists (Freeman; Smith 1984;
Feenberg and Mills) prefer the resource val-
uation methodology used for nonmarket goods
be based on observed consumption behavior.
One such class of nonmarket valuation meth-
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odologies has been subsumed under the gen-
eral term travel cost demand models (TCM),
in which a recreationist is viewed as choosing
one or more sites, site qualities, and site visit
rates based in part on relative travel costs from
home to each site.

Federal agency planning standards continue
to assign importance to economic efficiency as
a natural resources policy objective. With the
publication of the U.S. Water Resources
Council's "Economic and Environmental
Principles and Guidelines for Water and Land
Related Resources" (1983), economic efficien-
cy became the sole objective. TCM is one of
two officially sanctioned approaches (the other
being contingent valuation methods, reviewed
in Schulze, d'Arge, and Brookshire; and in
Cummings, Brookshire, and Schulze) for mea-
suring efficiency benefits for federally financed
outdoor recreation investments. Thus, agency
economists, planners, and researchers who
need to keep up with the recreation demand
technology may wish access to the fundamen-
tal concepts, procedures, and terminology as-
sociated with the rapidly proliferating TCM
literature.

The objective of this paper is to review the
literature on the travel cost methodology. To
meet that objective, the paper is divided into
five parts, including this section. In the second
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section, we identify a range of policy issues
which have been or could be addressed through
use of TCM models. Third, we examine con-
cepts which underlie TCM models with a focus
on choice theory and welfare measurement.
Fourth, we examine some major empirical is-
sues which have been confronted by TCM re-
searchers, with a special focus on demand
specification, data problems, demand esti-
mation, and welfare measurement. Finally,
conclusions are presented. Throughout the pa-
per it is hoped that unanswered questions will
contribute to a research agenda.

We do not pretend to quote and summarize
all contributions of the last fifteen years. For
example, we leave largely untouched impor-
tant recent developments in "household pro-
duction models" (Bockstael and McConnell
1981) and "hedonic travel cost models" (Men-
delsohn and Brown). Furthermore, the scope
of our review is limited to conceptual and
methodological developments with less em-
phasis on measured recreational values per se
(Sorg and Loomis).

Policy Issues

Management Choices

There are a variety of resource management
issues for which TCM has been applied. Three
such classes of policy issues have emerged. First
is the existing value of recreation from the
availability of a particular single recreation site.
This value is often needed to identify the rec-
reation benefits lost if project X or land use
policy Y is adopted (Clawson and Knetsch).
Second is the benefit (benefit foregone) if a
single site's environmental quality is improved
(reduced). With the reduction of federal and
state resource management budgets, this sec-
ond policy issue is likely to be more important
than in the past, which commonly saw the
opening up of entirely new sites (Mendelsohn
and Brown; Vaughan and Russell). Third is
the benefit gained (lost) from a wide range of
pricing or environmental quality policies di-
rected at systems of multiple sites. This last
class probably has always been the most im-
portant to policy makers, but because of the
high costs of data gathering and analysis, it has
received the least attention from TCM prac-
titioners (Burt and Brewer; Cicchetti, Fisher,
and Smith).

Economic Criteria for Environmental
Management

In examining the TCM literature, one might
come to the conclusion that the major eco-
nomic criterion used by government agency
decision makers when evaluating recreation site
improvement is that which is measured by the
TCM, namely the direct on-site recreation
benefit which accrues to the site user. Not so.
Even if one accepts the value judgment that
the relevant objective function is national (or
regional) economic efficiency, four compo-
nents could be included in that efficiency: (a)
direct on-site recreationist benefit, (b) benefits
accruing to off-site users such as option or ex-
istence values, (c) revenues accruing to the
managing agency from entrance fees, and (d)
the net gain in regional income derived from
on-site visitor expenditure. Although this pa-
per will follow traditional TCM lines by fo-
cusing exclusively on the first component; in
fact, a state agency may care very little about
any of the first three but have great interest in
the last, particularly where a recreation site
contributes materially to a region's export base.

Concepts: Choice Theory and
Welfare Measurement

The earliest conceptual basis of the TCM is
found in Hotelling (1949). It was later refined
by Clawson; Clawson and Knetsch, and many
others. These authors point out that, while a
lack of (variation in) site fees precludes direct
estimation of a demand schedule for a site, the
typically large variation in travel costs across
visitors to a site does permit one to trace out
a demand schedule if consumers would react
to higher entrance fees the same way they do
to higher travel cost (Dwyer, Kelly, and Bowes).

Following Bishop and Heberlein, we take
the focal point of analysis to be the recreation
participation rate (r) of the ith consumer (i =
1, .. , n) at thejth site (i = 1, ... , m), sym-
bolized by ri, measured as recreational trips
per year. For any given jth site, visits to alter-
native sites are taken to be imperfect substi-
tutes.

Demand functions for ordinary priced goods
can be derived from neoclassical utility theory
(e.g., Henderson and Quandt). Similarly, a de-
mand function for each site in a system of"m"
multiple recreation sites can be identified. De-
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fine minimum dollar cost per trip (including
only expenses which would be avoided with-
out the trip) as di, and total time required for
a trip to site j as ti. Assume that all trips to
the jth site are for the sole purpose of visiting
that site. Let yik be the quantity of the kth
nonrecreation-related good consumed by the
ith consumer, priced at pi, typically assumed
equal across all consumers. Furthermore, let
wi be the hourly wage rate and Ti work time
for the ith consumer if all available time were
spent working. The product wiTi measures what
Becker has termed full income. This may be
spent either for recreation, the prices of which
include both money costs and income foregone
or for other nonrecreational goods and ser-
vices.

Given these definitions, the ith consumer's
budget constraint can be defined as

(1) Y= pyY + rr,

where

Y= wT,
rj = dj + wtj, and

where the i index is suppressed here and
throughout the remainder of the paper unless
otherwise noted; bars over a symbol indicate
a vector, while symbols without bars are sca-
lars; Y is full income, and prj is total money
plus time equivalent cost per trip to the jth
site for the ith consumer. Thus, Pr, the site
prices, are treated in the same manner as or-
dinary prices in the ith consumer's decision
making. Typically, Prj will be different for dif-
ferent consumers, since travel distances (mon-
ey plus time costs) and opportunity costs of
time will vary by individual.

Suppose for each jth site, a measurable en-
vironmental quality index, qj, constant over
individuals can be assigned. Assume a utility
function for the ith representative recreationist
of the following form:

(2) U = U(y, ,),

where utility depends on the consumption of
the y goods, site participation rates, and site
qualities, respectively. Maximizing utility (2)
subject to the budget constraint (1) leads to a
set of ordinary demand functions for both the
y goods and r. For the jth site, the ith consum-
er's ordinary demand is

(3) ri = ri(py, Pr Y, q).

An alternative formulation of the empirical

valuation problem starts with the objective of
minimizing expenditures in (1) subject to a
utility constraint. Specifically, the minimum
expenditure for the ith consumer to reach util-
ity (U°) associated with the status quo site
prices, environmental quality levels, and in-
come is

(4) E(py, P q, U°) = min py + Pr,
subject to U - U°,

where nonrecreational related goods prices are
assumed fixed.

In addition to yielding the expenditure func-
tion defined by (2), the solution to (4) yields a
Hicksian compensated demand function for
each jth site. For the ith consumer, each jth
site's compensated demand function equals the
partial derivative of the consumer's expendi-
ture function with respect to that site's price,
i.e.,

(5) r*j p, Pr' q, U°) = dE(.)aPrj,

where r* indicates the ith consumer's com-
pensated demand function for the jth site.

Given the efficiency objective of greatest
economic value of watershed-related manage-
ment decisions, two questions of majr po-icy
significance arise. First is the consumersurmplus
lost (gained) when one or more of thie jsites
are closed (made available for use). Second is
the consumer surplus lost (gained) when a site
undergoes a change in environmental qguaity.
Both will be discussed.

Regarding site closure, observe that closing
a site is a special case of site pricing. Define
that vector of closed sites as CL. The CL vec-
tor could include any combination of elements
in the j index from the empty vector (no sites
closed) to all elements in the j index (all sites
closed).

The consumer surplus is an approximation
to the two exact welfare change measures,
compensating variation (CV) and equivalent
variation (EV). For a given vector of initial
site environmental qualities qo the ith consum-
er's CV measure of benefits lost (gained) when
the CL vector of sites is closed (made available
for use) is defined in terms of the expenditure
function as

(6) CVi = E(P, y° , U° ) - E(py° , Pr°, ° q° U°)

where os (Is) indicate initial (terminal) values.
This CVis exactly equal to the areas to the left
of the individual's (compensated) demand
function and above the current site price
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summed across all sites. Here, CVi can be in-
terpreted as the compensation that would be
required to keep the ith consumer at utility
level UO, given closure of all sites in the CL
vector.

Aggregate CV across all existing site de-
manders is given by

(7) cv= I Cv i .
i

As to the second policy issue, valuing quality
change, the expenditure function is again the
starting place. Following Freeman, the partial
derivative of (4) with respect to the jth site
quality qj gives the Hicksian-compensated in-
verse demand function, a marginal willing-
ness-to-pay function for qj,

(8) wq* = -dE(.)/aqj= E,(py, pr, t, U°).

The compensating variation to the ith con-
sumer for a nonmarginal change in the vector
of all site quality indices is

(9) CV, = E(py, Pr, q UO) - E(py, Pr, q, U°)

where for anyjth site not undergoing a quality
change, qj = qj.

Aggregating these quality-dependent bene-
fits across all consumers is found by summing
(9) over the i index.

Since the TCM typically uses observations
on price and quantity, the demand curve de-
rived is an ordinary, or Marshallian, demand
curve. When one integrates under this curve
between any two prices, the result is the Mar-
shallian consumer surplus rather than the de-
sired Hicksian CV or EV. Under conditions
described by Willig the differences between the
Marshallian and exact welfare measures, such
as in (6) may be small. For large price changes
and/or when the income elasticity of the rec-
reation site is large, formulas provided by
Hausman may in principle be applied to or-
dinary demand curves to estimate the exact
welfare measures.

The assumption that the individual faces a
constant and exogenously determined price per
trip to the site is often quite reasonable and
has been an implicit assumption of most em-
pirical TCM studies. Brown et al., Ward (1984),
and others have shown that a portion of travel
costs (and travel time) could be a choice vari-
able for the recreationist. That is, some of the
divergence between reported travel cost and
minimum travel cost related solely to distance

such as described by Brown et al. may be at-
tributable to differences in household charac-
teristics such as income, recreational tastes,
and family size.

Another major assumption made in the
above choice-theoretic framework is that the
quality of the recreation experience (e.g., site
quality) must be taken as given by the recre-
ationist. This is plausible in several recreation-
al settings. Having a better kayak does not im-
prove the river for rafting, which is determined
by nature or government agency release pat-
terns. However, in some cases the household
can significantly influence its own site quality,
within limits. It can improve its chances to
harvest fish or game animals by buying better
scopes or hiring a guide to compensate partly
for below-optimum provision of game animals
or habitat by public agencies.

The upshot of this discussion is that mea-
surement of recreation benefits under condi-
tions of exogenous quality and constant mar-
ginal costs of ,tra vel. can r ut sin
TCM,. Ifeither of the.e.se it.ins.otho.ld,
the analyst may wish to employ a more general
approach, such as the household .produ.. tio.
(HP) method (Bockstael and McConnell 1981).

Empirical Issues

Thissecton examines several empiricl issues
relatead to TCM studies iencluing (a) demand
function specification, (b) data problems, (c)
demand estimation, and (d) benefit measure-
ment.

Demand Function Specification

Econometric and theoretical questions relating
to the proper specification of demand equa-
tions are not unique to TCM studies. Excellent
reviews are found in Deaton and Muellbauer;
Johnson, Hassan, and Green; and Barton for
general commodity systems. For TCM studies
in particular three issues to be discused
definition/measurement of critical v ,ariable
theole of ubstituteb s n nci lf
sp.cified e utins.

Defintion/m ri-
ables. Much attention in TCM studies has fo-
cused on definition/measurement of two crit-
ical variables: (a) quantity and (b) price.
Quantity, or some measure of use, such as rj
in (3) is the dependent variable. Price acts both
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as a policy variable (by simulating fees and/or
closure) and a basis for measuring benefits.

(a) Quantity. Empirically measuring the
quantity or use rate variable, rj in (3), is not
as straightforward as it may seem. In fact, sev-
eral measures of quantity consumed have been
used in TCM studies. Two include visitor trips
and visitor days. McConnell (1975) suggests
that the utility maximization process implied
in the TCM requires each round trip to reflect
one unit of consumption. Alternatively stated,
the most defensible price measure is not price
per visitor day but rather price per visitor trip.
To the extent that a wide array of travel and
on-site days can be associated with one trip,
costs can be most meaningfully parcelled out
on a trip basis.

Aside from the trip/day controversy, even
if one agrees that the trip is the fundamental
individual decision unit, the correct statistical
specification of quantity is not obvious. Three
approaches to specifying quantity that have
been employed in TCM studies will be dis-
cussed: zonal methods, individual methods,
and hybrids.

An approach which has become known as
the zonal or aggregate method was employed
by Clawson and Clawson and Knetsch. The
zonal name has been coined because recrea-
tionists living at similar distances from a site
are grouped into zones (e.g., one or more con-
tiguous counties). To adjust for differences in
population sizes of the zones or counties around
the site, visits are divided by population yield-
ing visits per capita. This adjustment provides
one way to account for the effect of population
density on observed participation at a site. The
assumption associated with this zonal group-
ing is that tastes and preferences should be
similar, on average, across all the distance
zones.

An advantage of the zonal method is that
when dividing by population, the reduced rate
of participation at higher travel costs is auto-
matically accounted for. Specifically, observed
visits per capita is a product of two separate
individual decisions, namely the decision to
participate (observed as a probability of par-
ticipation) and the number of on-site visits
taken by participants. While using visits per
capita as the dependent variable accounts for
both of these effects, it does so by estimating
only one coefficient for each explanatory vari-
able (price, income, etc.) to account for both
decision processes. Recently, maximum like-

lihood techniques, such as probit, tobit, and
logit techniques, have been developed to mod-
el these two decisions independently (Mc-
Connell and Bockstael). There is still consid-
erable uncertainty about the outcome of these
developments.

One statistical problem often associated with
any sort of per capita specification occurs when
the units of aggregation (zones) have radically
different sizes of aggregation. In the TCM,
zones of origin can have populations ranging
from a few thousand to several million. This
can introduce non-constant error variance
(heteroscedasticity) into estimated demand
curves. Suggested corrections range from spec-
ifying population as an independent variable
(Knetsch, Brown, and Hansen), weighting ob-
servations by square root of population (Bowes
and Loomis), to selection of functional form
to minimize the effect of heteroscedasticity
(Vaughn, Russell, and Hazilla; Strong).

Two limitations of the zonal TCM relates
to loss of information efficiency from using
highly aggregated data and the inability to sep-
arate out the influence of travel time from trav-
el cost. In the first case, by aggregating infor-
mation on income, price of substitutes, tastes,
and preferences, much useful information that
would serve as demand shifters is often lost.
As Brown and Nawas point out, estimates of
the travel cost coefficient from zonal models
are often statistically inefficient and therefore
reduce precision on the crucial price variable
relative to use of disaggregated data.

As will be discussed in more detail, it is
important to account for the influence of travel
time in estimating the effects of price on use.
In the zonal TCM this is difficult to do because
aggregating recreationists by similar distances
tends to create a high correlation (i.e., multi-
collinearity) between travel cost and travel
time.

The individual observation TCM approach
was developed in the early 1970s, partly in
response to the above-mentioned multicollin-
earity, inability to specify shifter variables, and
loss of precision in estimators. Brown and Na-
was, and Gum and Martin developed an in-
dividual observations TCM in which quantity
consumed is defined as the number of trips
taken per year or season by each sampled in-
dividual or household. This quantity is re-
gressed on the individual's or household's
unique travel cost, travel time (or distance),
and socioeconomic characteristics. Because no
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aggregation occurs, multicollinearity is re-
duced and precision of estimators is increased.

There are two difficulties with the individual
observations approach. First, when a typical
recreationist only takes one trip a year or is
constrained to one trip a year (as in the case
of hunting unique species), it is often difficult
to estimate an individual observation TCM
demand curve because visits per season are
almost all equal to one (Freeman, p. 203). The
second difficulty is that probability of partic-
ipation as a function of distance is ignored.
The individual observation approach is a
model of the current participant's demand for
trips but will underestimate how aggregate vis-
itation would increase if a closer similar site
were added because potential recreators have
been excluded. Brown et al. have shown that
when the proportion of nonparticipants in-
creases with distance from the site, the indi-
vidual observation TCM can overstate the
consumer surplus estimates.

More recently, hybrid approaches have been
employed to combine the best features of zonal
and individual observations. Brown et al. de-
veloped a method for defining quantity which
maintains the individual observations but di-
vides each individual's trips by his share of
his zone's population. Thus, a single observed
trip from a zone of origin of 50,000 population
represents twice the effective participation as
from a zone with 100,000.

Another hybrid approach is to estimate sep-
arate functions for probability-of-participa-
tion and individual trip rates. In this approach,
the consumer is viewed as making the recre-
ation decision at a given site in the sequential
stages "will I go at all?" and then "given that
I go, at what rate will I visit?" These two func-
tions can then be used jointly to calculate a
consumer surplus as described by Hanemann.
One way in which this may be accomplished
is by constructing a multinominal logit in which
one views probability of participation and
number of trips to take as a nested decision
process (Peterson, Anderson, and Lime).

(b Price. Defining the price variable for
market commodities is fairly straightforward.
For an individual consumer, price is the draw-
down on income from one extra unit bought
in the marketplace. This price is externally im-
posed on the consumer's decision process
through the market forces of supply and de-
mand. However, for TCMstudies the proper
definition for price per trip made to the jth

recreation site, prj in (3), is less clear. Following
the spirit of Bishop and Heberlein, two related
issues will be discussed: () determination of
which monetary expenditures should be in-
cluded in estimates of a recreation site's price,
and b) measurement of time values.

In evaluating which expenditures to include
in per trip travel costs, it should be remem-
bered that a major purpose of TCM models is
to measure the recreational value (consumer
surplus) of one or more recreation sites or pol-
icies which change opportunities at those sites,
given the absence of actual site pricing policies
which would permit direct site demand esti-
mation. Given that purpose, the travel cost
variable should be defined so that site con-
sumers respond to variations in travel cost in
a similar manner as they would respond to
varying site entry fees. Thus, a criterion for
defining the travel cost variable is its ability
to mimic the effect of site entry fees on visits.
The decision of which expenses to include is
made more difficult by the fact that recrea-
tionists' behavior depends largely on how they
perceive costs. For example, how well do they
recognize the costs of wear and tear on equip-
ment, such as vehicles and specialized recre-
ation equipment? Generally speaking, only the
variable costs of transportation have been used
when calculating this component of price.

Incorpprating travel time (as distinct from
out-of-pocket expenses) continues to receive
wide attention. Early applications of TCM used
only round-trip variable monetary transpor-
tation cost as the price variable. However,
Knetsch; and Cesario and Knetsch (1970) rec-
ognized the reason that more distant recrea-
tionists visit a site less frequently than recre-
ationists living closer is the joint effect of
transportation cost and travel time. The op-
portunity cost of scarce time acts as a separate
deterrent at the margin to visiting more distant
sites. Failure to account for the separate effect
of travel time results in the appearance that
visitation is quite sensitive to the money price
because all of the observed decrease in visita-
tion is falsely ascribed to transportation cost
(distance). This is a special case of the classic
omitted variable, which, given the positive
correlation between the two costs, causes an
estimate of the all-important price coefficient
which is too price-sensitive. Consumer surplus
is understated, relative to alternative uses of
the resource.

Correction for this source of bias has taken
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several forms. Cesario and Knetsch (1970)
propose introducing an explicit money cost to
be imputed to scarce travel time which is then
added to the transportation cost to arrive at
what might be called total travel cost. Al-
though ingenious, the resulting benefit esti-
mates are obviously dependent on the specific
value of travel time chosen. Since Cesario and
Knetsch's suggestion, a great deal of effort has
gone into estimating recreationists' perceived
opportunity cost of travel time (Cesario;
McConnell and Strand; Ward 1983a, b; Smith,
Desvousges, and McGivney). Currently, many
analysts rely on the travel time values from
commuting studies summarized by Cesario and
use a value of one-third to one-half the wage
rate as the value of travel time when using the
zonal methodology. Attempts to measure ex-
plicitly the imputed value of travel time in a
recreational setting can be found in McConnell
and Strand; and Ward (1983a, b). Both have
observed the willingness of visitors to trade off
travel cost for travel time, using the result as
a shadow price of travel time. Applying that
methodology to their respective samples, they
demonstrate that one-third the wage rate is a
conservative measure of travel time value.

Should one choose to construct a TCM based
on individual data, travel time could be in-
cluded as a separate visit predictor. This elim-
inates the need to value travel time exoge-
nously, as time and money costs as separate
visit determinants would already be isolated.
The issue of how one should handle travel time
(particularly in zonal TCMs) continues to re-
ceive a great deal of attention from TCM re-
searchers.

There is continued controversy in the lit-
erature about whether the opportunity costs of
on-site time need be included in the price vari-
able or otherwise incorporated into the de-
mand equation(s). According to McConnell
(1975), the opportunity cost of on-site time
should be included in the price variable, and
failure to do so will bias benefit estimates
downward. Cesario and Knetsch (1976) feel
such on-site costs should be excluded. Wil-
man; and Knetsch, Brown, and Hansen feel
such on-site costs should be excluded. Wilman
has developed a model showing the necessity
of including on-site time under certain circum-
stances. The framework of Smith, Desvousges,
and McGivney is more general but also sug-
gests the importance of including on-site time.
Recent work by Ward (1984) demonstrates that

on-site time can be an endogenous variable
and should not be included as part of price
unless adjustments are made.

As a final thought on the on-site time ques-
tion, we might add that while there clearly is
an opportunity cost to on-site time, it is pre-
cisely this time on site that produces the utility
desired by the recreationist. Perhaps one way
to account for the role of on-site time in rec-
reation decision making is to estimate different
demand equations for trips a function of length
of trip (Miller and Hay).

Substitutes and jej a f.idspecication. Eco-
nomic theory suggests that price and avail-
ability of substitutes is an important deter-
minant of demand. If the travel cost to a given
site and the travel cost to a substitute site are
positively correlated, then omission of price
of substitutes as a demand shifter will result
in estimation of a more inelastic demand curve
than the true demand curve (Caulkins, Bishop,
and Bouwes). In principle, the solution to this
model specification problem is to include prices
of all important substitute activities as site de-
mand determinants.

Much effort has gone into incorporation of
substitutes into TCM demand curves. Burt and
Brewer; and Cicchetti, Fisher and Smith spec-
ify a system of demand equations. Here, sites
are classified into types and a demand curve
is estimated for each type. The price of the
own-type and cross-price effects of other sites
are included in each demand equation. A pol-
icy which introduces or deletes a site is treated
as a price change to recreationists for consum-
ing that type of site.

Often a system of demand equations suffers
from high multicollinearity between own price
and cross price. If one lives a long way from
one type of recreation site he or she may live
a great distance from all types of recreation
sites. Knetsch, Brown, and Hansen have ad-
dressed this problem and incorporated both
quality of substitutes and price of substitutes
by using an index value as a measure of sub-
stitutes. In particular, they use the ratio of site
quality of the substitute site (e.g., surface acres,
harvest, etc.) divided by distance from the or-
igin to the substitute site. If this ratio for a
given origin-substitute site combination is
greater than the ratio for the given origin-study
combination, then the substitute site is said to
be competitive to the study site for that origin.
Details of index construction are given in
Knetsch, Brown, and Hansen; and Sorg,
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Loomis, and Donnelly. Work continues on de-
veloping a better understanding of the nature
and extent of substitutes into consumer deci-
sion making and the related improved speci-
fication of substitutes into TCM demand
curves.

Functojaorm. One of the few systematic
attempts to evaluate the effects of functional
forms of the TCM demand curve on consumer
surplus is provided by Ziemer, Musser, and
Hill. Compared with the linear and double log,
the semilog of the quantity variable was de-
termined to be the most appropriate for their
sample of Georgia anglers. Support from sta-
tistical test for the semilog of the quantity term
can be found in both Vaughan, Russell, and
Hazilla; and Strong. Both of these studies sug-
gest that the semilog helps to minimize the
heteroscedasticity in zonal models as well.

More work needs to be done in specifying
utility functions which are consistent with rec-
reationist decision-making behavior and the
resultant ordinary demand functions consis-
tent with underlying preferences. Particular at-
tention needs to focus on the way in which
own- and cross-site price and quality enters
each site's ordinary demand functions. Cross-
price effects would normally be expected to be
positive (sites are substitutes for one another),
but there is less a priori expectation on signs
of cross-quality effects. Hanemann demon-
strates that where site quality is a perfect sub-
stitute for quantity in the utility function, in-
creases in quality increase welfare but greater
site quality will reduce site demands, e.g., more
deer density at a given site will substitute for
site trips and actually reduce participation.

.Da~ta!Issues

TCM can be performed with a wide variety of
data sources. However, inattention to the de-
tails of data collection can lead to biased es-
timates of benefits.

Sampling can be conducted on site, in which
case the analyst observes only current recrea-
tionists (i.e., visits > 0). If the analyst uses this
data with OLS regression to estimate an in-
dividual model without accounting for the
truncated and censored nature ofthe data, mis-
specification can result (McConnell and Bock-
stael). Using the zonal method of dividing an
origin's visits by origin population reduces this
problem but at a loss in efficiency of parameter
estimates.

If data are collected via a household survey
containing visitors to the site of interest as well
as current nonvisitors, the sample selection bias
encountered above with on-site survey is
avoided. However, incorporation of nonvisi-
tors in the estimation of an individual obser-
vation TCM model poses two problems. The
first is difficulty in collecting or determining
price data from these respondents because they
did not visit any sites. This can be overcome
partly by calculating such distance from a road
map. The second difficulty relates to econo-
metric problems associated with use of ordi-
nary least squares (OLS) regression when the
dependent variable takes on discrete units in-
cluding zero. This has been addressed by use
of the tobit approach to estimation (Mc-
Connell and Bockstael).

One advantage of TCM in general, and zonal
TCM in particular, is that demand schedules
can often be estimated using secondary data
such as wilderness permits (Smith and Kopp),
rafting permits (Bowes and Loomis), and big
game hunting applications (Loomis). TCM can
also take advantage of origin-destination in-
formation collected as part of recreation sur-
veys designed largely (sometimes exclusively)
for other purposes (Desvousges, Smith, and
McGivney; Miller and Hay).

Demand Estin aon

In addition to the above-mentioned sources of
estimation ndifficuiclte.which.plagueall .T CM
studies, three specal demand estimation prob-
lems will be discussed: parameter restrictions,
too little variation in important variables, and
the congestion issue.

Parameter restrictions. Hanemann demon-
strated that most single-site demand model
specifications with no parameter restrictions
whatsoever can be shown to be consistent with
some underlying utility function. Thus, we dis-
cuss parameter restrictions in the context of
multiple-site models.

Estimating systems of multiple-site de-
mands poses special estimation problems.
Johnson, Hassan, and Green observe that a
demand system with parameter restrictions re-
sults in a reduction of the number of coeffi-
cients in the system of demand functions, mak-
ing joint estimation of the parameters more
feasible. In addition, the resulting demand sys-
tems are attractive because they can be spec-
ified to satisfy basic restrictions from under-
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lying utility theory. Furthermore, empirically
testable restrictions on the demand system are
desirable because they allow one to test the
hypothesis that the system is consistent with
behavioral theory.

Cicchetti, Fisher, and Smith specified a sys-
tem of site demand equations as linear in prices
to facilitate imposing and testing the symmetry
restrictions on cross-price coefficients required
for path independence of total consumer sur-
plus. Since the restrictions implied by sym-
metrical cross-price terms extend across the
system of site demand equations, imposition
of symmetry requires joint estimation. Seem-
ingly unrelated regressions (Zellner) were used
with the symmetry restriction imposed. The
authors' findings suggested rejection of the
symmetry hypothesis. Two alternatives are
generally available in such a case: (a) reesti-
mate without the restrictions, paying the price
of a resulting path-dependent (not unique)
multisite benefit measure; or (b) keep the re-
strictions, which may be consistent with econ-
omy theory but not with the data. As theoret-
ical work advances, we can expect to see
parameter restrictions which can allow testing
of a wide range of behavioral hypotheses.

Too little variation in important variables.
In the case of single-site models in which site
quality explicitly enters as a determinant, the
above problems are compounded by the dif-
ficulty of finding circumstances where site
quality varies enough to permit efficient esti-
mation of quality coefficient(s). Most TCM
models have been constructed with cross-sec-
tion data gathered over such a short period of
time that site quality is essentially fixed. Con-
sequently, even if one had a testable site de-
mand model consistent with utility theory, one
cannot statistically isolate the role of changes
in actual quality as it affects visits.

Where primary data surveys are involved,
one alternative to insufficient actual quality/
visit variation typically has been to posit hy-
pothetical questions to respondents, such as
"how would your current participation rate to
this site change if your hourly fishing catch rate
doubled?" (Ribaudo and Epp). This approach
yields the desirable quality/visit variation, but
it too suffers. First, it is based on hypothetical
responses to unobserved and/or unknown con-
ditions. Second, for on-site samples taken in
relatively poor site quality conditions, even if
one believes the hypothetical responses, one
excludes from the sample the population of

prospective site visitors who do not currently
participate because of poor quality.

Two approaches to incorporating both price
and quality variation in site demand functions
may have promise. The first approach is pool-
ing of time-series and cross-section data, long
used in agricultural commodity demand anal-
ysis. TCM data sets typically have lots of vari-
ation in price (due to distance) but not in qual-
ity. Conversely, with data sets often available
from agency record keeping, one can observe
time-series variation in quality (e.g., water
levels, vegetation, fish populations) and its ef-
fect on total participation, but there is no
breakdown on participation by distance zone,
i.e., no price variation. The pooling solution
would combine independent parameter esti-
mates from both data sets to estimate the fully
specified visit equation (3). To our knowledge
there are no published accounts of this meth-
od. If this method were used, the researcher
would have to reconcile the individual visits
measure in the cross-section data set (per cap-
ita for zonal studies) with the aggregate visits
measure for the time-series data.

A second approach with promise is pooling
observations of sites, each of which has vary-
ing levels of site quality. Instead of estimating
single-site models in which site quality does
not vary, multisite single-equations models
have been estimated and are sometimes re-
ferred to as varying parameter models
(Vaughan and Russell). Multisite models in-
corporate the influence of quality as both in-
tercept and slope shifters (Cesario and Knetsch
1976; Vaughan and Russell; Donnelly et al.).
Alternatively, Mendelsohn and Brown's he-
donic TCM rearranges the entire TCM prob-
lem from "many origins to a single site" to "a
single origin selecting among many sites." Their
approach uses travel cost to estimate willing-
ness to pay for characteristics of a site such as
scenery and fish harvest in the first stage. In
the second stage, a demand curve for the char-
acteristic is estimated using each origin's price
of a characteristic and quantity of character-
istics consumed. The hedonic TCM approach
is said to be a compromise between a full
household production approach and the sim-
ple TCM (Mendelsohn and Brown).

Coggesti During the late 1960s, crowding
at recreation areas became such a problem that
economists developed methods to employ the
TCM to correctly estimate demand and ben-
efits of a recreation site under congestion. Smith
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(1975) discussed the difficulty with respect to
wilderness areas where the level of congestion,
and hence quality recreation experience, var-
ied over a season or period of data collection.

McConnell (1980) and Anderson demon-
strate how the TCM can be used to construct
a congestion "constant" demand curve. These
authors observe that it is from this demand
curve that the benefits of the site under current
level of congestion are correctly measured.
Their argument is that if one wants to find the
net willingness to pay for the current condi-
tions, congestion must be held constant at the
current level when calculating the area under
the demand curve. To estimate such a conges-
tion constant demand curve when congestion
varies over the season or sample period, it will
often be necessary to include a shifter variable
to account for these differences in congestion.
Alternatively, it may be possible to estimate
demand curves for weekdays, weekends, and
holidays if congestion is homogenous within
categories but varies from category to category.
The role of income in influencing forecasts of
congestion-adjusted demand curves is dis-
cussed in Stevens and Allen. Congestion is but
one of many factors influencing site quality.
Other factors include harvest success in fishing
or hunting (Mendelsohn and Brown; Donnelly
et al. 1985), water quality (Smith, Desvousges,
and McGivney), and size of recreation site
(Knetsch, Brown, and Hansen), to name a few.

Measuring Benefits

TCM researchers have commonly used the
Marshallian consumer surplus as the relevant
welfare measure. This section assumes that a
multiple-site model is the focal point of anal-
ysis, for which interest is in (a) benefits from
the existing system, (b) benefits from pricing
policies, and (c) benefits from site quality pol-
icies.

Computing the area under the ordinary de-
mand system (3) gives the Marshallian mul-
tiple-site consumer surplus for the ith individ-
ual. This benefit measure is not unique unless
the price effects matrix is symmetrical. One
method which assures unique benefits mea-
sured has been to specify the demands as a
linear system in prices and (possibly) qualities
using a restricted least squares procedure in
which cross-price effect parameters are re-
stricted to be a symmetric matrix. Use of the
linear system with the stated restrictions on

the price coefficients greatly simplifies the
computation of the Marshallian surplus, which
we discuss next.

Benefits from the existing system. Compu-
tation of a single site's benefits requires a sim-
ple integral of the demand curve. To compute
system benefits, removal of the entire site sys-
tem from the opportunity set can be simulated
by raising all site prices to the point at which
the participation vector is zero. The Marshall-
ian benefit to the ith sampling unit (e.g., in-
dividual) is computed in the following steps:
(a) predict trips, (b) compute reservation prices,
and (c) calculate benefits.

Based on the individual's observed trips to
the vector of sites, ro one needs to compute the
reservation price vector which would reduce
participation to zero at all sites. First consider
the linear trip predictor associated with vari-
ations in (not absolute levels) prices and qual-
ities:

(10) r = P, + Br(r- Pro) + Bq(q- qo)

where "o" subscripts refer to baseline values;
Br the estimated square symmetric matrix of
own- and cross-site price effect parameters as-
sumed applicable to all individuals, and Bq is
an estimated square matrix of own- and cross-
site quality effect parameters. Defining visits
by (10) generalizes the single-site benefit com-
putation method proposed by Gum and Mar-
tin in which observed rather than predicted
visits are used to define demand, i.e., where
each individual's demand function intersects
the observed 7o and Pro.

The vector of maximum or reservation prices
inclusive of travel costs, Pr* is found by solving
(10) for the Pr which would reduce P to zero.

(11) Pr* = Pro + (-Br)-lFo

where -1 is the matrix inverse operator. For
the special case of a single site, (11) shows the
reservation price to be the sum of existing trav-
el cost plus the ratio of observed trips to the
negative of the own-site price coefficient. Some
researchers have found that the computed re-
servation price vector defined by (11) is too
high to be believable. Given this difficulty, one
method which has been used (Gum and Mar-
tin) has been to truncate the site demand func-
tion at a "critical" price equal to the maximum
observed travel cost from sampled visitors. In
computing benefits, as soon as this "critical"
price is reached, participation is assumed to
fall to zero.
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Based on the maximum price vector (11),
Cicchetti, Fisher, and Smith show that the
Marshallian consumer surplus for the ith in-
dividual due to the existence of all sites at
current travel costs for the linear system (10) is

(12) S = .5(r. - Pro)T(Br)(Pr - Pro)Tr

where T is the matrix transpose operator, S is
the summed areas beneath the individual's site
demand functions.

If the ith sampling unit is defined by zonal
averages, then (10) becomes a per capita vis-
itation function with one observation per zone
of origin, (11) the price vector such that per
capita participation is zero at all sites, and (12)
per capita benefits. The latter term needs to be
multiplied by ith zone population to measure
absolute ith zone benefits due to the system of
sites. Aggregate benefits are found by summing
over the zone index.

Note that the reservation prices do not re-
flect entry fees per se but are merely a mea-
suring device for defining the upper limit of
the demand function area to be counted as
benefits.

Benefits under site- riciz fr/e. Al-
thoughlittle TCM research has been directed
at evaluating site-pricing policies, TCMs are
well-suited for that purpose. We discuss (a) the
general case of entry fees, and (b) the special
case of closing down the site(s).

Suppose an agency wishes to estimate the
impact on user benefits and/or agency reve-
nues associated with imposing a vector of site
fees, F, not all zero. For the ith individual, the
effect of F is to raise travel costs to a higher
level, Pr from the current level, Pro, i.e.,

(13) Pr = -+ Pro,

in which F is assumed constant across indi-
viduals. This equation can be used to predict
individual visits, r, associated with any given
fee vector, F.

Total use-related benefits can be defined as
the sum of agency revenues received from F
plus remaining unpriced benefits accruing to
the site user. Agency revenues received from
the ith individual, Ri is the sum of fees charged
per trip times trips consumed, aggregated over
sites, i.e.,

(14) Ri= pr,

where trips r are computed from (10) and total
site price inclusive of fee is defined by (13).

The residual unpriced benefits which re-

main, given the entry fees F, are measured by
an equation structurally identical to (12) with
two changes. First the fee-dependent trip vec-
tor is inserted into the position currently oc-
cupied by ro in (12). Second, insert Pr inclusive
of fees from (13) into the position occupied by
Pro in (12). Total benefits under conditions of
a zero entry fee will always exceed total benefits
when a fee is imposed for uncongested sites.
The difference is the well-known "dead-
weight" efficiency loss.

Site closure, an important policy issue, is a
special case of entry fees. Suppose that the
agency decides to close the subset of sites, CL.
If the closed sites were first, fourth, and sev-
enth, the set CL would contain the elements
(1, 4, 7). One can simulate closure as raising
prices at CL until all visits in CL equal zero.
Denote the open site set as OP.

Simulating closure of the CL sites in a sys-
tem of"m" sites requires finding the vector of
reservation prices which would simultaneous-
ly reduce visits in CL to the zero vector. To
compute the (unknown) CL reservation prices
and OP site participation rates requires par-
titioning the visit predictor (10) as follows, as-
suming q = qo:

(15) [ r(OP) F + Br(OP, OP) Br(OP CL)
) O(CL)J ° LBr(CL, OP) Br(CL, CL)]

- Pr Pro(OP)
Pr - Pr(CL)]

in which the CL/OP status is in parentheses.
The knowns in (15) are the zero trip vector at
the CL sites, 0, the entry fees at the open sites,
(Pr - Pro) and the price effects matrix Br, par-
titioned into four parts. For example, the (OP,
CL) index refers to a submatrix of Br, with
rows OP and columns CL.

The object is to solve for the unknowns of
(15), i.e., the trip vector at the open sites, P(OP),
and the reservation price vector which would
simulate closing the CL sites, p,. (CL). Al-
though not shown here, the solution involves
moving all unknown terms to the left side and
then solving for them through standard matrix
inversion procedures, similar to (11). Given
the solution for the OP trip vector and CL
reservation price vector an equation structur-
ally identical to (12) can be used to compute
total benefits for the system of remaining open
sites (not shown). Thus the loss in benefits from
closing the CL sites equals the full system ben-
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efits minus the benefits from the remaining OP
sites.

Benefits rom chaning qualit. Suppose that
a system of site demand equations as in (3)
has been estimated econometrically and one
wishes to sue the information contained in the
estimates to measure welfare changes from
policies which change quality.

To use quality-induced changed areas under
(3) to value those quality improvements, one
must invoke the additional assumption of
"weak complementarity." This occurs if, when
the quantity r0 demanded is zero, the marginal
utility of qj is zero (Maler). In such cases, when
qj increases, the demand for rj shifts out, and
the exact welfare value of qj' - qj is approx-
imated by the integral between rj(, P, Prq , Y)
and rj(p, r, q°, Y), to the extent that the in-
tegral between Marshallian demand curves ap-
proximates the integral between Hicksian
compensated demand curves (Willig). The
weak complementarity condition may apply
to a number of situations. For example, the
marginal utility of lake level or fish density at
a particular waterbody could be assumed to be
zero for those people who did not use the
waterbody for recreation (Freeman).

Suppose that one is willing to make the ma-
jor assumption that (3) represents a linear ap-
proximation to a true system of demand func-
tions consistent with utility theory and that site
quality and quantity are "weak complements"
as discussed above. The goal is to approximate
the system benefits associated with a new qual-
ity vector, q, not equal to original quality, qo.

Using (3), one would follow essentially the
same procedure as was employed for measur-
ing benefits under fixed original site qualities.
The only difference is that one would begin by
defining the new level of q and then using the
estimated Bq matrix in (10) to predict F as-
sociated with the new q.

In much the same way as computed for con-
stant quality, maximum site prices under a
variable quality vector in (10) would be solved
for as

(16) P.(q) = Pro + (-Br)- 1[r + B,(q- o)]

where (16) is the "variable quality" generali-
zation of (11). As shown in (16) increases in
quality which increase participation at a site
increase the maximum price at that site. Note
that (16) requires the price effects matrix B, to
be inverted but not the quality effects matrix,
Bq.

Finally, an equation similar to (12) is used
to compute variable-site-quality benefits for
the ith individual. Instead of inserting "exist-
ing quality" trips into the benefits measure, FO,
as was done in (12), one would use trips as
predicted by (10) in which quality is allowed
to vary.

As an alternative to the Marshallian ap-
proximation to benefits from varying quality
described above, four steps could be followed
to recover the exact quality dependent welfare
measures described by (9). First, one would
specify one or more alternative algebraic forms
for the quality-dependent utility function, each
function being defined by both an algebraic
structure and general parameters to be esti-
mated. Second, analytically derive the corre-
sponding Marshallian demand system (3) and
expenditure function (4) for each utility func-
tional form considered. Third, use data on
price, quality, incomes, and other demand
shifters to estimate each candidate Marshall-
ian demand system (3), picking the one which
best fits the data. Fourth, based on the esti-
mated coefficients for the best fit Marshallian
demand system and the known relationships
found in step two, recover the exact welfare
change measure (4) for any price/quality policy
desired. This approach has not generally been
followed in past TCM studies but offers prom-
ise. Barriers to application include specifying
utility functions which yield realistic demand
systems yet which can be estimated with readi-
ly available regression packages. Especially
where multiple sites are involved, specifying a
utility function in which all sites' qualities are
arguments will likely yield highly nonlinear or-
dinary site demands.

Conclusions

The TCM is limited to measun th te
recreation benefits royvidd b a naturare-
source. The benefits estimated from TCM do
not include any opt y e e e
(Bishop) nor any existence values (Randall and
Stoll). For many types of commonly available
recreation sites, this omission of off-site user
benefits is probably not significant. For des-
ignated wilderness areas, wild and scenic rivers,
unique wildlife species (e.g., bighorn sheep or
whooping cranes) these off-site benefits may
be equal to or greater than the on-site recre-
ation benefits (Walsh, Loomis, and Gillman;
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Brookshire, Eubanks, and Randall; Stoll and
Johnson).

In terms of policy issues to which TCM
models could be applied, we are far behind our
linear programming colleagues who use their
computed benefit measures as objective func-
tions in which optimal resource allocation de-
cisions can be found. There has been far too
little emphasis on optimization of natural re-
source systems based on computed TCM wel-
fare measures (Hof and Loomis provide a no-
table exception).

Although the acceptability of the TCM is
increasing, several issues remain less than sat-
isfactorily resolved. These include valuation
of travel time in zonal TCM, treatment of on-
site time and incorporation of substitutes and
site quality into TCM demand curves.

Continued research is necessary to develop
a consensus on issues such as on-site time and
definition of the dependent visitation variable
in TCM. Ultimately, several variations of the
TCM likely will be available for estimating a
site's demand schedule. Thoughtful matching
of the particular variant of the TCM approach
to the management issue to be addressed will
always be necessary.

[Received June 1982; final revision
received July 1986.]

References

Anderson, Lee. "Estimating the Benefits of Recreation
under Conditions of Congestion: Comment and Ex-
tension." J. Environ. Econ. and Manage. 7(1980):
401-06.

Barton, Anton P. "The Systems of Consumer Demand
Functions: A Review." Econometrica 45(1977):23-
52.

Becker, Gary S. "A Theory of the Allocation of Time."
Econ. J. 75(1965):493-517.

Bishop, Richard C. "Option Value: An Exposition and
Extension." Land Econ. 58(1982):1-15.

Bishop, Richard C., and Thomas A. Heberlein. "Simu-
lated Markets, Hypothetical Markets, and Travel Cost
Analysis: Alternative Methods of Estimating Outdoor
Recreation Demand." University of Wisconsin Staff
Pap. Series No. 187, December 1980.

Bockstael, Nancy, and Kenneth McConnell. "Theory and
Estimation of Household Production Function for
Wildlife Recreation." J. Environ. Econ. and Manage.
8(1981):199-214.

."Welfare Measurement in the Household Pro-
duction Framework." Amer. Econ. Rev. 73(1983):804-
14.

Bowes, Michael D., and John B. Loomis. "A Note on the
Use of Travel Cost Models with Unequal Zonal Pop-
ulations." Land Econ. 56(1980):465-70.

Brookshire, David, Larry Eubanks, and Alan Randall.
"Estimating Option Prices and Existence Values for
Wildlife Resources." Land Econ. 59(1983): 1-15.

Brown, William G., and Farid Nawas. "Impact of Ag-
gregation on the Estimation of Outdoor Recreation
Demand Functions." Amer. J. Agr. Econ. 65(1973):
154-57.

Brown, William G., C. Sorhus, and K. Gibbs. "Estimated
Expenditure by Sport Anglers and Net Economic Val-
ue of Salmon and Steelhead for Specified Fisheries in
the Pacific Northwest." Dep. Agr. and Resour. Econ.,
Oregon State University, 1980.

Brown, William, Colin Sorhus, Bih-lian Chou-Yang, and
Jack Richards. "Using Individual Observations to
Estimate Recreation Demand Functions: A Caution."
Amer. J. Agr. Econ. 65(1983):154-57.

Burt, Oscar, and Durwood Brewer. "Evaluation of Net
Social Benefits from Outdoor Recreation." Econo-
metrica 39(1971):813-27.

Caulkins, Peter, Richard Bishop, and Nicolaas Bouwes.
"Omitted Cross-Price Variable Biases in the Travel
Cost Model: Correcting Common Misperceptions."
Land Econ. 61(1985):182-87.

Cesario, Frank. "Value of Time in Recreation Benefit
Studies." Land Econ. 52(1976):32-41.

Cesario, Frank, and Jack Knetsch. "A Recreation Site
Demand and Benefit Estimation Model." J. Rgnl.
Stud. 10(1976):97-104.

."Time Bias in Recreation Benefit Estimates."
Water Resour. Res. 6(1970):700-04.

Cicchetti, Charles J., Anthony Fisher, and Kerry Smith.
"An Economic Evaluation of a Generalized Consum-
er Surplus Measure: The Mineral King Controversy."
Econometrica 44(1976):1259-76.

Clawson, Marion. "Methods of Measuring the Demand
for and Value of Outdoor Recreation." Washington
DC: Resources of the Future Reprint No. 10, 1959.

Clawson, Marion, and Jack Knetsch. The Economics of
Outdoor Recreation. Baltimore MD: John Hopkins
University Press, 1966.

Cummings, Ronald, David Brookshire, and William
Schultz. An Assessment of the Contingent Valuation
Method. Totowa NJ: Rowman and Allanheld, 1986.

Deaton, A., and J. Muellbauer. Economics and Consumer
Behavior. Cambridge: Cambridge University Press,
1980.

Desvousges, William, Kerry Smith, and Matthew Mc-
Givney. "A Comparison of Alternative Approaches
for Estimating Recreation and Related Benefits of
Water Quality Improvement." Research Triangle Park
NC: Research Triangle Institute, 1983.

Donnelly, D., J. Loomis, C. Sorg, and L. Nelson. "Net
Economic Value of Recreational Steelhead Fishing in
Idaho." Fort Collins CO: U.S. Forest Service, Rocky
Mountain Forest and Range Experiment Station, 1983.

Dwyer, John, John Kelly, and Michael Bowes. "Im-
proved Procedures for Valuation of the Contribution

176 December 1986



Travel Cost Literature Review 177

of Recreation to National Economic Development."
Water Resourc. Ctr. Res. Rep. No. 128, University
of Illinois, 1977.

Feenberg, Daniel, and Edwin Mills. Measuring the Ben-
efits of Water Pollution Abatement. New York: Aca-
demic Press, 1980.

Freeman, Myrick, III. The Benefits ofEnvironmental Im-
provement: Theory and Practice. Baltimore MD: Johns
Hopkins University Press, 1979.

Gum, Russell L., and William E. Martin. "Problems and
Solutions in Estimating the Demand for and Value
of Rural Outdoor Recreation." Amer. J. Agr. Econ.
56(1974):558-66.

Hanemann, Michael. "Quality and Demand Analysis."
New Directions in Econometric Modelling and Fore-
casting in U.S. Agriculture, ed., Gordon Rausser. New
York: North-Holland/Elsevier Science Publishing Co.,
1962.

Hausman, Jerry. "Exact Consumer's Surplus and Dead-
weight Loss." Amer. Econ. Rev. 71(1981):662-76.

Henderson, James, and Richard Quandt. Microeconomic
Theory:A Mathematical Approach. 3rd ed., New York:
McGraw-Hill Book Co., 1980.

Hof, John, and John Loomis. "A Recreation Optimiza-
tion Model Based on the Travel Cost Method." West
J. Agr. Econ. 8(1983):76-85.

Hotelling, Harold. "The Economics of Public Recrea-
tion." The Prewitt Report, National Park Service,
Washington DC, 1949.

Johnson, Stanley R., Zuhair Hassan, and Richard D. Green.
Demand Systems Estimation: Methods and Applica-
tion. Ames: Iowa State University Press, 1984.

King, David, and John Hof. "Experimental Commodity
Definitions in Recreation Demand Models." School
of Renewable Natural Resources, University of Ari-
zona, 1984.

Knetsch, J. "Outdoor Recreation Demand and Benefits."
Land Econ. 39(1963):387-96.

Knetsch, J., R. Brown, and W. Hansen. "Estimating Ex-
pected Use and Value of Recreation Sites." Planning
for Tourism Development: Quantitative Approaches,
eds., C. Gearing, W. Swart, and T. Var. New York:
Praeger Publishers, 1976.

Loomis, John. "Use of Travel Cost Models for Evaluating
Lottery Rationed Recreation: Application to Big Game
Hunting." J. Leisure Res. 14(1982): 117-24.

McConnell, Kenneth, and Nancy Bockstael. "Aggrega-
tion in Recreation Economics: Issues in Estimation
and Benefit Measurement." N. Central J. Agr. Econ.
13(1984):181-86.

McConnell, Kenneth, and Ivar Strand. "Measuring the
Cost of Time in Recreation Demand Analysis: An
Application to Sportsfishing." Amer. J. Agr. Econ.
63(1981):153-56.

Maler, K. G. "Environmental Economics: A Theoretical
Inquiry." Baltimore MD: Johns Hopkins University
Press, 1974.

Mendelsohn, Robert, and Gardner Brown. "Revealed
Preference Approaches to Valuing Outdoor Recrea-
tion." Nat. Resour. J. 23(1983):607-18.

Miller, Jon, and Michael Hay. "Estimating Substate Val-
ues of Fishing and Hunting." Transactions of the 49th
North American Wildlife and Natural Resources Con-
ference. Washington DC: Wildlife Management In-
stitute, 1984.

Peterson, George, Dorothy Anderson, and David Lime.
"Multiple-Use Site Demand Analysis: An Applica-
tion to the Boundary Waters Canoe Area Wilder-
ness." J. Leisure Res. (1982):27-36.

Randall, Alan, and John Stoll. "Existence Value in a Total
Valuation Framework." Managing Air Quality and
Scenic Resources at National Parks and Wilderness
Areas, eds., Robert Rowe and Laurie Chestnut. Boul-
der CO: Westview Press, 1982.

Ribaudo, Marc, and Donald Epp. "The Importance of
Sample Discrimination in Using the Travel Cost De-
mand Method to Estimate the Benefits of Improved
Water Quality." Land Econ. 60(1984):397-403.

Schulze, William D., Ralph C. d'Arge, and David S.
Brookshire. "Valuing Environmental Commodities:
Some Recent Experiments." Land Econ. 57(1981):
151-72.

Smith, V. Kerry. "Introduction to Part I." Advances in
Applied Micro-Economics, eds., V. Kerry Smith and
Ann White, vol. 3, Greenwich CT: JAI Press, 1984.

."Travel Cost Demand Models for Wilderness
Recreation: A Problem of Non-Nested Hypotheses."
Land Econ. 51(1975):103-11.

Smith, V. Kerry, and Raymond Kopp. "Spatial Limits
of the Travel Cost Recreation Demand Mode." Land
Econ. 56(1980):64-72.

Smith, V. Kerry, William Desvousges, and Matthew
McGivney. "The Opportunity Cost of Travel Time
in Recreation Demand Models." Land Econ.
59(1983):259-78.

Sorg, Cindy, John Loomis, and Dennis Donnelly. "Net
Economic Value of Cold and Warm Water Fishing in
Idaho." Fort Collins CO: U.S. Forest Service, Moun-
tain Forest and Range Exp. Sta. Gen. Tech. Rep., RM-
107, 1984.

Stevens, Thomas, and Geoffrey Allen. "Estimating the
Benefits of Recreation under Conditions of Conges-
tion." J. Env. Econ. and Manage. 7(1980):395-400.

Stoll, John, and Lee Ann Johnson. "Concepts of Value,
Nonmarket Valuation and the Case of the Natural
Resources Conference." Washington DC: Wildlife
Management Institute, 1984.

Strong, E. "A Note on the Functional Form of Travel
Cost Models with Unequal Populations." Land Econ.
59(1983):342-49.

U.S. Water Resources Council. "Economic and Environ-
mental Principles and Guidelines for Water and Re-
lated Land Resources Implementation Studies." U.S.
Government Printing Office, 17 March 1983, 137
pages.

Vaughan, Williams, and Clifford Russell. "Valuing a
Fishing Day: An Application of a Systematic Varying
Parameter Model." Land Econ. 58(1982):450-63.

Vaughan, William, Clifford Russell, and Michael Hazilla.
"A Note on the Use of Travel Cost Models with Un-

Ward and Loomis



178 December 1986 Western Journal of Agricultural Economics

equal Zonal Populations: Comment." Land Econ.
58(1982):400-07.

Walsh, Richard G., John B. Loomis, and Richard A. Gill-
man. "Valuing Option, Existence and Bequest De-
mands for Wilderness." Land Econ. 60(1984): 14-29.

Ward, Frank. "Measuring the Cost of Time in Recreation
Demand Analysis: Comment." Amer. J. Agr. Econ.
65(1983a): 167-68.

."Specification Considerations for the Price Vari-
able in Travel Cost Demand Models." Land Econ.
60(1984):301-05.

."The Demand for and Value of Recreational Use
of Water in Southeastern New Mexico." New Mexico
State University Agr. Exp. Sta. Res. Rep. No. 465,
1983b.

Willig, Robert D. "Consumer Surplus Without Apology."
Amer. Econ. Rev. 58(1976):589-97.

Wilman, Elizabeth. "The Value of Time in Recreation
Benefit Studies." J. Environ. Econ. and Manage.
7(1980):272-86.

Zellner, Arnold. "An Efficient Method of Estimating
Seemingly Unrelated Regressions and Tests for Ag-
gregation Bias." J. Amer. Statist. Assoc. 57(1962):348-
68.

Ziemer, Rod, Wesley Musser, and R. Carter Hill. "Rec-
reation Demand Equations: Functional Form and
Consumer Surplus." Amer. J. Agr. Econ. 62(1980):
136-41.


