Theoretical and Empirical Specifications
Issues in Travel Cost Demand Studies

Mary Jo Kealy and Richard C. Bishop

A travel cost demand model is derived from a utility function which postulates that
individuals choose the optimal total number of site recreation days given by the
product of the number and length of their recreation trips. By relaxing the assumption
that on-site time is constant across recreationists, the applicability of the travel cost
method is extended. The model is estimated using a maximum likelihood procedure
appropriate for the truncated sample data which is characteristic of most user-specific
recreation data. Failure to do so would result in overestimating the value of Great

Lakes fishing by 3.5 times.
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The ultimate objective of empirical travel cost
demand studies is to obtain an estimate of the
welfare derived from utilizing outdoor rec-
reational resources. Thus it is apparent
that travel cost demand equations must be
linked to utility maximization (Deyak and
Smith; Freeman; Bockstael and McCon-
nell; Hanemann; Bockstael, Hanemann, and
Strand). We specify a model of utility-
maximizing recreation demand behavior
which postulates that individuals choose the
total number of days that they wish to spend at
the recreation site. This total number of recre-
ation days is the product of the number of trips
to the site and the average number of days per
trip. It is assumed that the recreationist first
determines the optimal length of time to rec-
reate at a particular site and, second, decides
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upon the number of trips of that optimal length
to take.! The length-of-stay decision is prede-
termined in our model, and yet different con-
sumers are nonetheless permitted to take their
recreation days in trip packages which most
ideally suit their needs. The traditional travel
cost model, on the other hand, is only applica-
ble for cases where it is reasonable to assume
that all visits to the site by all consumers are of
the same duration. While many have recog-
nized this as a severe limitation, until now this
specification issue had defied resolution
(McConnell; Cesario; Wilman; Smith, Des-
vousges, and McGivney; Johnson; Ward;
Bockstael, Hanemann, and Strand).

An additional distinguishing feature of this
work is that it utilizes a maximum likelihood
(ML) estimation procedure for truncated sam-
ples to estimate the parameters of the demand
equation. While recreation demand behavior
is only defined for non-negative values, ordi-
nary regression methods require that depen-
dent variables take on values over the full real
line. Thus, the estimation of site visitation be-
havior using ordinary regression procedures
leads to biased coefficient estimates (Judge et
al.; Bockstael, Hanemann, and Strand; Mad-

! This assumption implies that the optimal duration of a visit to a
recreation site is independent of the total number of trips. It is our
view that this assumption is reasonable for many forms of outdoor
recreation activities including recreational fishing, the activity we
analyze here. However, should this assumption be violated, the
estimation of our empirical model would result in simultaneous
equations bias.

Copyright 1986 American Agricultural Economics Association

Copyrngnt © 2001 Al Rights Reserved



Kealy and Bishop

dala; Smith and Desvousges). The fact that
almost all recreation data is characterized by
limited dependent variables raises serious
questions concerning the validity of all past
empirical work that failed to account for the
truncated nature of the data used in the anal-
yses. Indeed, we compare welfare measures
calculated using parameter estimates from ML
and ordinary least squares (OLS) procedures,
and find that the difference between the esti-
mates is quite large for our sample of Lake
Michigan anglers.

Organization of the Paper

The next section describes the general form of
a utility function which is linear in income and
the value of time. Then, a quadratic form for
the average individual’s utility function is pos-
tulated. From the theoretical model, the linear
demand equation for the number of recreation
days is derived and estimated for a sample of
Lake Michigan anglers. To avoid biases from
omitted variables, care is taken to control for
the tastes and preferences of the anglers
(Bishop and Heberlein; Allen, Stevens, and
Barrett). In addition, the empirical model con-
trols for the multiple destination trips, which,
can also cause a bias (Clawson and Knetsch,
Haspel and Johnson). Substitute activities are
not included because it is assumed that the
commodity being valued has no close substi-
tutes. The data are described in the fifth sec-
tion, and then willingness-to-pay measures
are reported. Finally, the conclusions of the
paper are summarized.

The Theoretical Model

Travel cost recreation demand equations can
be derived from utility functions which are
linear in income and time. The underlying as-
sumption is that utility is additively separable
in the recreation activity, all other income,
and all other leisure time. The linearity as-
sumption, a maintained hypothesis for many
empirical demand studies, is reasonable for
goods which require only a small proportion of
the individual’s income and time for consump-
tion.

The general form for the linear-in-income
utility function can be found in Samuelson and
Blackorby et al. We extend the model to in-
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clude time. This problem is formalized as fol-
lows:

(1) Max U = U(Z; s) + PyY + y()r
Z

Py

D

Zd/D + h) +v=T.

Substituting the constraints into the objective
function simplifies the expression to
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where

Z is the total number of recreation days de-
voted to the site;

s, vector of individual characteristics;

Y, a composite good or income spent on all
other goods;

v(-), the function which converts the indi-
vidual’s time into money and as such is the
dollar equivalent of a unit of time;

T, residual time, or time not spent working,
traveling to, or recreating at the site;

D, the average number of days per recre-
ation trip, taking D as exogenous;

P,, the monetary cost associated with
traveling to and from the recreation site;

P, daily variable on-site costs;

P, daily overnight expenditures (It is as-
sumed that the number of nights per trip is
equal to the number of days per trip, D, minus
L);

P, price of the composite good Y (All prices
are normalized with respect to Py which is set
equal to one.);

1, income;

d, round-trip traveling time to the site, mea-
sured in hours;

h, the number of hours in a typical recre-
ation day (a constant set equal to eight hours);
and

T, total discretionary time.

The Demand for Recreation Days

In order to derive the equation for recrea-
tion days, the functional form of (2) must be
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specified. Although we understand that our
choice of functional form is somewhat arbi-
trary, it is nonetheless true that theory offers
little guidance in this area. We postulate a qua-
dratic form for the individual’s utility func-
tion. Subsequently, (2) can be rewritten as fol-
lows:

3) MaxU=,«1oz+-“12lz2
V4
o Py _ P
+1-Zp-+ P, 5 + P

+ YyOIT — Z(d/D + h)),

where A0 and A1 are parameters of the utility
function.

To incorporate the individual’s characteris-
tics into the utility specification, we follow the
convention of expressing one of the parame-
ters, A0, as a function of the individual’s char-
acteristics, s (Pollak and Wales). Specifically,
we let A0 be a linear function so that equation
(3) now takes the form:

K
@) Max U = (ao + > aksk)Z + Al 7
z k=1 2
P, P,
+I—Z<D + P, T+P°)

+ yOUT — Z(d/D + h)] + €Z,

where the error term, €, is normally distrib-
uted with mean zero and variance o.%. Solving
the maximization problem for the optimal
level of Z gives the demand equation for Z
equal to

-1 K
O 21 (2 + 2 asy)
k=1
1 (Pu , p _ P
+ (D + P, 5 +Pc>

+%1('1—)(d/1) +h+ oo

The error term w is normally distributed with
mean zero and variance o,

Prior to obtaining estimates of the parame-
ters in equation (5), it is necessary to specify
the functional form of v(-). For this we refer
back to the utility function, (2). It is obvious
that the linear-in-income utility function im-
plies that the marginal utility of income is a
constant equal to one. Furthermore, since (2)
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is also linear in leisure time, it is assumed that
the marginal utility of an additional unit of lei-
sure time is also a constant but equal to y(-).
At issue is how best to specify (). Since y(-)
is the conversion factor of time into dollars
(utils), a likely candidate is that it is some
function of the individual’s wage rate (e.g., a
constant proportion of the wage rate, McCon-
nell and Strand). We prefer this specification
to the alternative of assuming that v(-) is equal
to a constant because the former allows the
value of time to vary across individuals while
the latter does not. Thus we let y(-) = Ak
times wage rate, where Ak is a parameter of
the utility function to be estimated. The al-
tered demand equation has the form:

. 4
_ -1 1
© z= 71—(“0 + ,;“ksk) tar P

Ak

+_14TVT+“)’
where
_ [ Pa _ P
P—(D + Py — +Pc),and

VT = wage rate - (d/D + h).

Before describing the empirical model to be
estimated, the variables used in the analysis
are described in the data section below.2

The Data

Primary data on individual anglers were ob-
tained from a 1978 mail survey of Lake Michi-
gan sports persons (Samples). The dependent
variable in the model is the individual’s total
number of days spent fishing in the Wisconsin
portion of Lake Michigan.” The opportunity
cost of a recreation day includes both a mone-
tary cost component and a time cost compo-
nent. Included in the monetary cost is the cost
of travel after adjusting for the number of peo-
ple sharing expenses and for the proportion of

2 A copy of the survey and a detailed description of the variable
construction methods are available upon request from the authors.

® It has been argued that the appropriate unit of measurement is
the fishing trip and not the fishing day because ‘‘the relationship
between travel costs and user-days cannot truly be called a de-
mand curve’’ (McConnell, p. 332). This criticism does not apply to
our specification, however, as the number of recreation days is
related to the opportunity cost of a recreation day and not simply
to the individual’s travel cost.
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the trip intended solely for the purpose of
fishing in Lake Michigan. Also included are
daily on-site expenditures on bait, fishing line,
hooks and lures, rental equipment, boat char-
ters, and recreation-related food and bever-
ages. Finally, to obtain a proxy for the oppor-
tunity cost of spending the night, we used the
fitted value from a regression of reported per
night lodging costs on the independent vari-
ables of the model.# The time cost associated
with each recreation day includes travel time
plus time spent at the recreation site.

The remaining independent variables 1n—
clude the angler’s reported daily catch rate,” a
boat ownership dummy, and four indexes of
angler attitudes toward fishing for recreation
in Lake Michigan. In table 1 we include de-
scriptions of these indexes, which were con-
structed from the data using principal compo-
nents analysis. Estimates of their reliability
coefficients and their minimum, maximum,
and mean values are also reported.®

Two additional independent variables, in-
come and leisure time, are relevant, although
the theoretical model (2) implies that the de-
mand for recreation days is independent of
these two factors. For the income variable we
use the mean values of thirteen response cate-
gories with means ranging from $2,000 to
$50,000 in 1978 dollars. As our proxy for avail-
able leisure time, we use a variable which dif-
ferentiates between individuals who-are fully
retired, semiretired, or not retired. Tests of
the restrictions implied by the theoretical
model are reported in table 2. The null hy-
pothesis that income should not be included in
the demand equation is accepted at levels of
significance greater than .025, and the null hy-
pothesis that our leisure time variable is not
significantly different than zero is accepted
at levels of significance greater than .25.
Throughout our analysis we maintain the zero
restrictions on the coefficients of both vari-
ables.

4 This procedure was followed in order to avoid any possible
simultaneous equations bias which could result if the exogeneity
assumption of our theoretical model was violated. Specifically, we
assumed that the type of accommodations that individuals chose
was independent of their chosen total number of recreation days.

5 We assumed that this variable was exogenous; but even if
anglers do view their catch rates as decision variables, no simul-
taneous equations bias is introduced into our estimations unless it
can be argued that the number of fish caught per day depends upon
the number of days fishing.

6 A reliability coefficient is a measure of the degree to which
responses to separate questions relate to the same underlying at-
titude (Guttman, Magnusson, Novick and Lewis).
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The Empirical Model and Results

Since our sample of individuals is restricted to
those with positive observed recreation days,
the estimation of equation (6) by OLS would
lead to biased parameter estimates. The ap-
propriate log likelihood function for the trun-
cated sample is

(D) logL = —N log [(m)"?c]

- IZ( _h()) Zlog@( h())

where h(:) is given by equation (6), and ®(-) is
the cumulative normal density function (Mad-
dala). We use an ML procedure to estimate
(7). The results are reported in table 3, where
for reasons of zomparison we also include the
results from the OLS regression model. All of
the parameter estimates of the ML model are
significant at the .01 level with one exception,
namely, the estimate corresponding to the
fishing success rate variable.

To interpret the effect of a change in P on
desired days, refer to equation (6). The deriva-
tive of recreation days with respect to this
variable is 1/A1 or —1.79. Thus a one dollar
increase in monetary cost will decrease pre-
dicted desired recreation days by 1.79. The
ML point estimate of Ak is .51(Al) or .287
(McConnell and Strand). Thus, the estimate of
the dollar equivalent of an hour of time is .287
times the individual’s wage rate. The estimate
of the parameter, Ak, has a standard error of
.095 giving the estimate brackets of .192 and
.382.

The first and fourth attitude indexes,
GOODWILL and CONGESTION, respec-
tively, have negative signs suggesting that the
anglers least hampered by the activities of
commercial fishermen and other anglers are
those who are also least likely to go fishing.
The positive sign on the PCB attitude scale
implies that the anglers who are the most con-
cerned with PCB contamination tend to fish
less frequently than other anglers. Finally, the
positive relationship between recreation days

7 Since AK/A1 = .51 is a maximum likelihood estimate, AK =
.51/(1/A1) is also a maximum likelihood estimate. To obtain the
standard error of AK, we retrieved the appropriate element from
the JVJ' matrix, where J is the matrix of first derivatives of the
coefficients of the demand equation, e.g., (AK/A1) with respect to
the parameter of interest, e.g., AK, and V is the variance/
covariance matrix of the estimated coefficients.
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Table 1. Variable Scales
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Scale

Name Description

Description of Variables
That Comprise the Scale

Mini-
mum

Maxi-
mum

Reliability
Mean  Coefficient®

1. GOODWILL Positive attitude
toward the ac-
tivities of
commercial
fishermen

2. PCB Lack of concern
toward PCB

contamination

3. SNAG Negative attitude
toward snag-

ging practices

4. CONGESTION Positive attitude
toward the
number of an-
glers fishing in
Lake Michigan

The six variables that comprise
this scale are all related to
the angler’s perceptions of
the effects of the activities
of the commercial fishermen
on the angler. A high score
on this scale reflects a rela-
tively favorable perception.

Anglers responded to six ques-
tions regarding the extent to
which they have altered or
will alter their angling and
related activities as a result
of publicity about the harm-
ful effects of PCB contami-
nation. A high score on this
scale represents a low level
of responsiveness to the
negative publicity.

Snagging is the practice of
catching fish by rapid re-
trieval of large, unbaited
hooks. It is quite controver-
sial because some anglers
consider it unethical and be-
cause, while mature salmon
that are near death are the
target, fish other than ma-
ture salmon are sometimes
caught. Three questions re-
lated to the angler’s percep-
tion of the legitimacy of
snagging were combined to
form the scale, SNAG. A
high score on this scale is
indicative of a negative at-
titude toward snagging prac-
tices.

The seven variables that com-
prise this scale all pertain to
the angler’s perception of
the effects of the number of
other anglers on their fishing
enjoyment. A high score on
this scale reflects a relatively
favorable perception.

5.8

9.7

3.0

3.2

24.2

33.3

12.0

16.0

14.5 .65

25.8 52

6.8 .53

929 .70

* The reliability coefficient, Chronbach’s Alpha, is given by

K

Alph K _ 1225
Pha = 1 s2

where S? is the variance of variable i and S77 is the variance of the sum over the K items.

and the third scale index, SNAG, suggests
that the infrequent angler is more likely o be
tolerant of the activities of other anglers than
is the serious fisherman. Based upon the
significance of these attitude indexes, we con-
clude that it is important to include them in the

estimated equation. The last variable, the boat
ownership dummy, has a positive and sig-
nificant coefficient estimate indicating that
people who own boats tend to fish in Lake
Michigan more frequently than those who do
not own boats.

Copyright © 2001 All ﬁightsﬁeserved
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Table 2. Empirical Tests of the Assumptions
Implied by the Theoretical Model

Test for the Independence of Income

Loglikelihood excluding income 2,426.0

Loglikelihood including income -2,420.9
5.1

Test for the Independence of Time

Loglikelihood excluding retire 2,427.3

Loglikelihood including retire 2,426.0
1.3

The predicted desired number of site recre-
ation days, Z,, is given by

- K o~
_ (B @
® Z,= (Al ) + k};l(Al)sk
T\, Ak
+ (T1) P+ (———Al )VT.

While equation (8) gives the underlying rela-
tionship between visitor days and the indepen-
dent variables of the model, the desired num-
ber of site recreation days only coincides with
the observed number of site recreation days
when both are positive. Clearly, for the pur-
poses of demand and welfare estimation only
positive observed days matter since people
who fail to visit the site do not derive utility
from visiting the site. Therefore, the utility
maximization model (2) applies only to indi-
viduals with positive desired and observed
visitor days.

The expression for the predicted positive
observed number of site recreation days, Z*,,

Table 3. Recreation Days Results
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can be found by adding an adjustment factor
to equation (8). Hence,

* = 5 $(=2,/0)
©) 2 = 2, + 8 g e

where & is the estimated standard error of the
regression, ¢ is the standard normal density
function, and ® is the cumulative normal den-
sity function (Maddala). Individuals with posi-
tive observed days tend to have positive error
terms in their underlying desired number of
days equation. Therefore, the underlying de-
sired visitor days equation has to be incre-
mented by this positive error term for individ-
uals known to have visited the site in order to
give an accurate prediction of the individual’s
desired (and observed) visitor days. For ex-
ample, the mean value of Z,, the predicted
desired number of Lake Michigan fishing days
for the general population, is —76 while the
mean value for Z*,, the predicted number of
Lake Michigan fishing days for the user popu-
lation, is 32.

In the next section we calculate the average
individual angler’s total compensating varia-
tion from fishing in the Wisconsin portion of
Lake Michigan. The welfare estimates cal-
culated using the ML parameter estimates are
compared to those computed from OLS esti-
mates,

Welfare Estimates

A convenient attribute of the utility speci-
fication, (2), is that the resultant demand equa-
tion is a Hicksian compensated demand equa-
tion. Thus, the compensating variation and
equivalent variation welfare measures are

Variable OLS Coefficient Standard ML Coefficient Standard

Variable Description Name Coefficient Estimate Error Estimate Error
Monetary cost P 1/A1 ] (.08) —1.79%* (.36)
Monetary equivalent of

time cost VT AkiAl —.05%* (.03) —.51%* (.11)
Attitude scale 1 GOODWILL —al/Al —1.11** (.42) —8.94%* (1.78)
Attitude scale 2 PCB —-a2/Al 2.64** (.44) 5.68** (1.68)
Attitude scale 3 SNAG —a3/Al 2.46%* (.54) 8.73%* (2.35)
Attitude scale 4 CONGESTION —ad/Al —.36%* (.33) —3.46** (1.08)
Fishing success rate SR —a$S/Al -.01 .03) .03 (.14)
Boat ownership dummy OWNBT —a6/Al 9.19** (2.85) 20.2%* (10.23)
Intercept INTERCEPT —a0/Al —23.65%* (15.66) -26.39 (60.58)

Notes: The number of observations = 560; chi-squared with 8 degrees of freedom = 138.85.

# Double asterisk indicates significance at the .01 level.
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equivalent to ordinary consumer surplus.
Given the implied source of error in our re-
gression model (either omitted variables or hu-
man indeterminacy), the formula for the ordi-
nary surplus is

-72
1

2 1)
(Bockstael, Hanemann, and Strand). Here, Z
is defined as the individual’s actual number of
site recreation days and P™* is the price that
drives the number of recreation days to zero.
Actual, rather than predicted, recreation days
are used to compute welfare except in cases
where the predominant source of error is be-
lieved to be due to measurement error in the
dependent variable (Bockstael and Strand).

The estimates of (10) obtained from sub-
stituting the ML likelihood and OLS estimates
for 1/A1 into (10) will differ in proportion to
the difference in the size of the two price
coefficients.

The OLS estimate for 1/41 leads to con-
sumer surplus values which exceed the ML
calculations by a factor of 3.6. The mean con-
sumer surplus per recreation day is only
$20.35 for the ML model but is $73.52 for the
OLS model. Aggregating the consumer sur-
plus estimates to the full current user popula-
tion gives estimates of approximately $55
million and $200 million, respectively.

Unfortunately, since we have the ML es-
timator of 1/A1 rather than the true parame-
ter, the estimate of ordinary consumer surplus
obtained from substituting 1/A1 into (10) is
biased (Bockstael, Hanemann, and Strand).
That is,

an

: pra
a0 cs=[  zpup =

-7
——
2(1/A1)

wl;ich has an expected value approximated
by

CS =

(12) EC3) = Zi
~2{ar)
ik
1+ ——1—““7_.
(ar

8 The expected value is approximated by
Elxly] = Ex)/E(y) — covx, WEMF + Ex)var()/IE®)P}.
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Thus, the estimate of ordinary consumer sur-
plus obtained from substituting (1/A1) for (1/
Al) is biased by the factor var (1741)/(1/A1)%.
Lacking knowledge concerning the value of
the true parameter, it is impossible to calcu-
late the bias preciselg.%)wever, it can be
approximated by [oc*(I7TAT)/(1/A1)> or 1/
ratio)* (Bockstael, Hanemann, and Strand).

The estimate of the bias in our welfare cal-
culations is 4% of the total. Thus, our cor-
rected estimate of the mean consumer surplus
per recreation day is $19.54.

Summary and Conclusions

In order to obtain an estimate of the welfare
that anglers derive from recreational fishing in
Lake Michigan, we estimate a travel-cost-
based demand equation, which is derived from
a model of utility-maximizing behavior. The
utility function we specify postulates that indi-
viduals derive utility from time-intensive
goods as well as from goods with a monetary
price tag, but that both types of goods are
separable from the total number of days spent
fishing for recreation in Lake Michigan.

This total number of recreation days is the
product of the number of trips to the site and
the average number of days per trip, which is
predetermined in our model. Our theoretical
model is appealing because it allows for the
fact that different consumers will choose to
take their recreation days in trip packages
most ideally suited to them.

Although we assume that the individual’s
length of stay is predetermined, it is not con-
strained to be the same for all recreators. The
econometric implication of our model is that
on-site time must be included on the right-
hand side of our travel-cost-based recreation
demand equation. This is an improvement
over past travel-cost-based demand equations
which omitted on-site time altogether and
thereby assumed implicitly that all individuals
consumed trips of equal length.

Our best estimate for the value of Great
Lakes fishing is $19.54 per day. A comparison
of this amount computed using estimates from
an ML estimation procedure for truncated
samples with consumer surplus calculations
based upon OLS estimates confirms the ex-
pectation by some that severe biases from us-
ing the latter procedure are likely. Ordinary
least squares produced consumer surplus esti-
mates that were approximately three and one-

Copyrlgﬁf © 2001 Al Rights Reserved
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half times the size of the maximum likelihood
estimates. For this reason we recommend that
estimation procedures appropriate for data
with limits on the dependent variable be em-
ployed for travel cost demand analysis.

[Received January 1984; final revision
received June 1985.]
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