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It was my privilege to serve as Head of the Department of Agricultural Economics at
Oregon State University at the time the research underlying this publication was done.
This research was among the most original done in the Department during the six
years I occupied the position of Head of the Department. Various unpublished ver-
sions of this work have already been referred to in the literature and utilized in gradu-

The authors do not believe theirs to be the last word on this subject, and suggest
that their work may have its principal value in the stimulation it provides others who
wish to research this complex subject. The literature review in this publication under-
lines the evolutionary nature of this body of theory. The original theoretical treatment,
and the surprising conclusions about the nature of outdoor recreation as a good in
consumption reported on herein, should serve as a substantial stimulus to further con-
tributions to this literature.

Perhaps because they recognized that the subject being investigated is an
evolving one and that much work remains to be done, the authors subjected their
manuscript to an unusually rigorous review process. While the reviewers varied with
respect to the nature of their criticisms, they were in agreement that the research was
original and that it should be brought to the attention of the profession. Lam very
pleased that this has been done.
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It is an honor to be asked by the authors to write a foreword to this publication.

ate programs around the country. The authors have performed a significant service to
the profession in making their findings available in published form which will facilitate
further research and thinking on this difficult and important problem area.

EMERY N. CASTLE
Corvallis, Oregon

December 30, 1975
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During the last 15 years economists have devoted increasingly larger
proportions of research resources to the demand for outdoor recreation.
This is not surprising. The demand for outdoor recreation appears to have
been increasing. In many instances the provision of these services has
become competitive with other uses of natural resources. Indeed, a seri-
ous allocation problem is often encountered even in the choice among

recreational services, an important technological constraint for research in
this area was released. Subsequently, work was directed at a broad range
of public policy issues involving the allocation, evaluation, and pricing of
outdoor recreational services. So widespread has been the application of
these techniques that most professional economists with major interests
in natural resource problems consider at least a general knowledge of
these tools to be essential. Nevertheless, many conceptual and empirical

Some are not unique to this commodity, but apply to demand analysis in
general. The foremost example is the incorporation of constraints other
than the consumer's money budget into the demand function. Others lie
at the heart of the non-marketability aspect prevalent in outdoor recrea-
tion. The empirical specification of the effects of substitutes on the de-
mand for certain recreational services, as well as the measurement of "op-
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Introduction

several alternative recreational uses.
When Hotelling [8] and Clawson [2] developed a methodology

which lent itself to the estimation of the demand for extra-market outdoor

problems remain in the estimation of the demand for outdoor recreation.

tion demands," are still in the beginning stages. Other unsettled funda-
mental issues relate to the specifications of the quantity and price vari-
ables commonly used in recreation demand models. This paper treats
some of these issues.

The original Clawson analysis was concerned with estimating the
demand function for the recreational services provided by somewhat
unique resource complexes-several of the National Parks [2]. Subsequent
analyses concerned with a variety of resource situations, including some
which cannot realistically be considered to be unique, have not deviated
from the basic Clawsonian conceptualization of the analytical problem,



essentially, empirical. An effort to provide an appropriate theoretical spec-
ification of the problem has been made by both Pearse [11] and Gibbs
[5], working independently of one another. Pearse was concerned with
big game hunting in the East Kootenay, British Columbia. He estimated
the consumer's surplus without the use of a demand curve (although one

although they have, of course, introduced a number of innovations relat-
ing to particular aspects of the analytical procedure.

The Clawsonian approach to the analysis of consumer demand is,

can be derived from the consumer's surplus computations). Gibbs at-
tempted to develop an empirical analysis based upon a theoretical de-
mand specification, in an effort to estimate the recreational values accru-
ing to a reduction in algae production in Upper Klamath Lake, Oregon.

The present paper undertakes to review briefly the approach of
Clawson. Then we suggest an alternative approach. We apply both of
these methods to a common data base, the recreational use of the Bend
Ranger District in the Deschutes National Forest in Oregon. The inten-
tion is not to compare the two analyses with a view to establishing a pref-
erence ordering (in many respects, the models are not fully comparable),
but to identify what we believe to be the current state of the arts in this
increasingly important area, and to isolate possible directions in which
further developments are both necessary and probable. Specifically, we
shall focus upon the recreationist's decision to participate in recreation at
a certain site. In contrast to most of the earlier work in demand estimation
for outdoor recreation, our approach is directed primarily at the recrea-
tionist's decision of how long to stay at a given site after he has made the
trip to it. This has some important implications with respect to the empiri-
cal specification of the variables in the demand model and the level of
aggregation required of individual observations. We attempt also to make
explicit certain characteristics of the demand functions which we derive.
Their implications for the derivation of consumer's surpluses and value
estimates shall become apparent. Our paper is mainly a report of a series
of experiments conducted with the alternative models and the recrea-
tional data for the Deschutes National Forest.

The Hotelling-Clawson Model

Before turning to the Hotelling-Clawson' model directly, let us con-
sider the elements of demand analysis. First, the indifference curves (U1)
in Figure 1 are assumed to be "well-behaved." Each curve reflects a cer-

1 We want to caution the reader about our use of the "Hotelling-Clawson" de-
scriptor of this approach. We use the term to identify a widely used set of methods to
estimate the demand for extra-market outdoor recreational services. It is shown below
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Figure 1. The consumer's preferences for Xl and X2 and his budget constraints,
given three prices of X1.

taro level of satisfaction. The consumer would be indifferent about con-
suming any of the combinations of outdoor recreation (X,) and all other
goods (X2) represented by an indifference curve. Moving outward from
the origin, each successive indifference curve indicates a higher level of
satisfaction.

If we considered both X and X2 as market commodities, the combi-
nations of X, and X2 which would be obtainable by the consumer would be
a function of his budget and of the prices of the commodities. If the con-
sumer's budget were M and the prices of X, and X2 were P°, and P°2
respectively, the line between the points Mi/P°, and M1/P°2 would indi-
cate the limit of the attainable bundle of X, and X2. Satisfaction would be
maximized at Point A with the consumption of x°i and X°2. No higher in-

that Hotelling's and Clawson's ideas were fundamental to the development of this
approach. To what extent their ideas were developed independently from one another
is unclear. Clawson [2: p. 3] referred to the work in which Hotelling's 1947 letter was
buried [8] but not to the letter itself. Many individuals have contributed to this
subject during the past decade, but the careful student will note that most of the
ideas were suggested by Clawson in 1959.



If the price of XL rises, the budget constraint will become steeper. For
prices P', and P",, the optimal budget allocations will be given by x',, x'2,
and x',, x"2, respectively. Plotting the three prices against their respective
quantities of X, (Figure 2), yields the demand curve for X,.

Of course, for the kinds of outdoor recreational services under con-
sideration here, market prices are not available. It is in this context that
the Hotelling-Clawson contribution becomes effective. As von Thuenen
used the cost of transportation of agricultural products to the market as
the principal explanatory variable for differences in agricultural land use
[12], so Hotelling used transportation costs to explain differences in rec-
reational behavior. Hotelling suggested that demand curves could be de-
rived by observing the rate of participation of certain population groups
in outdoor recreation, at a given site, as a function of the average costs re-
quired to move participants from that population group to the site. The
demand function thus derived could be interpreted in the same manner
as other demand curves, and could become the basis of an estimate of

P1

P1

Po
1

xl

6

difference curve can be reached than U3; the relevant budget constraint
is tangent to it at A.

value of the recreation site [8].
The manner in which the above function is derived specifies the

quantity variable as a participation rate in outdoor recreation at the site
by a given population group. To express the quantity variable in some ab-

xlII xl xl0

Figure 2. The consumer's demand curve for X1.



solute measure of recreation days taken per unit of time, the transport
cost as a proxy for the "price variable" in the above function is varied, and
the response in the number of recreation days taken by the various popu-
lation groups is observed. Thus, a second function is derived which re-
lates "price" to some absolute measure of the quantity taken. This deriva-
tion is possible only with the employment of some strong assumptions
about the homogeneity of preference structures among the various popula-
tion groups. Nevertheless, the Hotelling-Clawson contribution remains as
the application of the idea that the consumer's sacrifices made (largely in
terms of the money costs of overcoming the distance between his residence
and the recreational site) per unit of outdoor recreational services con-
sumed, can be taken as a proxy for the market price of this commodity.
The derivation of the Clawsonian demand function implies that consum-
ers view this "price" in the manner of P:, (Figures 1 and 2).

The estimated demand function reflects not only the consumer's
preferences for the services of the recreational site per se, but also other
aspects of the overall recreational experience of which the visit to the site
is a part. Clawson points out that, in addition to the recreationist's experi-
ences at the site, he may derive utility or disutility from the anticipation
of and preparation for the visit. He may perceive traveling to the site as
being pleasant or unpleasant, and similar responses may be elicited by
the return trip and subsequent experiences which draw upon the recrea-
tion visit [2: p. 18].2

An Alternative Analysis of Consumer Demand

As in the preceding discussion, we assume that the consumer has a
utility function in which recreation at the site in question appears as one
argument while all other goods and services, excluding transportation to
the site, aggregated as Hicks-Allen "money," is the other argument. It is
further assumed that the indifference curves appropriate to this utility
function intersect the "money" axis, but are asymptotic to the recreation
axis, or to some line parallel to, but above, the recreation axis. This is
equivalent to assuming that "money" is a necessity of life, the consumer

2 Clawson, and some investigators using his framework, have drawn a distinction
between the first of the functions we discussed above, as referring to "the demand
curve for the recreational experience as a whole" while the second is to reflect "the
demand curve for the recreational site itself." This distinction is not clear to us. In the
derivation of the second response function from the first, no new information is intro-
duced on the basis of which the consumer's evaluation of the overall recreational
experience could be separated into its various components.



always consuming some of it regardless of income or relative prices,'
whereas recreation at the site is not a necessity. The indifference curves
(U,, and UI) in Figures 3 and 5 reflect this assumption; in addition, it is
implicitly assumed that both "money" and recreation at the site are com-
modities, i.e., given his choice between two alternative consumption

Given the consumer's income, say Yo, and the price of "money," which
we assume to be constant and equal to one, the consumer would be able
to spend it all on "money," attaining thereby the level of satisfaction rep-
resented by the indifference curve labeled If,, in Figures 3 and 5, provided,
of course, that he does not consume any recreation. In order to include
recreation at the site, the consumer must incur two types of costs: a trans-

reation consumed, will be referred to as the "price" of recreation. Assum-
ing that the act of traveling to the site, in and of itself, is not a source of
utility to the consumer,' and that the price of recreation is Po, the con-
sumer could consume Q. units of recreation, attaining utility of Uo-the
same level of utility which he could obtain if he were to forego recreation
altogether, i.e., the consumer would be indifferent between recreating
and not recreating at the site.

opportunities differing only in the quantity of one of the two goods in
eluded, the consumer would always choose the alternative containing the
greater quantity of the variable good.

portation cost, say Ko, required to transfer him from his residence to the
recreation site, and a cost which varies proportionately with the quantity
of recreation consumed. This latter cost, divided by the quantity of rec-

If, however, the price of recreation were less than Po, say P,, the con-
sumer would no longer be indifferent concerning the inclusion of recrea-
tion in his consumption. Given his income (Yo) and the cost of transporta-
tion to the site (Ko ), the consumer would choose to consume Q'o ( > Q.)
units of recreation at the price of P,, since, by so doing, he can increase
his utility to U, ( > Uo). If, on the other hand, the price of recreation
were greater than Po, the consumer would choose not to consume any
recreation whatsoever, since to do so would necessarily reduce the level of
utility obtained to something less than Uo. In a sense, then, the price Po is
a "critical" price in that it divides the spectrum of possible recreation
prices into two mutually exclusive groups: those prices at which the con-
sumer would not recreate at the site (P > Po) and those prices (P < Po )
it which the consumer would travel to the site in order to consume some
recreation. Similarly, the value Qo, associated with Po, can be considered

8 Provided, of course, that income is greater than zero and the price of "money"
is less than infinity.

4 This assumption has been stated in the preceding paragraph.
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to be a "critical" level of consumption of recreation, since it divides the
spectrum of recreation consumption into two mutually exclusive groups:
those levels of consumption less than Q, which the consumer, given his
income and the costs of transportation, would never voluntarily choose to
consume, and those levels of consumption which he would voluntarily
choose to consume.'

crease his consumption of recreation above Q. The locus of combinations
of recreation and "money" which the consumer would purchase at various
prices less than Po is indicated in Figures 3 and 5 by the curves labeled
PoP, and in Figures 4 and 6' by the curves labeled d0d'0. The latter curves
will be referred to as "more-or-less" demand curves indicating the quanti-
ties of recreation consumed at various prices of recreation, given that the
consumer chooses to recreate at all.

tion, he is forced to consume less than Q',,. In this case the "critical" price of recreation
must be less than P.; if the available time is greater than Q,,, but less than Q'o, the
"critical" price wou'.d still be P,,. In the first situation, the consumer would always con-
sume up to the limit of his available time provided, of course, the actual price was
less than his "critical" price. In the latter situation, as P decreased from P,,, he would
increase his consumption of recreation up to the time constraint, but never beyond it.

As the price of recreation decreases from Po, the consumer would in-

Mathematically, the "more-or-less" demand curve may be written:

(1) Qi = f[(Pi - P*i); Q1°];
where Qi is the number of recreation units consumed, Pi is the actual
price paid by the i"' consumer for recreation, and Pi* and Q i ° are his
"critical" price and recreation consumption, respectively. From the dis-
cussion above, we can impose the following conditions:

1) if Pi > P10, then Q, = 0;

2) if Pi=Pi°, then either Qi=OorQi=Qi°;
3) if Pi < Pi °, then Qi > Qi °.

It is convenient, at this point, to ignore the possibility that Qi = 0,7 and to
write Equation (1) in explicit functional form as:

5 The term "voluntarily" is employed here to emphasize the nature of the con-
straints under which the consumer is assumed to exercise his choice, i.e., the freedom
to consume as much recreation as he wants to consume under given price conditions.
An example of "involuntary" consumption would be one in which the consumer would
want to consume Q'o units of recreation at the price of P1, where the recreation unit is
one "day" but, because of a constraint on his time he can allocate to outdoor recrea-

6 Figure 4 has been constructed from Figure 3, and Figure 6 from Figure 5.
7 The basis for ignoring situations in which P > P° is provided below in the

discussion of empirical application of this model.



The determinants of'. Pand Q° are the level of the consumer's in-
come, his transportation cost, and his utility function. Suppose the cost of
-transportation were to increase from Ko to K2, income and the price of
-recreation remaining constant at Yo and Po, respectively. Clearly, the con-
sumer would not choose to recreate at the site in question, since a budget
constraint drawn from (Yo - K,) in Figure 3 or Figure 5, with a slope
equal to Po, would lie below U. at every point. It is, however, possible to
construct a budget constraint -from, (Yo - Kt) with a lower slope, indicat-

P

0

(la) Qi -Qig -eaiiiP' ; an < 0.

P1

Qo Q1 Qo

Figure 4. Consumer's "either-or" demand curves (DOD', and D1D'1) at two levels
of income (Yo < Y1) and the "more-or-less" demand curve (dod'o) for income Yo,
transportation cost KO: on-site recreation is a normal good.
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in Figures 3 and 5. The slope of such a constraint (P, in this case) is itself
a "critical" price, dividing the spectrum of possible recreation prices into
the two mutually exclusive sets: those prices at which the consumer would
not choose to recreate, i.e., those prices greater than P,, and those prices
(less than P,) at which the consumer would choose to recreate.

For each possible level of transportation cost, given the consumer's
income and his indifference map, we can determine an appropriate "criti-
cal" price of recreation. Furthermore, it is clear that as transportation cost
(K) increases, the "critical" price must decrease, i.e., P° must be an in-
verse function of K. With each possible value of P°, in turn, there will be
associated a unique value of Q°-the "critical," or minimum, quantity of
recreation demanded by the consumer. This minimum level of recreation
demanded varies inversely with the value of the critical price, increasing
as P° decreases and vice versa. This latter relationship will be referred to
here as an "either-or" demand curve, since the consumer will either con-
sLime Q° units of recreation when the price is equal to P°, or he will not
consume any recreation at the site at all. The "either-or" demand curves
for the consumers whose indifference maps are drawn in Figures 3 and 5,
assuming they have equal incomes of Yo, are indicated by the curves
labeled D,D', in Figures 4 and 6, respectively.

sinner of Figure 3, d.& (P° = P,,, Q° = Q) extends to the right and
above I) D',, from the point do, whereas that of the consumer of Figure 5
extends to the right but below DD',, from Point d (P° = Po, Q° = Q,).
In the former case, the slope' of the "more-or-less" demand curve is
greater than the slope of the "either-or" demand curve; in the latter case,
the reverse statement is true. From each point on the "either-or" demand

ing a recreation price less than Po, which will be tangent to Uo; such a
constraint is is represented by the straight line

Yo - Ki
(Yo - Ki),

PI

The position of the "more-or-less" demand curve relative to the
`either-or" demand curves of the two consumers is different: for the con-

curve we can construct an appropriate "more-or-less" demand curve, as in
Figure 7, where dod'o and did' represent the "more-or-less" demand
curves when transportation cost is Ko and K, (K, > Ko) respectively, and
income is equal to Yo.

The effect of a change in the cost of transportation on the quantity of
recreation demanded by each of the two consumers, assuming the actual

in P.
8 The slope of the demand curve is defined as the change in Q per unit change

1:1
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Figure 6. "Either-or" demand curves (DOD'() and D1D'1) at two levels of income
(Yo < Y1) and "more-or-less" demand curve (dod'o) for income Yo, transportation
cost K0: on-site recreation is an inferior good.

price of recreation to be the same for both, and transportation costs to be
Ko for both consumers, can be clearly seen in Figure 7. If the actual on-
site price is less than P0* but greater than P1°, both consumers would, ini-
tially, consume some recreation but, subsequent to an increase in K, would
no longer consume any recreation, since the actual price would now ex-
ceed their respective "critical" prices (P1°). If the actual price were less
than Pl°, both consumers would continue to recreate at the site, but the
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straint from the point (0, Y, - 'Ko )1-' and tangent to the indifference curve
U, would represent a "critical" price (P2) greater than Po for the consumer
of Figure 5. The values of Q associated with these. "critical" prices would
be greater than, and less than, Qo, respectively. Similar results are forth-
coming if we hold transportation cost constant at K,, while increasing
-income to Y,. The resulting "either-or" demand curves for the two con-
sumers are indicated by the curves AD', in Figures 4 and 6, respectively.'-
From each point on D,D', we can construct an appropriate "more-or-less"
demand curve, as we did earlier in the case of DAD',,."

,I

consumer of Figure 3 would decrease his consumption from Q° to Q1
[Panel (a), Figure 7], while the change from Q° to Q1 would mean an
increase in recreation for the consumer of Figure 5 [Panel (b), Figure 7].
This difference in consumer response to a change in transportation cost is
due to a difference in the properties of the consumers' respective indiffer-
ence maps, or utility function (if one prefers)-a difference which is re-
flected in the relative slopes of their respective "more-or-less" and "either-
or" demand curves.9

In addition to transportation cost, the "critical" price of recreation for
a particular consumer will depend upon his income level. Suppose that
each of the consumers above received an increase in income (to Y1) suffi-
cient to enable him to reach U1 without consuming any recreation.10 If
transportation cost is held constant at K°, construction of a budget con-

As before, there is a difference in the nature of the effect of an in-
crease in the incomes of our two consumers: an increase in income shifts
the "either-or" demand curve of one consumer (Figure 3) to the right,
that of the other consumer (Figure 5) to the left. Furthermore, the direc-
tion of the shift in the "either-or" demand curve is uniquely related to the

9 The differences in utility functions of Panels (a) and (b) are indicated by the
statements (y, - a,) </> 0, respectively, where a1 is the slope of the "more-or-less"
demand curve and y, is the slope of the "either-or" demand curve.

10 Examination of Figures 3 and 5 shows that the increase in income must be
greater for the first consumer than it is for the second, under the assumptions implicit
in the diagrams.

11 This point and its associated budget constraint are not shown graphically.

12 The curves labeled KOKO and K1K1 in Figures 4 and 6 indicate the locus of
(P°, Q°) combinations as Y changes, transportation cost constant at KO and K
respectively.

13 We do not show any of the "more-or-less" demand curves associated with
D,Di in either Figures 4 or 6; the reader is referred to Figures 8 and 9 for a graphical
presentation of such curves.



pings in each case. Several possible K,K0 curves, together with appropriate
"either-or" and "more-or-less" demand curves, are diagrammed in Figures
8 and 9." In all cases the demand curves carrying the higher-valued sub-
script denote the curves associated with the higher level of income.76

15 It is possible, of course, that either P° or Q° is not affected by a change in
income and, indeed, that neither P° nor Q° is affected. This latter situation would
prevail if the marginal utility of "money" were constant; if this were true, the dodo
curve would coincide with the DD' curve for all points on the latter lying below
PO° and Q°. The effect of a change in income, ceteris paribus, on the consumption of
recreation would be zero under these circumstances.

slope of the consumer's "more-or-less" demand curve relative to his orig-
inal "either-or" demand curve. If the slope of dod'o is greater at do than
is the slope of D0D'o at that point, an increase in the consumer's income
will define a new "either-or" demand curve D1D'1 to the right of DoD'o;
if, on the other hand, the slope of dod'o is less than the slope of DoD'o at
do, D1D'1 will lie to the left of DoD'o. This conclusion follows from the
differential nature of the "either-or" and "more-or-less" demand curves;
the level of utility along the former type of demand curve is constant, but
varies along the latter, increasing as the price decreases, quantity con-
sumed increasing. Thus, the utility along DoD'o is Uo; along dod'o it in-
creases as one moves along the curve from do.14 Thus, an increase in in-
come which defines an "either-or" demand curve along which utility is
greater than Uo must share one point in common with the dod'o demand
curve-the point at which the utility level on dod'o is equal to that along
D1D'1. This condition is true of both situations depicted in Figures 4 and
6; it is, clearly, impossible to satisfy the condition under the assumptions
made here, if an increase in income shifts the "either-or" demand curves to
the left while the "more-or-less" demand curves lie to the right of the
original "either-or" demand curve, and vice versa.

While the relative slopes of D.U. and dod'o provide information
about the direction of shifts in the "either-or" demand curves as the result
of a change in income, there is no way a priori of specifying the effects of
a change in income on the values of P° and Q* separately, given no
change in the cost of transportation. In Figure 4 (derived from Figure 3),
P° increases while Q* decreases, K constant, as income increases; in Fig-
ure 6 (constructed from Figure 5), both P° and Q* decrease as income
increases. There is no apparent reason why these effects could not be re-
versed with slight modifications of the different indifference map-

14 At which point, of course,it is Uo.

16 The differences in these diagrams are discussed further below.
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The differential effects of a change in income on the demand for on-
site recreation (Figures 8 and 9), can be identified easily in terms of the
parameters of the structural equations (2a) and (3a). In Figure 8, Panel
(a), for example, an increase in income, ceteris paribus, increases the
value of both P° and Q* (i.e., /32 > 0, y_ > 0) ; in Panel (b) the value of
P° increases, but the value of Q* decreases (R_ < 0, y2 > 0). The differ-
ences between the panels of Figure 9 can be identified similarly, as noted
by the statement concerning R_ and yr associated with each diagram. One
should note that in Figure 8, despite the differences in the effect of income
change on P° and Q°, the slope of the more-or-less demand curve is, in all
cases, greater than the slope of the "either-or" demand curve, i.e., (a, - y,)
< 0, as in Figure 4. In Figure 9, on the other hand, the slope of the "more-
or-less" demand curve is always less than the associated "either-or" demand
curve, i.e., (a, - y,) > 0. The significance of this difference is apparent if
one assumes that the actual price of recreation, in all cases, is less than
the lowest indicated value of P° in each diagram. Under such circum-

The discussion of the determinants of the factors determining the
values of Pi* and Qi* can be summarized in the following equations:

aPi° aPi* >
(2) P;° - gi(Ki, Yi) where < 0, - 0;

aKi aY1 <

aQl° aQi* >
(3) Ql° = hl(Pi°, Y1) where < 0, - 0;

aPi° aYi <
Giving specific functional form to these generalized functions, we have:

(2a) Pi* - PiiK1 + $21Y1;

(3a) Qi° ^ e ylipi + y2iy 1.K

P11 <0, R21 - 0.

711<0,721-0.

Substituting these equations defining Pi* and Q° in Equation (la) above
gives:

+ +(4) Qi = ealipi + R11(y11 - a11)K1 + ['y21 + R2i(yli - a11)]Yl.

Equations (1a), (2a), and (3a), together with the constraints on the
values of the coefficients ail, Rii, and yti, represent the structural equations
of the alternative theory of the demand of the i"` consumer for on-site
recreation offered here.



stances, an increase in income would, in all cases diagrammed in Figure ti,
result in an increase in the consumption of recreation, i.e., recreation is a
normal good to the individual consumer. In Figure 9, however, recreation
would be an inferior good, since the effect of an increase in income would
be to reduce the quantity of recreation consumed.

The significance of the differential effects of changes in income on P°
and Q°, then, is in terms of the consumer's decision as to whether to con-
sume any recreation whatsoever. If we assume, for example, that the ac-
tual price of recreation is, in all cases, initially equal to Po°, so that recrea-
tion is in each case marginal, the possible decisions as to whether to con-
tinue, or to discontinue, recreating can be summarized as follows:

Panel Figure 8 Figure 9

(a) Continue and increase Q Discontinue
(b) Continue and increase Q Discontinue
(c) Discontinue Continue but decrease Q

Even though recreation may be a normal good as defined above, an in-
crease in income can, nevertheless, result in a decrease in the quantity of
recreation consumed by the individual recreationist (Figure 8, Panel (c) )
from Qo* to zero.

Equation (4) is the reduced-form equation appropriate to this
theory. Ideally, one would prefer to evaluate the model on the basis of
the structural relationships. In the present case this is impossible, since
we do not have any observations on "critical" prices and "critical" quanti-
ties; at least, we do not know if we have any observations on these vari-
ables. Thus, in our empirical analysis, we are forced to use the reduced-
form equation; consequently, we can test only one of the parameter con-
straints, «l;, directly. The results of this test, and some additional hypoth-
eses based on our empirical results, are presented following a discussion
of the data employed in the analysis and an application of the Hotelling-
Clawson model of consumer demand using these data.

The Common Data Base

In the preceding two sections we described two conceptual models
for estimating the demand for outdoor recreation. We discuss the applica-
tion of these models by turning first to their common element, the empir-
ical data.



Hood

Study Area
The data used for the empirical analyses contained in this paper

were obtained from a sample of summer outdoor recreation participants
interviewed in 1967. The personal interviews were taken in the Bend
Ranger District of the Deschutes National Forest.

The Bend Ranger District can most appropriately be defined as a
resource-based facility [3]. It is located in Oregon on the east side of the
Cascade Mountain Range, southwest of the town of Bend. A portion of
the Three Sisters Wilderness Area lies within the boundaries of the Dis-

Bend Ranger District

Figure 10. The study area in Oregon (Bend Ranger District of the Deschutes
National Forest).

trict. The location of the study area is shown in Figure 10. The District
occupies a land area of approximately 540,000 acres of the 1,500,000 acres
contained in the Deschutes National Forest. Of the estimated 3,250,000



reasonably
developments,

The sample was drawn by dividing designated summer recreation
sites and trails in the Bend Ranger District into two strata. The two strata
were defined on the basis of accessibility. 'More recreation visits were
observed at the easily accessible sites than at the less accessible ones. If
the sample were distributed to each site on the basis of the proportion of
visits taken at the site to the total recreation visits for all sites, many obser-
vations would be made at the easily accessible sites, while relatively few
would be attained at sites more difficult to reach. To insure that the sample
would reflect the user population at all sites sufficiently well to support
the statistical analyses, all those sites which were accessible only via trails

A visitor day, as defined by the U.S. Forest Service, is one visitor staving 12
hours, or two visitors staying 6 hours, etc. A recreation visitor is a person who enters
a site for the purpose of engaging in outdoor recreational activities.

" The basic economic models employed in this paper arise from the neoclassical
theory of demand which relates to the individual decisionmaker. When our models
do not deal explicitly with individual decision processes, it is still assumed that the
model for the recreation group is the same as that developed for the individual recre-
ationist. No attempt is made to account for the interdependencies of utilities which
may be involved in the actions of the recreation group.

23

visitor days14 in the Deschutes National Forest in 1966, 1,174,000 were
taken within the Bend District. The District is located a substantial dis-
tance from major population centers; therefore, these visits are generally
related to overnight or weekend trips. Recreation activities undertaken
by these visitors within the District range from backpacking into wilder-
ness areas to relaxing on a resort patio. Visitors to the District come pri-
marily from Oregon, California, and Washington.

In 1967 there were 59 designated summer recreation sites and trails
in the Bend Ranger District. These range from trails and shelters to camp-
grounds and resorts. The trails and shelters are the most prifiiitive. Among
the campgrounds a range of development exists. However, even the most
highly developed campgrounds lacked some facilities frequently found
elsewhere. For example, there were no campgrounds with showers or with
hookups for campers. The resorts were the most intensively developed
areas and are comparable to these types of facilities elsewhere.
In terms of manmade some sites include only simple gar-
bage collection and sanitary facilities, and others are resorts with cabins,
restaurants, and concessions.

Sampling Procedure
The recreation group was the sampling unit for the data collection. A

recreation group is defined as a group of recreationists encountered, par-
ticipating together in outdoor recreation activities at the site.18



One further classification of the sample data was undertaken. While
the concern was partly with estimating the demand for the total recrea-
tional facility represented by the Bend Ranger District of the Deschutes
National Forest, it is also recognized that perhaps widely different recrea-

or unmaintained dirt roads were considered as "difficult to reach." Thir-
teen of the 54 sites (no attendance records were available for 5 of the 59
sites) were included in this category, and the remaining 41 were consid-
ered to be easily accessible and were placed in the other stratum. The
sample was then allocated to each of the two strata on the basis of the
proportion of sites in each stratum.

Using the estimated recreation visits recorded for 1966 by the U.S.
Forest Service, the number of recreation groups to be sampled within
each stratum was distributed to each site in the stratum on the following
basis. The ratio of recreation visits to each site in 1966 to the total number
of recreation visits in the stratum was calculated. The number of recrea-
tion groups to be sampled at each site was allocated to the sites on the
basis of this ratio in each stratum. In addition, unofficial data available
over a four-year period, 1963-1966, indicated that use in the District was
not equally distributed throughout the week during the summer recrea-
tion season. The average over this four-year period indicated that 52.5
percent of the visits occurred during the five week days, and 47.5 percent
occurred on the two-day weekends. To account for this uneven use pat-
tern during the week, the total number of recreation groups to be sampled
at each site were distributed to the week days and weekends on the basis
of these two percentages.

For sampling purposes, each site in the two strata was treated as a
substratum, and a systematic sample of recreation groups with a random
start was taken within each substratum. A total of 525 recreation groups
were interviewed, 113 at the more remote sites and 412 at the more ac-
cessible sites. A pre-tested questionnaire formed the basis of the inter-
views.19 Of the 525 questionnaires collected, 45 were discarded because
of irregularities.20 Therefore, the total number of usable observations was
480.

Remoteness Levels

19 A copy of the questionnaire is shown in Appendix I.
20 Sixteen of these were of recreation groups stopping at the Bend Ranger Dis-

trict as a side trip to some other primary destination. Twenty-one were discarded
because of obvious misinterpretation of the questions by the respondents. The re-
maining eight questionnaires were excluded from the analysis because the respond-
ents refused to reveal their family income.



To facilitate the estimation of the demand model, the sample data
had to be classified by geographic location of the recreationists' points of
origin and by the income class of the recreation group. This allows use of
the appropriate deflator of the quantity variable, when the number of
recreation days taken is expressed on a "per capita" basis.

United States and Canada from which the visitor population was drawn
(Figure 11). These zones are approximately concentric with respect to
the Bend Ranger District. The zones were constructed in such a way that
the main population center within each zone was approximately at the
midpoint in terms of the range of travel distances required to reach the
Bend Ranger District from that zone..' The number of recreation days

tional services flow from this set of physical resources. To introduce some
greater degree of homogeneity into the set of characteristics of the com-
modities for which individual demand functions were derived, the ob-
servations were subdivided into five levels. The remoteness of a site or
group of sites, relative to other sites in the Bend Ranger District, was
chosen as the basis of the classification scheme.

The level of remoteness of a site is not independent of other general
site characteristics, especially density of use and the site declassification
system suggested here.21

The classification system was defined in terms of road access to the
site. The sites were grouped in the following way: (1) sites with direct
access from paved roads; (2) sites with access via all-weather roads;22
(3) sites with access via dirt roads; (4) sites with access via primitive
roads; and (5) sites with access via trails. Several trails which did not
lead to a campsite were included in the analysis as sites in remoteness
level [5]. This criterion is only a first approximation of the variable which
we are attempting to measure. A more complex measurement, involving
a better reflection of the time cost of access to the site, would be superior.
In the context of this study, such measurement could not be taken.

Application of the Hotelling-Clawson Model

Six geographic zones were established for the area of the western

21 In other aspects of the study, which are not included in this report, Guedry
accounted for the effect of several other site characteristics. These were introduced
as independent variables in the demand functions (see [6] and [71).

22 An all-weather road is one which has a gravel or crushed rock surface.
23 Concentricity of these zones around the recreation site is not important, as

such. Construction of the zones is only an attempt to minimize variation in travel
costs among recreationists within a certain aggregate.
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Figure 11. Geographic location of the six distance zones.



Table 1. Sample recreation days and recreation groups, by distance zone

Distance
zone

Major
population

center

Number of
recreation days

observed

Number of
recreation groups

observed

1 Bend, Oregon 322 56
2 Eugene, Oregon 847 115
3 Portland, Oregon 1,565 170
4 Seattle, Washington 456 45
5 San Francisco, California 563 49
6 Los Angeles, California 479 45

TOTAL ---=---------------------------- 4,232 480

and groups, classified by distance zone and the major population center in
each zone, are shown in Table 1.

Furthermore, to allow for the estimation of the effect of income on
the quantity variable, the geographic zones were stratified by income
class. This stratification was done on the basis of 1966 state income tax
data for Oregon and California (the states from which most of the visitors
originated), and on the basis of the 1960 U.S. Census data for the re-
mainder of the area in the United States. A slightly more complex system
was required to estimate the sizes of the income classes for British Colum-
bia and Alberta [6]. The results of the classification of the sample data
by income groups within distance zones are shown in Table 2.

Construction of Variables
All variables refer to what was previously defined as the "recreation

group." In constructing the averages of the individual observations over
the income-distance zones, the individual observations on the independent
variables were weighted by the number of days the individual group
stayed at the site. Thus, greater contribution made to the dependent vari-
able by recreation groups staying more instead of fewer days at the site is
also reflected in the independent variables.

The quantity variable is defined as the number of recreation group
days per 1,000,000 population observed in the sample for each income-
distance class. Appendix Table 2.1 presents the total number of recreation
days per 1,000,000 population, by income-distance class, for the Bend
Ranger District and each level of remoteness considered in the analyses.

The price variable is defined as the average transfer cost [1] borne by
a recreation group per day. It represents the average expenditures by the
recreation groups incurred on the trip to and from the site, and all mone-
tary costs incurred while at the site, for each income-distance class.
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Table 2. The distribution of population, sampled recreation days, and recreation
groups, by income group, within each distance zone

Distance zone and
Number of
recreation

Number of
recreation

income group Population days observed groups observed

Under $ 2,000 6,400 68 2
$ 2,000 - 3,999 5,569 68 2

4,000 - 5,999 7,550 38 6
6,000 - 9,999 16,718 82 28

10,000 - 14,999 7,542 49 10

15,000 & over 2,922 17 8

2
Under $ 2,000 68,273 0 0

$ 2,000 - 3,999 59,861 120 8
4,000 - 5,999 77,901 27 7
6,000 - 9,999 213,669 464 48

10,000 - 14,999 101,002 200 40
15,000 & over 37,194 36 12

3
Under $ 2,000 134,165 4 1

$ 2,000 - 3,999 127,625 119 5
4,000 - 5,999 165,904 133 5
6,000 - 9,999 439,138 796 81

10,000 - 14,999 248,442 385 60
15,000 & over 96,326 128 18

4
Under $ 2,000 398,359 28 3

$ 2,000 - 3,999 685,311 15 3
4,000 - 5,999 1,056,170 85 4
6,000 - 9,999 1,593,047 216 16

10,000 - 14,999 588,358 93 14

15,000 & over 218,761 19 5

5
Under $ 2,000 522,538 0 0

$ 2,000 - 3,999 1,297,550 7 1

4,000 - 5,999 1,713,790 109 5
6,000 - 9,999 2,447,142 237 16

10,000 - 14,999 1,452,328 120 18

15,000 & over 707,030 90 9

6
Under $ 2,000 991,093 0 0

$ 2,000 - 3,999 2,481,098 4 1

4,000 - 5,999 3,148,827 130 4
6,000 - 9,999 4,744,088 183 15

10,000 - 14,999 2,616,000 88 11

15,000 & over 1,291,258 74 14



recreational experience, an attempt was made to remove from the sample
data that component which would register normal at-home expenditures.
Therefore, food expenditures while at the site and while traveling were
adjusted by the average at-home cost per day per person for food, bever-
ages, and tobacco, as given for six "before tax" family income categories
[10: p. 26]. The transfer cost data used in the statistical analysis for the
total facility and each level of remoteness are given in Appendix Table 2.2.

groups as part of the personal interviews. For inclusion in the statistical
model, the average family income per recreation group for each income-
distance class was computed. The data used in the analysis for the total
facility and each level of remoteness are given in Appendix Table 2.3.

In the construction of this price variable from the sample data, one
manipulation was especially important. In order to permit this variable to
reflect, as much as possible, the actual variable costs associated with the

The data on total family income were obtained from the recreation

The Statistical Demand Model
The general form of the model for the total facility and for each level

of remoteness is:

Qu = e fl. PXii + /32Iij + -- j24

where

j represents the j" distance zone (j =1, , 6),

i represents the it" income population class within the jt"
distance zone (i = 1, , 6),

Q i j = the total number of recreation days per capita, observed
from the it" income population class within the j" dis-
tance zone,

P;j = the average transfer cost per recreation group per day,
observed from the it" income population class within the
Y' distance zone,

I,j = the average total family income of the recreation groups,
observed from the it" income population class of the j t"
distance zone, and

F i j = random error term.

24 To keep the mathematical symbolism as simple as possible, we chose not to
indicate in this equation that this model pertains to the data for the total facility, and
for each remoteness level as well.
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The alternative demand model developed above has a number of
implications relating to the empirical analysis of the demand for recrea-
tion in the Bend Ranger District, as well as for similar studies relating to
the demand for various kinds of recreation. Perhaps the most important
implication concerns the population whose demand function one is esti-
mating when one uses cross-sectional data derived from interviewing rec-
reationists at the site. An underlying assumption in using cross-sectional
data in demand analysis is that the parameters of the demand functions of
the individuals in the relevant population are identical; differences in
observed consumption behavior are the result of differences in the values
of the variables influencing demand, not differences in the demand func-
tions themselves. This assumption, in turn, implies a certain identity in
the preference functions of the consumers in the relevant population from
which the parameters of the demand functions are derived. A random
sample drawn from a population in which such identity of parameters and
functions is presumed to exist then provides a basis upon which to esti-
mate the parameters of the common function.

In the present case, if the alternative model has any validity whatso-
ever, a necessary condition for any individual recreationist to be included
in the random sample represented by the survey is that his utility func-
tion, income, and transportation cost to the site must be such that, regard-
less of the actual price of recreation at the site, it is less than P°. If it were
greater than P°, and he was aware of this before he made the trip, he
would not have visited the site and, therefore, he could not have been
included in the sample. The relevant population from which the sample
has been drawn, then, is defined as consisting of all consumers who chose
to recreate in the Bend Ranger District during the summer of 1967, and
any inferences drawn from the sample pertain only to this population,
and not to that population comprising the remainder of the universe-
those consumers who did not recreate in the District in that historic sum-

26 One could argue that the relevant population consists of all those consumers
who recreated in the district prior to 1967, and all those consumers who have recre-
ated, or will recreate, in the district subsequent to 1967. In view of the implications
of the model concerning the effects of changes in transportation cost, income, and
actual on-site recreational price on the decision to purchase or not purchase recrea-

of the alternative formulation of the demand model which we are suggest-
ing. The following section presents an empirical application of that model.

Application of the Alternative Model

mertime.26 This is not to say that the extension of any inferences concern-

tion, such an argument has considerable merit.
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If, then, we are concerned with the population consisting of recrea-
tionists in the Bend Ranger District in the summer of 1967, there is no
need to analyze the sample according to geographical or population and
income zones. To do so, indeed, implicitly if not explicitly, assumes that
the individuals included in the sample have been randomly chosen from
all of the consumers in the designated strata, which we know is not true.
Accordingly, the appropriate unit of observation is the individual recrea-

Determination of whether an observed price is a "critical" price is, of
course, impossible; the concept of a "critical" price is an abstraction in
much the same way as is the concept of a utility function and, as such,
does not necessarily exist in fact. However, it does provide a basis upon
which to make inferences concerning the recreationist's choice behavior

ing the nature of consumer demand at this site to the universe would be
wrong, but rather that, in the absence of information pertaining to the
excluded population, we do not have any basis upon which to believe that
such extensions are right.

tionist.27

A second implication of the alternative analysis of recreation demand
is the existence of two demand curves: the "either-or" and the "more-or-
less" demand curves, respectively. If there are two demand functions, it is
important to the analyst of recreation demand to be able to determine
which, if either, of these demand curves he estimates in any given empiri-
cal situation.28 Resolution of this identification problem is dependent upon
our ability to determine whether the observed price paid by each and
every recreationist included in the sample is, or is not, his "critical" price
of on-site recreation. Conceivably, the observed price of each consumer is
his "critical" price; consequently, a demand curve fitted to this data would
be an "either-or" demand curve.29

27 For a discussion of the statistical advantages of using individual observations
rather than "grouped" averages, see "Improving the Estimation and Specification of
Statistical Outdoor Recreation Demand Functions," William G. Brown and Farid
Nawas, Ore. Agric. Expt. Sta. Tech. Paper No. 3202, 1971.

28 The importance of this distinction is related to the propensity of economists to
use empirically derived demand functions for recreation at a site to estimate "con-
sumer's surplus," presumably as a measure of the value of the recreation site. From
our previous discussion, the consumer's surplus along the "either-or" demand curve
is zero.

29 When actual price is equal to "critical" price, the consumer is indifferent be-
tween recreating and not recreating at the site. Indifference should not be interpreted
as implying that the consumer will not recreate but, rather, that the probability that
he will recreate is approximately 0.50.



purpose, the question of empirical existence is irrelevant. Nevertheless,
one cannot help but look for evidence to support the hypothesis that the
concept of a "critical" price has an empirical as well as a theoretical exis-
tence. Such evidence in the context of the present model would consist,
essentially, of an empirical observation to the effect that the coefficient on
the variable representing transportation cost in Equation (4) above is not
zero. While such evidence cannot be interpreted as "proving" the exis-
tence of "critical"price (P° ), it is a sufficient basis on which to provisionally
accept the hypothesis that the "critical" price does exist."'

Our theoretical analysis of recreational demand has been developed

sample is, however, a recreational group consisting, more often than not,
of more than one person. Indeed, the major feature differentiating one
group of recreationists from other groups, aside from price, transportation
cost, and income differences, is the size of the group. Accordingly, in order
to take this feature into consideration in the empirical analysis, and be-

3° This coefficient is [,13,; (y, i - a, i ) ], where /3, is the coefficient on transporta-
tion cost in the equation defining P°. If the coefficient [/3 (y,; - a)] is not zero,
then fl,, cannot be zero. If the former coefficient is zero, however, we cannot reject
the hypothesis that is zero, but neither can we accept the hypothesis, since
[/3, ; (y, i - a, ,) ] will be zero if (y, , - a, i) is zero; if the slopes of the "either-
or" and "more-or-less" demand curves are the same.

31 The income of the recreation group was not converted to a per-person basis
since, unlike on-site and transportation costs, there is no reason to believe that the
income of the group is a function of the number of persons comprising the group.
The income of the respondent to the interviewer was taken to represent the income
of the group. This procedure appears acceptable, as we are dealing largely with
family groups.

1i

under varying decision conditions; to the extent that it is useful for this

in terms of an individual recreationist. The unit of observation in the data

cause one can expect that the total costs associated with recreation at the
site is a function of the number of persons in the group, the on-site price
variable has been defined as the average cost per person per day incurred
by the recreation group at the recreation site. The variable representing
transportation cost to the site has also been expressed as a cost per person.
In addition, a variable representing the number of persons in the recrea-
tion group has been included in the model as an additional independent
variable."

(5)

The modified econometric model, then, can be written:

1 PI Ki
1nQi ='rro-+IT1-+az-+7r3Y;+E1

N, N, Ni
where



The demand functions estimated, using the survey data obtained in the
Bend Ranger District, are presented in Table 4 below.

In all cases, the coefficient of on-site cost (,,) agrees with a priori
expectations, i.e., it is negative. This coefficient is the only structural coeffi-
cient of the economic model which can be tested directly from our empiri-
cal analysis. It is possible, however, to formulate a number of hypotheses
concerning the values of the other structural parameters on the basis of
the results shown in Table 4 and our theoretical model. For this purpose,

Qi is the number of recreation days taken by the it" recreational
group;

is the number of persons comprising the i`" recreational
group;

Pi is the average daily on-site costs, net of "subsistence costs,"
of the i" recreational group;

is the total cost of transporting the P1' recreational group to
the recreation site;

Yi is the income of the i" ` recreational group; and

Vi is an error term.

The parameters, with the exception of 'pro, are reduced-form parameters
consisting of linear combinations of the structural parameters of the eco-
nomic model identified in our earlier discussion:

71 = al < 0
72=Ri(Yi-ai)

- al) ] 32W3 - [Y. + #2(Y.

we will restrict our discussion to the demand for recreation on the total
facility, leaving a similar analysis for each of the remoteness levels to the
interested reader.

1. The value of 7nr2, the coefficient on transportation cost, is significantly different
from zero; consequently, neither /31 nor (yl - al) can be zero. These conclusions, in
turn, imply that:

(a) The concept of a "critical" price cannot be rejected; and
(b) the slope of the "either-or" demand curve (),l) is not equal to the slope of

the "more-or-less" demand curve (al).

32 The subscripts previously attached to the structural parameters have been
eliminated, reflecting the hypothesis that the values of these parameters are the same
for all recreationists.



2. 7r2 is greater than zero. It has been concluded in our theoretical analysis that
p' and y, are both negative numbers. These conditions, then, imply that 17.1 > la, !,
i.e., the slope of the "either-or" demand curve is greater than the slope of the "more-
or-less" demand curve. Graphically, Panel (b), Figure 7, or one of the panels in Fig-
ure 9, describes the nature of consumer demand for recreation in the Bend Ranger
District in 1967.

The conclusion appears warranted that recreation in the Bend Ranger
District is an inferior good, at least over the range of on-site prices and
income levels observed in the sample of recreationists interviewed in the
District in the summer of 1967.;' As income increases, ceteris paribus, rec-
reation at the sites involved will decrease, both in terms of the number of
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3. Given these considerations and the observation that 7r3 > 0, the following
possibilities involving fl, and y2 must be considered:

(a) B2 < 0, y2 < 0, and 1Y21 < 1182(Y3. - al) I;

(b) 182<0,y2>0;
(C) N2 > 0, Y2 > 0, and Y2 > 92 (Yi - ai).

Possibility (c) is clearly untenable, given our previous discussion to the effect that the
"either-or" demand curve cannot shift to the right with increases in income if the
"more-or-less" demand curve lies to the left of the "either-or" demand curve.33

recreationists visiting the site and in the length of stay of recreationists
who visit the site.35

33 See the discussion on pages 13-17 above.
This leaves only (a) and (b) as viable alternatives. These situations correspond

to those presented in Figure 9 (a) and (b) respectively. In both of these situations,
the effect of an increase in income on the demand for on-site recreation is the same:
(1) if actual price is less than the new "critical" price (i.e., P <P10), the consumer
will decrease his. consumption when income increases; (2) if the actual price is less
than the original "critical" price, but greater than the new "critical" price (Pi * < P <
PO*), the consumer would eliminate recreation at the site from his set of consumption
activities altogether.

34 This conclusion holds not only for recreation on the total facility, but for all
Remoteness Levels I, II, IV, and V as well, although with considerably less confidence
in the case of Remoteness Level V. According to the results, and on the logic devel-
oped above, it appears that recreation at Remoteness Level III (site with access via
dirt road) is a normal good. This conclusion is somewhat weaker than the conclusions
for the total facility and Remoteness Levels I and II, in view of the non-significance
of i for Remoteness Level III.

35 The reader is cautioned, in line with an earlier discussion, to apply these pro-
jections to the population consisting of recreationists who were currently consuming
recreation at the site and, perhaps, as a rationale for explaining the behavior of those
consumers who recreated at the site in the past, but do so no longer.



On-site
Group size cost Travel cost

N N N

.665

.669

.792

.366

Figures appearing below each coefficient are the standard error of that coefficient.
Coefficients significantly different from zero at the loc , 5%'%, and 1% level of
probability are indicated by °, ° °, and respectively.

This conclusion appears, specifically, to be at variance with both the
statistical results of this analysis (the positive coefficient on income indi-
cates that the greater the income, the greater the consumption of on-site
recreation) and with the results of a more casual empiricism based upon
the substantial growth in outdoor recreation (in large part at sites similar
to those found in the Bend Ranger District) which has occurred in the
United States during the last two decades. A reconciliation of our statisti-
cal results and structural inferences can be accomplished with the aid of
Figure 12 (essentially Figure 6, which was derived from the indifference
map of Figure 5).

37

P K

Table 4. Estimated demand functions, alternative model, Bend Ranger District,
summer 1967

Regression coefficients'

Equation
Income

(Y)
Degrees of

freedom R2

Total 2.779 -0.109 0.00917 0.000040
facility (0.2369) (0.016) (0.00316) (0.000005) 476 .637

000 000 4C0 404

Remoteness 2.584 -0.118 0.0175 0.000050
level I (0.422) (0.020) (0.00628) (0.000008) 178 .712

COO 443 040 440

Remoteness 1.634 -0.108 0.0107 0.000080
level II (0.549) (0.045) (0.00637) (0.000018) 78

000 00 0 400

Remoteness 4.207 -0.101 -0.00494 0.000030
level III (0.477) (0.038) (0.00605) (0.000014) 78

000 040 00

Remoteness 2.117 -0.127 0.0204 0.000060
level IV (0.533) (0.054) (0.00668) (0.000015) 105

coo *0 040 040

Remoteness 0.554 -0.128 0.0565 0.000027
level V (0.854) (0.092) (0.0422) (0.000014) 49

0
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0

Suppose there are two consumers with identical' utility fithetions
Consumer 1 has the lower income of the two. Accordingly, his "either-or"
demand curve is D,D'1. If he pays K to travel to the site, his "more-or-
less" demand curve is did',, given his utility function. The "critical" price
for this consumer is P,* and the ".critical" quantity is Q,*. If on-site price
is less than Pi*, e.g., P,, he will re create at the site, consuming Qi(>
units of recreation.

2

Q.

P1

P2

P2

i Q1' Q2 Q2

Figure 12. The consumer's recreation decision when on-site price and transporta-
tion costs are functions of income: on-site recreation is an inferior good.

Mr. 2 is identical to Mr. 1 insofar as his utility function is concerned,
but his income is greater than Mr. 1's. To be consistent, his "either-or"
demand curve, D2D'2, is to the left of D,D',. If his cost of transportation to



the site was the same as that of Mr. 1, his "critical" price and quantity
would be given by the coordinates of Point A; if, in addition, the actual
price was P,, he would visit the site but consume fewer units of recreation
than would Mr. 1. Recreation at the site, based upon the behavior of the

Suppose, however, that Mr. 2's cost of transportation, K,, is greater
than K,. Given his income and transportation cost, "critical" price and
quantity are P.° ( < P, ° ) and Q2° ( > Q, ° ). If on-site price is still P,, Mr.
2 would not recreate at the site; but if the actual price paid by Mr. 2 is
equal to or less than P=°, he will consume at least Q2° (= Q, ) units of
on-site recreation.' If the actual price paid by Mr. 2 is P2( < P, ), he will
consume Q2( > Q,) units of recreation, if he recreates at all. Of course, he

then, do we observe? A negative relationship between recreation con-
sumption and on-site price; a positive relationship between consumption
and transportation cost; a positive relationship between consumption and
income; in short, we observe the same relationships which we observe in
the sample of recreationists in the Bend Ranger District. These observed
phenomena are described by the reduced-form Equation (4). Yet, on-site
recreation is an inferior good. This is a conclusion about the unobserved
properties of these consumers' utility functions which are described by
the structural equations (La) to (3.a) and are inferred from our empirical

are determined by each recreational group, and not by some exogenous
mechanism to which it must adjust its behavior.17 Associated with this
ability to determine his particular costs of recreating is the recreationist's
ability to determine not only the number of recreation days consumed at
the site, but the content of those days as well.' To the extent that on-site
costs exceed the fees charged for use of the site, if, indeed, there is any fee

two consumers taken together, is inversely related to income, i.e., it is an
inferior good.

must be recreating in order to have been included in the sample. What,

results.

Aside from providing a rationale for observed phenomena and struc-
tural inference, the above analysis serves to illuminate a number of re-
lated issues. Foremost, perhaps, is the realization that, aside from some
relatively unimportant charges levied by the U.S. Forest Service on some
groups recreating at the site, both on-site costs and transportation costs

36 See Footnote 30 above.

37 The reader will recall that nowhere in this paper have we assumed that the
prices (on-site costs) paid by each and every recreationist are the same. We have not
deve!oped a theory of why these costs are not the same.

33 And the content and services involved in "transportation," as well.



charged at all, and transportation cost exceeds the minimum necessary to
reach the site, they represent expenditures on goods and services associ-
ated with the recreational experience which, while increasing the utility
derived by the recreationist from the services of the site, cannot be viewed
in any meaningful way as representing the consumer's valuation of the
site. Suppose, for example, that Mr. 1's cost of transportation to the site is
less than that of Mr. 2, because he lives closer to the site, while his actual
on-site cost (Pi) exceeds Mr. 2's actual on-site cost (P2) because he
chooses to rent a boat and fish, while Mr. 2 chooses to swim or hike, activ-
ities for which the on-site costs are somewhat less. Observation of the
prices paid and recreation consumed is not enough to permit us to con-
clude that Mr. 2, because he pays less but consumes more than does Mr. 1,
is enjoying a "consumer's surplus" equal to the area enclosed by a triangle,
abc (Figure 12), the area under their common "demand" curve. In point
of fact, Mr. 1's "consumer's surplus" (adie) is substantially greater than
Mr. 2's (bcd2) ; that these are the appropriate measures of consumer's
surplus is apparent when one realizes that P1* and P2° are the maximum
prices each consumer, respectively would be "willing" to pay, rather than
to do without recreating altogether. Indeed, any attempt to extract the
pseudo-surplus, abc, from Mr. 2 would eliminate him as a recreationist.

One can carry this argument even further. On the basis of observed
behavior of recreationists at the site, we have no way of distinguishing a
consumer's "critical" price from the actual price paid. For all we know,
the observed price is equal to the "critical" price for each consumer. If
this is the case, there is no "consumer's surplus" for any consumer at the
site.39

Our discussion in connection with Figure 12 suggests that the secular
increase in the consumption of outdoor recreation has occurred, not be-
cause the services of the site are normal goods, the consumption of which
increases with increases in income, ceteris paribus, but rather because the
costs of services associated with recreation have changed substantially
over time. These changes in cost have occurred in two ways: (1) as a
result of an increase in the quantities of services incorporated in the recre-
ational experience as a whole, increases which the consumer wants to
incorporate as income increases, and (2) a reduction in the relative prices
of some services used to produce the recreational experience relative to
the prices of goods and services not included in the recreational experi-

39 If this is true of consumers recreating at the site (and even if it isn't), then it
is certainly true of consumers not recreating at the site, unless one wants to presume
the existence of a surplus by invoking the somewhat ephemeral existence of "option
demand."



analysis. In the former category one could certainly include changes in
transportation costs, where the tendency to add motel and similar services
to the basic transportation services, as income increases, has increased the
observable "cost of transportation." In the category of relative price
changes, one suggests the substitution of services purchased in the market
on a per-unit basis, e.g., services derived from the recreationist's owned
boat for those of a boat rented from a concessionaire."' To the extent that
consumers are willing to increase "travel cost" and able to reduce "on-site
costs," one would expect an increase in both the number of persons recre-
ating and the quantity of "recreation units" consumed per recreationist.
This expectation does not depend upon whether recreation at the site is,

In our opinion, the modified Hotelling-Clawson model employed in this
paper does not have these characteristics. The theory of consumer demand
is much too general to permit any, economic hypotheses whatsoever to be
generated.-" The hypotheses in this approach are purely statistical in

ence, at least in the levels of costs measured in the usual cross-sectional

or is not, an inferior good.

Retrospect

Perhaps the most important problem in the analysis of consumer
demand for outdoor recreation is the absence of a well-developed and
meaningful theory of consumer demand. An adequate theory in this area
should have the following characteristics:

1. It must provide a basis for identifying alternative hypotheses
concerning properties of the consumer's preference function;
and

2. It must suggest a procedure whereby such hypotheses can be
empirically tested, i.e., whereby such hypotheses can be
rejected.

nature. While such hypotheses are important, our concern as economists
is, necessarily, with the behavior of people, and not the properties of
numbers per se.

40 The acquisition of a boat, which enables a consumer to enjoy boating at a site
where boat rental is not available, is equivalent to a reduction in the price of boating
services.

41 We chose to add this theoretical formulation to the Hotelling-Clawson
model. We believe it has been implied in earlier analyses. If this was inappropriate,
and if these analyses were not based on alternative theoretical formulations, then they
were, indeed, nothing but statistical relationships between two or more variables.



We have attempted to construct an alternative theory of consumer
demand which, while extremely tentative and incomplete, more ade-
quately meets the criteria of a meaningful theory. Whatever its shortcom-
ings may be, it permits consideration of a number of hypotheses concern-
ing consumer demand behavior and suggests a procedure whereby these
hypotheses can be subjected to empirical test. Our analysis, in this regard,
has been concerned with a null hypothesis that recreation in the Bend
Ranger District in 1967, as measured by the length of stay, was a normal
good; an alternative hypothesis is, of course, that recreation was an in-
ferior good. On the basis of our empirical analysis, we must reject the null,
and tentatively accept the alternative hypothesis.

We suggest that a possible line of attack on our conclusion is to view
the several elements of the recreational experience (transportation cost,
on-site costs, and length of stay) as mutually dependent variables in the
same decision process. In our analysis we have assumed that both trans-
portation cost and on-site costs for each recreationist are exogenously
determined, i.e., our theory does not encompass the determination of these
variables. A more realistic assumption, however, is that these costs are,
themselves, functions of one another and of the length of stay, and per-
haps other variables as well. If this is true, then our conclusion that recre-
ation is an inferior good is in jeopardy, as it should he. We have not, be-
cause of limitations in time and other resources, attempted to develop the
requisite theoretical structure for such an analysis here. In our opinion,
such a development is imperative, not only for this purpose but, more
importantly, because specification errors such as this can give rise to un-
known errors in derived concepts of such analyses, such as consumer's
surplus. If these variables are mutually dependent, it is impossible to have
any confidence whatsoever in the values imputed to the recreational site,
per se, on the basis of either of the analyses reported above.

We believe we have identified a number of issues, both methodologi-
cal and theoretical, which deserve the attention of our colleagues in the
profession. We hope that the latter will accept our analysis in the same
spirit in which we have conducted it; not as an assertion of inviolable truth
but, rather, as a stimulus to creative thought and constructive discourse
concerning an important economic problem of our time.
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3.

APPENDIX I. QUESTIONNAIRE

D-3 OREGON STATE UNIVERSITY

Hello, I'm ------------------------------------------------------- I'm working on a recreation survey for
Oregon State University and would like to ask you a few interesting questions if you
don't mind.

1. ------------------------ Number Including yourself, how many persons are
there in your party which is camping or
stopping at this particular place?

2. 1 Family group (Ask 2a, 2b, 2c) Is your party mainly a family group, or is
2 Unrelated indiv. (Ask 2d, 2e) it a group of unrelated individuals, such as
3 Other (Explain) (Ask 2d, 2e) friends or neighbors?

2a. What members of your family make up your present party?

2b. What is the approximate age of each member of the family who is with you?

Members Approximate Age of Each

2c. -_ ------------- Age What is the age of your oldest son or daughter?

2d. How many men or women are there in your group? Any children with your
group?

2e. What is the approximate age of each member of your group?

Number Approximate Age of Each
Men
Women

---------------- Child (ren)

ASK OF EVERYONE

---_--_ ------------------------------------- May I ask where you presently live-the
(City or town) (State) city or town and state?

3a- ------------------------------------------------ Pop. What is the approximate population of
your city or town?

1 Husband --------------------- ----------------
2 Wife --------------------------------------------
3 Children ---------------------------------------- ---------------------- (Age of each one)
4 Other (Who?) ------------------------------

Other (Who?) ------------------------------ ---------------



Is the place where you presently live a
single dwelling unit, a duplex, a triplex, a
multiple unit, such as an apartment house,
or is it some other type, such as a trailer
house'

4. 1 Inside city limits
2 Suburb of city
3 Rural-not on farm
4 Rural-on a farm
5 Other (Describe below)

(HAND RESPONDENT CARD A) Which
one of the statements on this card best de-
scribes the area where you presently live?

5. 1 Own Do you own or rent the place in which you
2 Rent are now living?
3 Other (What?) ------------------------------

6. 1 Single DU
2 Duplex
3 Triplex
4 Apartment (4 units or more)
5 Other (Describe) ----------------------

(State)
What was your hometown when you were
growing up as a small child? (Between 1
and 8 yrs. of age)

What was the approximate population of
your hometown at that time? Just your
best estimate?

8. 1 Inside city limits
2 Suburb of city
3 Rural-not on farm
4 Rural-on a farm
5 Other (Explain)

(HAND RESPONDENT CARD A) Which
one of these statements best describes the
area where you lived when you were
growing up as a child?

9. ------------------------------------ Last Grade Would you mind telling me the last grade
you completed in school?

10.

10b- ---------------------------------------- Occupa. Did you (the chief breadwinner) have any
2 No other occupation other type of occupation before your (his)

present one? (If YES) What?

7. -------------------------------------
(City or town)

------------------------------------------------ Pop.
0 D.K.

---------------------- Type What type of work does the chief bread-
winner in the family do? (INT: If not

---------------------------------------- Industry family group, obtain occupation of re-
spondent)

10a- ---------------------------------------------- Years About how many years have you (has that
person) been doing that type of work?



11. 1 Overnight here (Skip to 12) Are you staying overnight at this campsite,
2 Lodge or motel (Ask Ila) or are you staying elsewhere, such as at a
3 Other (Where?) (Ask Ila) lodge or motel?

Ila. 1 Yes Do you plan to come back to this camp-
2 No site tomorrow?
3 D.K.

12. Usually there are two sides to almost everything. First, what do you like MOST
about this particular site, or your camping location? (PROBE I)

Anything else?

13. Turning to the other side, what do you like LEAST about this particular site,
or your camping location? (PROBEI)

Anything else?

14_ --------------- _----------------------------- (INTERVIEWER: Write in name of campsite.)
(Name)

15. What types of outdoor recreation or activities do you, personally, enjoy doing
the most? (INT: Obtain specific types)

16. What types of outdoor recreation or activities does your family enjoy doing the
most as a group?

17. Most Next Third
1 1 1 - Fishing (HAND RESPONDENT CARD B)
2 2 2 - Boating
3 3 3 - Water skiing Which one of these would you say is your
4 4 4 - Swimming main type of activity while you are stop-
5 5 5 - Camping ping or staying in this particular area?
6 6 6 - Hunting
7 7 7 - Sightseeing Which comes next?
8 8 8 - Photography
9 9 9 - Hiking Which is third?
0 0 0-Riding
X X

Y
X - Other (Name)
Y - No other



18. Days How many days have you been staying at
this particular site or location?

More Days How many more days, if any, do you plan
to stay at this location or site?

19. 1 Visit particular area (HAND RESPONDENT CARD C )
2 Visit Deschutes Forest Which one of these statements best de-
3 Stopped off (Ask 19a) scribes your travel plans so far as this
4 Other (Explain) area is concerned?

(ASK ONLY OF THOSE WHO STOPPED OFF EN ROUTE-Code 3 in
No. 19)

19a. ________________________ -__________ What is the main destination of your trip
(City or town) (State) -the city or town and state?

(ASK OF EVERYONE)
20. 1 A lot

2 Quite a bit
3 A little
4 Not at all
5 Cannot remember

21.

22. 1 Van camper
2 Truck camper
3 Trailer camper
4 Tent trai'er
5 Outside frame tent
6 Tube tent
7 Umbrella tent
8 Ordinary tent

How often would you say you went camp-
ing as a child-a lot, quite a bit, a little or
not at all?

Years All in all, how many years have you, your-
self, been camping? Just your best esti-
mate?

9 Sleeping bag (HAND RESPONDENT CARD D)
0 Stove

Which of the following types of
1 Lantern camping equipment are you using
2 Cooler on this trip? If there are any other
3 Backpack major items not listed, please give
4 Other us those, too.

(Name)

ASK ONLY OF THOSE USING A STOVE IN No. 22. (Code 0)
23. 1 Yes-open fire

2 Always used stove
3 Did not cook before

You mentioned that you are using a stove
on this trip. Before you used a stove, did
you cook over the open fire when camp-
ing?



ASK ONLY OF THOSE WHO ARE USING A BACKPACK IN No. 22.
24. 1 Army surplus (Rucksack)

2 Board frame
3 Contour frame
4 Other (Explain)

You mentioned a minute ago that you are
using a backpack on this trip. Which of
these types of backpacks are you using?
(HAND RESPONDENT CARD E)

24a. Before Present

0 No previous use

ASK OF EVERYONE
25. 1 Van camper

2 Truck camper
3 Trailer camper
4 Tent trailer
5 Outside frame tent
6 Tube tent
7 Umbrella tent
8 Ordinary tent
9 Seeping bag
0 Stove

1 Lantern
2 Cooler
3 Backpack
4 Other (Name)
5 No other type

26. 1 Van camper
2 Truck camper
3 Trailer camper
4 Tent trailer
5 Outside frame tent
6 Tube tent
7 Umbrella tent
8 Ordinary tent
9 Sleeping bag
0 Stove

1 Lantern
2 Cooler
3 Backpack
4 Other (Name)
5 No plans to buy

What type, or types, of backpacks, if any,
have you used previously? Please list in
order of use-the type you used just be-
fore your present one, the one before that,
and so on.

(HAND RESPONDENT CARD D)

Thinking of your adult life, are there any
of these types of equipment which you
have used in the past which you are no
longer using?

Looking at the card again (CARD D),
do you happen to have any plans to buy
any of these types of equipment within
the next year or so?

(If YES) Which one, or ones?



Food while traveling, includin
Food and liquor while camph
Lodging while traveling
Campground fee, if any
-Lodge or motel rental while in

$

(INTERVIEWER: Refer to No. 19. If either code 1 or code 2 is circled, use the first
(a) wording below. If either code 3 or 4 is circled, use second (b) wording.)
27. (a) To help the University figure out how valuable camping is to the state, I'd

like to ask you about your expenditures from your home to this area. To
help you remember, let me ask separately for the items on my list. Please
include the costs for your entire group as best possible.

(b) To help the University figure out how valuable camping is to the state, I'd
like to ask about your expenditures involved in stopping off here-that is,
how much extra it cost to stop off here. To help you remember, let me ask
separately for the items on my list. Please include the costs for your entire
group as best possible.

How Much
(Extra) to

Site

28. All in all, about how much do you expect to spend on this entire
trip (for stopping off at this point on your trip)? $________________

29. Again, let me ask you about some of the equipment you are using. Are you
using a boat on this trip?
(If YES) Do you own the boat? (INTERVIEWER: Follow the same procedure
for each item on list. This is, ask first if the item is being used on this trip and, if
yes, if the item is owned. Then, for each item otcned, ask questions 29a and 29b.)

g restaurants ----------------------------
119 ---------------------------------------------
---------------------------------------------------

--------------------------------------------------
this area ----------------------------------

Boat rental --------------------------------------------------------------------------------
Boat launching ------------------------------------------------------------------------
Gasoline and oil for boat -----------_---------------------------------------------
Boat equipment, such as life preservers, fire extinguishers, etc.
Motor or boat maintenance and repairs for trip ------------------------
Fishing tackle rental ----------------------------------------------- ------
Bait for fishing ------------ -------------------------------------------------------------
Trailer or camper rental ----------------------------------------------------------
Tent rental -------------------------------------------------------------------------------
Stove rental ------------------------------------------------------------------------------
Clothing for trip ---------------------------------------------------------------------
Souvenirs or similar items --------------------------------------------------------
Film and supplies for camera --------------------------------------------------
Car maintenance and repairs for trip --------------------------------------
Gasoline and oil for car ------------------------------------------------------------

Any other items not mentioned thus far? (IF YES, list each
one on back of questionnaire and give amount to site.)



Item:

29a. What year did you purchase ---_--_-

29b. Would you please tell me the approximate purchase price of ------------------------------

29a-Own?
(X if YES)

29b-Year
Purchased

29b-Approx-
imate Cost

Boat ----------------------------------- ---------------------- ---- ----------------
Boat trailer ----------------------- ---------------------- ---------------------
Fishing tackle -------------------- ---------------------- ----------------------

Van camper ------------------------ ---------------------- ----------------------

Truck camper -------------------- ---------------------- -------------------- $ --------------------
Trailer camper -------------------- ---------------------- --------------------- $-------------------
Tent trailer ------------------------ ---------------------- ---------------------- $--------------------
Outside frame tent (pop-up

tent) ------------------------------ ---------------------- ---------------------- $--------------------
Umbrella tent -------------------- ---------------------- ---------------------- $--------------------
Tube tent -------------------------- ---------------------- ---------------------- $--------------------
Ordinary tent, such as pup

tent ---------------------------- $--------------------
Backpack --------------------------- $--------------------
Sleeping bag (if more than

one, list) --------------------- $--------------------
Stove ---------------------------- $--------------------
Lantern ------------------------------ $--------------------
Cooler $--------------------

Any other types of camping
equipment I haven't men-
tioned? (If YES, list and
obtain necessary informa-
tion.)

30. 1 (a) Under $2,000 (HAND RESPONDENT CARD F)
2 (b) $2,000 - $3,999
3 (c) $4,000 - $5,999 Would you please look at this card and
4 (d) $6,000 - $7,999 tell me which one of these groups best
5 (e) $8,000 - $9,999 fits your total family income for last year?
6 (f) $10,000 - $11,999
7 (g) $12,000 - $13,999 Just call your answer by letter, please.
8 (h) $14,000 - $15,999
9 (i) $16,000 - $17,999
0 (j) $18,000 - $19,999
X (k) $20,000 or over



------------ 1967

51

31. 1 Male 1 Under 21 years of age
2 Female 2 21 - 29 years

3 30 - 39
4 40 - 49
5 50 - 59
6 60 or over

Age and sex of respondent

Phone number of respondent
(Area code) (Number) (for verification purposes)

X I hereby certify this interview was actually taken with the person
described above, and represents a true and accurate account of the
interview.

(Interviewer's Signature) (Date)

COMMENTS ON INTERVIEW (if any)
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APPENDIX II. STATISTICAL DATA

Appendix Table 2.1. Total number of recreation days per capita, by income-distance class, for the Bend Ranger District, and
remoteness levels

Distance
zone

Income
population

group
Remoteness

level I
Remoteness

level II
Remoteness

level III
Remoteness

level IV
Remoteness

level V

Recreation days per capita x 106
Under $ 2,000 10,463.15 10,309 27 153.86

$ 2,000 - 3,999 12,210.45 359 13 11,851.31
4,000 - 5,999 5,033.11 264.90 3,841.05 264.90 662.25 --------------
6,000- 9,999 4,904.89 1,435.57 837.42 1,435.57 538.34 657.90

10,000 - 14,999 6,496.95 4,905.86 ___ 530.36 1,060.72
15,000 & over 5,817.94 1,026.69 2,395.61 342.23 2,053.38

Under $ 2,000 --------------
$ 2,000 - 3,999 2,004.64 935.50 33 41 835.26 200.46

4,000 - 5,999 346.59 154.04 179.71 12.83
6,000 - 9,999 2,171.58 234.00 252.72 1,450.84 182.52 51.48

10,000 - 14,999 1,980.16 742.55 217.81 247.51 277.22 495.03
15,000 & over 967.90 295.74 134.43 107.54 130.17

Under $ 2,000 29.81 ______________ _ 29.81
$ 2,000 - 3,999 932.42 23.50 101.86 713.02 94.02

4,000 - 5,999 801.67 747.42 30.13 24.11 ____________ --------------
6,000- 9,999 1,812.64 853.94 111.58 601.17 102.47 143.46

10,000 - 14,999 1,549.66 635.96 257.60 446.78 128.80 80.50
15,000 & over 1,328.82 674.79 166.10 145.33 72.66 269.91



4

5

a

Appendix Table 2 1 (Cont.)

Distance
zone

Income
population

group

Total
Bend Ranger

District
Remoteness

level I
Remoteness

level II
Remoteness

level III
Remoteness

level IV
Remoteness

level V

6Recreation days per capita x 10
Under $ 2,000 70.29 7.53 47.69 15.06

$ 2,000 - 3,999 21.89 7.29 14.59
4,000 - 5,999 80.48 1.89 72.90 5.68
6,000 - 9,999 135.59 18.83 3.13 104.83 3.76 5.02

10,000 - 14,999 158.07 54.38 50.98 23.79 28.89
15,000 & over 86.85 82.28 4.57

Under $ 2,000 --------------
$ 2,000 - 3,999 5.39 5.39

4,000 - 5,999 63.60 1.16 12.25 50.18
6,000 - 9,999 96.85 76.00 5.72 15.11

10,000 - 14,999 82.62 16.52 19.96 20.65 25.47
15,000 & over 127.29 29.70 19.80 49.50 28.28

Under $ 2,000 -------------- --------------
$ 2,000 - 3,999 1.61 1.61

4,000 - 5,999 41.28 20.64 8.25 12.38
6,000 - 9,999 38.57 14.33 22.34 1.26 .64

10,000 - 14,999 33.64 2.67 13.76 8.79 8.40 ----

15,000 & over 57.31 25.55 10.84 10.06 8.51 2 32
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Appendix Table 2.2. Average transfer cost per day, by income-distance class, for the Bend Ranger District and each level of
remoteness

Distance
zone

Total
Bend Ranger

District
Remoteness

level I
Remoteness Remoteness

level II level III
Remoteness

level IV
Remoteness

level V

dollars
Under $ 2,000 -11.12 ________ -11.38 6.03

$ 2,000 - 3,999 .49 9.26 -------- .22
4,000 - 5,999 .96 1.61 -.27 7.24
6,000 - 9,999 4.42 5.83 1.04 5.18

10,000 - 14,999 1.75 2.40 ________ -2.93
15,000 & over 3.85 -------- 2.85 5.02

Under $ 2,000 --------
$ 2,000 - 3,999 .90 -.36 10.56 .83 5.53

4,000 - 5,999 6.20 5.05 ______ 6.11 21.14
6,000 - 9,999 2.39 4.97 6.64 .64 5 97 6.19

10,000 - 14,999 8.52 7.26 13.41 10.58 12 00 5.26
15,000 & over 6.91 16.81 _____ 22.06 4 66 -4.08

Under $ 2,000 5.03 _______ _____ 5.03
$ 2,000 - 3,999 2.39 8.07 8.66 1.24 2.92 --------

4,000- 5,999 1.55 .92 12.48 7.47 _______ --------
6,000- 9,999 3.97 3.50 11.32 2.85 7.56 3.22

10,000 - 14,999 6.64 8.17 7.91 4.10 5.34 6.70
15,000 & over 7.28 6.10 -.87 19.56 3.89 9.57
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Appendix Table 2.2. (Cont.)

Income
Distance population Remoteness Remoteness Remoteness Remoteness Remoteness

zone group level I level II level III level IV level V

d llo ars
Under $ 2,000 10.83 20.48 11.03 5.37

$ 2,000 - 3,999 11.03 9.36 11.87
4,000 - 5,999 3.31 69.73 1.49 4.59
6,000 - 9,999 -.38 10.71 29.83 -4.03 17 29

10,000 - 14,999 9.36 14.61 1.60 12.33
15,000 & over 18.66 19.09

Under $ 2,000
$ 2,000 - 3,999 7.88

4,000 - 5,999 4.91 50.26 4.90 3.85
6,000 - 9,999 4.70 1.58 42.56 6.09

10,000 - 14,999 15.92 30.24 20.91 4.80 11.73
15,000 & over 10.07 23.11 5.28 12.05 -3.72

Under $ 2,000
$ 2,000 - 3,999 22.89 22.89

4,000 - 5,999 2.01 1.07 2.82 3.05 _

6,000 - 9,999 8.64 14.68 .66 58.37 54.25 _

10,000 - 14,999 22.43 25.98 19.75 26.39 21.56 -
15,000 & over 40.37 21.88 48.72 66.84 36.73 103.43
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Appendix Table 2 3. Average total family income, by income-distance class, for the Bend Ranger District and each level of
remoteness

Distance
zone

Remoteness
level I

Remoteness Remoteness
level II level III

Remoteness
level IV

Remoteness
level V

dollars
Under $ 2,000 1,000 ---------- 1,000 1,000

$ 2,000 - 3,999 3,000 3,000 _______ 3,000
4,000 - 5,999 5,000 5,000 5,000 5,000 ----------
6,000- 9,999 8,122 8,167 7,714 7,000 8,273

10,000 - 14,999 11,531 11,432 13,000 11,250
15,000 & over 21,953 ________ 19,000 17,000 17,000 30,033

Under $ 2,000 ---------- ___-__----

$ 2,000 - 3,999 3,000 3,000 3,000 3,000 3,000
4,000 - 5,999 5,000 5,000 _____ 5,000 5,000
6,000 - 9,999 8,509 8,040 7,481 8,787 8,818

10,000 - 14,999 11,810 11,453 13,727 12,520 11,520
15,000 & over 28,725 24,836 28,130 34,516

Under $ 2,000 1,000 1,000
$ 2,000 - 3,999 3,000 3,000 3,000 3,000

4,000 - 5,999 5,000 5,000 5,000 5,000
6,000 - 9,999 8,226 7,677 8,755 8,765 8,200 8,841

10,000 - 14,999 11,821 11,797 11,719 11,595 12,188 13,000
15,000 & over 24,884 27,458 17,000 20,975 19,000 26,988
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Appendix Table 2.3. (Cont )

Total
Distance Bend Ranger Remoteness Remoteness Remoteness Remoteness Remoteness

zone District level I level II level III level IV level V

dollars
Under $ 2,000 1,000 1,000 1,000 1,000

$ 2,000 - 3,999 3,000 __________ 3,000 3,000
4,000 - 5,999 5,000 5,000 5,000 5,000
6,000 - 9,999 7,417 8,400 9,000 7,132 7,000 9,000

10,000 - 14,999 12,677 11,625 13,000 13,857 13,118
15,000 & over 24,916 25,244 19,000

Under $ 2,000
$ 2,000 - 3,999 3,000 3,000

4,000 - 5,999 5,000 5,000 5,000 5,000
6,000 - 9,999 8,772 8,914 9,000 7,973

10,000 - 14,999 12,850 12,667 13,138 13,000 12,622
15,000 & over 26,386 31,610 17,000 21,770 35,550

Under $ 2,000
$ 2,000 - 3,999 3,000 __________ 3,000 __________ ----------

4,000- 5,999 5,000 5,000 5,000 ______ 5,000
6,000 - 9,999 8,366 7,441 9,000 8,333 7,000

10,000 - 14,999 12,227 15,000 12,778 11,696 11,000
15,000 & over 26,727 32,359 18,286 26,638 18,273 35 550



A formal statement of the model is given on pages 29-32, and will not be reiter-
ated here. It is assumed that the demand measured by In (Q1 j) is linearly related to
P,;, the transfer cost, and I;,, the income. The errors are assumed independent but
not necessarily homogeneous, as will be discussed later in this appendix. With regard
to statistical inferences, the population being referred to is the population of visitors
to the Bend Ranger District during the time frame in which sampling occurred.

At'I NVIA Ill. STATISTICAL CONSIDERATIONS

This appendix gives details of some of the statistical considerations associated
with the sampling and the model, including the heteroscedasticity assumption. The
discussion is in terms of the overall model, though the same ideas and techniques apply
to the separate study of each remoteness level.

The Model

The Sample

The recreation units obtained in the sample were divided into groups correspond-
ing to the (i,j) income-distance classes. The information obtained from each recrea-
tion group is denoted as follows:

dijk = the number of recreation days for the kth sample unit in the (i,j)th
class;

Pijk = the daily transfer cost of the kth sample unit in the (i,j)th class; and

Ii jk = the income of the kth sample unit in the (i,j) th class.

In addition, the sample size is denoted by n, and the resulting number of observa-
tions (recreation groups) in the sample in the (i,j) th income-distance class is denoted
by nij, so that n = Ynij. The sample values used to fit the model are given by the
following equations:

nij
dijk P.

k=1
Pij =

jflur dijk
k=1
n+ij

2+ dijk
Tijk

k=1

nij
1. dijk

k=1
nij

Qij = Wjj ° dijk >

k=1
where Wij is the appropriate factor for putting Qij on a per capita basis.



A standard weighted least squares approach was used to fit the model to the
samp'e data. To use linear model theory, the dependent variable used was In (Q, j) .
Since the sample points (In (Q, j) , (P,;, I ; j)) are based on different numbers of rec-
reation groups, it was assumed some type of weighting should be used in the model
fitting. To see that this is indeed the case, we have, for given P,j and I,,

Fitting the Model

Var(ln Qij) = Var(1n Wii + In Z disk) = Var(1n , dik).
k k

Now a standard procedure) to approximate the variance of a function g(x) is:

Var[g(x)] _ [Var(x)][g'(E(x))]2.

Using this result gives

nij
Var( Y, d,jk)

nii k=1 (1)
Var(ln Y. d,jk)

k=1 [E( diik)]2
k

Both dijk and n,j are subject to sampling variation, and if aij denotes the actual pro-
portion of (i,j) class recreation groups in the population, then, using the properties of
conditional expectation,

E(x) = E[E(xly)] and Var(x) = E[Var(xly)] + Var[E(xly)]
gives

and

Var(Y, dijk) = E[Var(Y. dijkln,j)] + Var[E(Y dijklnij)]
k k k

= nr.ij Var(dij) + n,r,j(1-r,j)[E(dij)]2

E( diik) = E[E(Y diiklnij)] = n7rij E(dij).

k k

Therefore,

nii n 7rij Var(dij) + n ;rij(1-7r,i)[E(dij)]2
Var(ln dijk)

k=1 [n 7rij E(dii)12

r (
VVar(d;j)

)
2 l

) L \

)
+ (1ii) JE(dij)

It seems reasonable to expect the coefficient of variation, -\/ Var (di j) /E (d i j) ,
to remain relatively constant over (i,j), so that Var(ln Qij) is proportional to 1/n 7rij.
This was considered justification for the use of a weighted least squares fit with
weights -\/ni j. To see that the data do not contradict this assumption, a plot of the
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residuals from an unweighted fit versus n,; is given in Appendix Figure 3.1. Although
there is a rather large amount of variation unexplained by the model, the plot shows a
tendency for the residuals to decrease as n,; increases. A regression of the squares of
the residuals on 1/n;; shows significance. This type data inspection is not intended to
establish that the chosen weights are the correct ones but, rather, to indicate there is
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Appendix Figure 3.1. Residuals as a function of ni;.

no apparent contradiction, whereas there is analytical justification for their use.
For the alternate model, the observations were on a per-recreation-group basis,

and there was no apparent observed or theoretical reason for considering heteroscedas-
ticity. Therefore, unweighted least squares analysis was used.

REFERENCE: N. L. Johnson and F. C. Leone, Statistics and Experimental Design,
Vol. II, pp. 54-56. John Wiley & Sons, Inc., New York, 1964.




