AN ABSTRACT OF THE THESIS OF
Keith A. Lampi

for the degree of Master of Science

Agricultural and Resource Economics

in

presented on

May 2., 198

Title:

Hood National Forest

Redacted for Privacy
Abstract approved:

Frederick W. Obermiller

The purpose of the research reported in this thesis

was to value cross-country skiing on the Mt. Hood
National Forest; and to compare recreation values esti-

mated using indirect and direct valuation methods. The
indirect travel cost method (TCM) was used to estimate a
respondent's demand function. Travel costs were used as a

proxy for price while the quantity variable was the
number of seasonal trips.

The zonal (ZATC), unadjusted

individual (UlO) and adjusted individual (AlO) travel
cost approaches were applied.

The UIO approach produced

considerably higher consumer surplus estimates than the
ZATC and AlO methods.

The ZATC and the AlO techniques

provided virtually identical value estimates of about
$4.99 per individual trip.

The UlO approach, unlike the ZATC and AlO methods,

did not account for declining participation rates from

the more distant zones.

Thus, consumer surplus estimates

from the UlO approach would overstate benefits if the
participation rate declined.

The appropriate application

of the UlO technique would require individual observations to be adjusted on a per capita basis if the zonal
participation rates were unequal.

The direct valuation method was used to solicit a
respondent's willingness-to-pay for the use of the recreation site by charging a hypothetical fee.

The contin-

gent valuation technique (CVM) was applied in a take-itor-leave-it format.

A predetermined fee, selected ran-

domly from a cumulative distribution function,

was

offered to the respondent in the course of a telephone
survey.

The mean willingness to pay using the CVM

approach was $4.81 per individual trip.

The value estimates derived using the TCM and CVM
methods supports the view that approximately $5.00 per
day is the value to recreationists who cross-country ski
on the Mt. Hood National Forest.

These research results

do not suggest that one method (TCM or CVM) is clearly
superior to the other in estimating values for a nonconsumptive public good:

cross-country skiing.

Rather, the

results suggest that the two approaches to nonmarket
valuation are both reliable and consistent.

Alternative Value Estimates for
a Nonconsumptive Public Good:
Cross-Country Skiing on the Mt. Hood
National Forest

by

Keith A. Lampi

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the
degree of

Master of Science

Completed May 2, 1986

Commencement June 1987

APPROVED:

Redacted for Privacy
Professor of Agricultural and Resource Economics
in charge of Major

Redacted for Privacy
Head, Department of Agricultural and Resource
Econoini Cs

Redacted for Privacy
Dean of Gr

te Schoo

Date Thesis Presented
Typed for Keith A. Lampi by

Nay 2

1986

Dodi Reesman

--

ACKNOWLEDGEMENTS

I wish to express my sincere appreciation to the

lowing individuals for their roles in the preparation
this thesis and their support during my graduate

folof

studies at

Oregon State University.

To Dr. Frederick W. Obermiller, who was much more

than

a major professor and teacher, he is a motivator and

good

friend.

Dr. Obermiller has been a patient and

enthusiastic

advisor.

To Dr. Wesley Musser for his ability to work with
details and his insight in economic theory.

To Dr. William Brown for his helpful comments and
direction in the travel cost methodology.

To Dr. Robert Mason for his help in the survey design
and sampling framework.

To Dr.

Kevin Boyle for his assistance in development

of the logit technique used in implementing the contingent
valuation model.

To Ms. Dodi Reesrnan for putting this manuscript in
thesis form.

Her help was invaluable.

To my co-worker, Cindy, for her effort and time in
traveling to Mt. Hood and contacting skiers at trailheads,
for the many hours she put in calling cross-country skiers,
for inputting and checking the survey
the numerous rough drafts of the

data, and for typing

thesis.

To my wife, Cindy, for her patience, love, understanding, and cheerfulness even after being my co-worker.

Finally, to my parents for their support, advice,
love, and infallible encouragement.
to them.

This work is

dedicated

TABLE OF CONTENTS
PAGE

CHAPTER

IIntrodt.iction ..................................

II

1

Problem Definition ..................

4

Study' Area .........................

7

Objectives and Procedures .................

9

OrganizationofThesis ....................

10

Theory of Nonmarket Valuation .................

11

Conditions for Efficiency Maximization

12

IndividualUtilityTheory .................

16

Individual Demand ...................

19

Indirect Utility Functions ...........

21

Approaches to Estimation of Net
Consux'ner Surplus ..........................

21

Marshallian Consumer Surplus .........

22

Hicksian Compensating and
Equivalent Variation .................

25

Compensating variation ........

26

Equivalent variation ..............

31

Compensating or equivalent
valuation .........................

33

Appropriate Measures of Benefits ..........

34

Meaning and Measurement of Nonmarket
Values ....................................

37

Compensation Principles ..... . ........

39

Means of Measuring Nonrnarket
A Preview ...................
Values:

41

TABLE OF CONTENTS (continued)
PAGE

CHAPTER
III

IV

An Overview of the Travel Cost Method
Approach to Nonmarket Valuation ...............

43

Refinements in the HotellingClawson Methodology .......................

45

Treatment of Substitutes ........

51

Measurement of Travel Costs .......

55

ValuingTravelTime ..................

58

The Congestion Problem ...............

62

Travel Cost Models Used in
the Present Study .........................

63

Functional Representation of
thelmplementedTCM ..................

68

Derivation of Benefit Estimates. .....

69

An Overview of the Contingent Valuation
Approach to Norunarket Valuation ...............

71

Sources of Bias in Contingent
Valuation Studies .........................

75

Information Bias ................ .....

75

Starting Point Bias ..................

79

Hypothetical Bias ....................

82

Strategic Bias .......................

84

Instrument Bias ......................

86

.....

87

The "State of the Art" Methodology
inContingentValuation ...................

88

Properties of the Logit Model. . . . . . . ......

93

Approach Used in the CrossCountry Skiing Experiment ............

98

Interviewer Bias .....

TABLE OF CONTENTS (continued)
PAGE

CHAPTER
Applying the Logit Model .......... ...

102

VSources of Data. . . ............................

103

Estimating the Total Number of CrossCountry Users of Surveyed Sites ...........

103

Sam]. ing Design .....

1 0 8

VI

. .

Interviewing Procedures ...................

113

Telephone Questionnaire ..............

114

Population Estimates for Travel Zones .....

116

Price Variable for the Travel Cost
Mode] .....................................

124

Travel Cost and Contingent Valuation
Mode]. Results ................

VII

126

TheTravelCostModels ....................

128

Aggregate Zonal Models ...............

129

Unadjusted Individual
Observation Model ...................

138

Adjusted Individual
Observation Model ....................

143

The Contingent Valuation
Logit Model ...............................

147

Results and Their Implications for
FutureResearch ...............................

151

Sunimary of Results ........ . ...............

152

Comments on the Travel Cost
Method and Obtained Results ..........

154

Comments on the Contingent
Valuation Method and Obtained
Results ..............................

159

TABLE OF CONTENTS (continued)
PAGE

CHAPTER
Comparisonof Results .............. ..

163

Implications and Future Research
Needs .................................... .

164

Bibliography .......................................... .

168

Appendix A:

Cross-Country Skiing Telephone
Survey Questionnaire ..........

176

AppendixB:

LogitPretest ............................ .

191

Appendix C:

Summary of Data for the 273 Respondents...

194

LIST OF FIGURES
PAGE

FIGURE
1

2

3

4

5

6

7

8

Cross-Country Skiing Study Sites on
Mt. Hood .................................... . . .

8

Relationship of Willingness-to-Pay
toDemand Curve ................................

2 3

Graphical Illustration of Compensating
Income Variation, Based on a Relative
Price Increase When the Individual is
Entitled to Initial Level of Utility ...........

27

Graphical Illustration of Compensating
Income Variation Based on a Relative
Price Decrease W1ien the Individual is
Entitled to His Initial Level of Utility .......

29

Graphical Illustration of Equivalent
Income Variation Based on a Relative
Price Decrease When the Individual is
Entitled to His Subsequent Level of
Utility ........................................

32

Graphical Representation of the Logit
Function .......................................

95

Representation of the 10 Population Zones
for the Travel Cost Method .....................

117

Linear Relationship Between Trips per
100,000 Residents and Travel Distance
(miles) to Cross-Country Skiing Sites ..........

123

LIST OF TABLES
PAGE

TABLE
1

Observed Car Count at Selected Cross-Country
Skiing Sites on the Mt. Hood National Forest
and During the 1984-85 Skiing Season ............ 105

2

Aggregate Car Counts at Selected Mt.
Hood National Forest Cross-Country
SkiingSites for 1984-85 .....................

107

Number of Percentage Distribution of
Respondents by Site and Day over the
1984-85 Cross-Country Skiing Season ............

110

Model Population Estimates Used in
Implementing the Aggregate Zonal
Travel Cost Model. . . . .........................

119

Zonal Aggregate Travel Cost Model
Regression Estimates ...........................

122

Aggregate Zonal Travel Cost Model
Regression Estimates (n=10) ....................

130

Values Used to Derive Consumer Surplus
Estimates for the Selected Aggregate
ZonalTravelCostModel ....................... .

135

Marshallian Consumer Surplus Estimates
Derived from the Zonal Travel Cost Model .......

136

Gum-Martin Consumer Surplus Estimates
Derived from the Zonal Travel Cost Model .......

137

Unadjusted Individual Observation Model
Regression Estimates (n=273) ...................

139

Alternative Consumer Surplus Estimates
Derived from the Unadjusted Individual
Observation Approach ......................... .

142

Adjusted Individual Observation Model
Regression Estimates (n=273) ...................

145

Alternative Consumer Surplus Estimates
Derived from the Adjusted Individual
Observation Model. . . . .........................

146

Consumer Surplus Estimates for Cross-Country
Skiing on Mt. Hood during the 1984-1985 Season
Obtained Using the Three Travel Cost and
Contingent Valuation Methods ...................

153

3

4

5

6

7

8

9

10

11

12

13

14

ALTERNATIVE VALUE ESTIMATES FOR
A NONCONSUMPTIVE PUBLIC GOOD:

CROSS-COUNTRY SKIING ON THE MT. HOOD
NATIONAL FOREST
CHAPTER

I

INTRODUCTION

Public land managers are faced with many competing
demands

for

regulate.

tive

the

lands

and

These competing

resources they manage and

demands involve nonconsump-

recreational activities on lands

marketable

resources

such

as

that also provide

timber,

minerals,

and forage. Management plans routinely prepared for
National Forests administered by the Forest Service, and

grazing districts administered by the Bureau of Land
Management, reflect the prevalence of multiple use management in the administration of public forestlands and
rangelands.

In such cases, the allocation decisions on public
lands must be made not

only

among

market

and non-

market uses, but also among competing market or competing
nonmarket uses.

As long as supply is sufficient to meet

the sum of the demands for these alternative uses of
natural resources, the public land managers face relatively easy decisions in comparison with situations where

demands exceed supply.

As public land resources become
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more scarce, with demand progressively exceeding supply,
pressures exist to increase natural resource use rates.

Prices may increase as well, but only for those few
public land resources exchanged in competitive markets.

Since most public land resources are not allocated in

markets, prices cannot serve to allocate available
supplies among competing uses. One method of allocating
such scarce resources is to limit or deny access to some
users.

Some resource users will benefit while others

will share

costs from allocative decisions made by

public land managers, such as the Forest Service.
Public land managers, in developing public policy to
deal with competing uses and users, pursue various objectives.

These objectives include promotion of national,

regional, and local economic development; achievement of

economic efficiency and equity; preservation of natural

resources; and maintenance of environmental quality.1'
Tradeoffs are inevitable because, as seen

above, these

multiple objectives are many and not all can be concurrently satisfied as rates of growth in demand, over time,
exceed supply.

As a result,

a number of forces have influenced

public agencies in the development and implementation of

natural resource policy.

1'

These forces have included

See, for example, the National Forest Management Act
(1976), Section 2 and 3; and the Forest and Rangeland
Renewable Resource Planning Act (1974), Section (2) point
3.
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politics, legislation, court litigation, bureaucratic

interests, special interest group pressures, and the
professional judgment of the public land managers them-

selves.

As a public agency,

the Forest Service is

directed by Congress to promote means of selecting and

implementing public land management policies through
various

guidelines, such as the Multiple Use-Sustained

Yield Act (1960), the Resource Planning

Act

the National Forest Management Act (1976).

(1974), and

Most of these

legislative initiatives have mandated the use of economic

efficiency analysis in the agency's decision making pro-

cesses

(Rosenthal and Brown, 1985), suggesting that

achievement of economic efficiency is a high priority
objective in public land management.

The public land manager, in directing an economically

efficient allocation of public resources among uses must

strive to maximize benefits to the public (all users).
Randall (1981) describes the efficient allocation of the
public's resources as maximizing society's economic wellbeing.

Maximum economic well-being "is the highest eco-

nomic goal to which a society can aspire.

It is a condi-

tion in which the society is a well-off as it can possibly be, given its resource base, its production techno-

logy, and the tastes and preferences of its members"
(ibid., p. 100).

While maximization of economic well-being from use of

public resources must deal with individually and collec-

4

tively

efficient outcomes,

it does not necessarily

address the distribution of economic welfare among inemEfficient allocations may or may not be

bers of society.

equitable.

Further, apparently efficient pricing or

allocation of resources exchanged in imperfect and/or
flawed markets may not ensure the maximum social wellbeing of

society.

of property rights and

The questions

their distribution, externalities, and competitive market

structures are issues that must be faced by land managers 21

Values can be used to guide choices among natural
resource allocation alternatives.

Economics is concerned

with choices and many of its principles apply to valuation.

Sinden and Worrell [1979] define value as a

function of human wants

desires, environmental

and

conditions (the aggregate of social and cultural condi-

tions that influence the life of an individual or com-

munity), and the circumstances of the evaluator at the
time of valuation less the opportunity cost experienced

in the process of
defined

uses.

The

allocating the resource base to a
value of

a

public

land

resource

21 For a more detailed discussion of the relationships

among types of and obstacles to the achievement of
efficient resource allocations see Randall, (1981),
pp. 144-153.
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"derives basically from some need or desire which it has
the capacity to satisfy.

The greater this capacity, the

greater its value will usually be " (ibid.,

p.

4).

This conceptual definition of value can be simplified

by assuming environmental conditions and the circum-

stances of the evaluator to be constant. Value then

becomes a function of the subset of determinants of
utility and disutility addressed in economic theory:
income and relative prices.

This restricted concept of

value can be given operational content by employing two
economic principles: willingness-to-pay,

which can mea-

sure utility; and opportunity cost, which measures disutility. Thus, the analyst's problem is to find ways to

measure willingness-to-pay and opportunity cost.
Economic benefit values derived for outdoor recrea-

tion have been difficult to measure. Early attempts in
the late 1950s

and

early

1960s

applied

indirect and

direct methods to value a good and/or service not exchanged in a competitive market. Outdoor recreation is
like other recreation activities in that individuals are
constrained by the price, or cost, of recreating;

prices

of other commodities, available leisure time, income; and

taste and preferences. These constraints influence the

extent of participation by an individual in any given

recreational activity.

The problem in valuing those

recreational goods and services not exchanged in competi-

tive markets lies in finding a method to simulate market

6

behavior, forcing users of nonrnarket goods to react as
they would in a marketplace.

The indirect method of recreational resource valua-

tion, referred to as the travel cost method, is accomplished by observing users' expenditures and travel behavior to derive an estimate of recreation benefitse The

direct method (contingent valuation) uses an interview

procedure and directly asks a respondent his/her
willingness-to-pay for some nonmarket resource. The
application of these two procedures

have

primarily

focused on estimating benefits associated with fishing

and hunting, proposed park sites,

the avoidance of

environmental disamenities, quality attributes, and
public resource improvements.
The present study is designed to measure the benefits

of participation in a nonconsumptive recreational activ-

ity on public lands -- cross-country skiing on the Mt.
Hood National Forest located in Northwest Oregon. Similar

studies have been conducted by

Morey (1981) in Colorado

measuring the benefits associated with downhill

skiing,

and the Mineral Kings study conducted by Cicchetti,
Fisher, and Smith (1976) also measuring the benefits of

downhill skiing related to a proposed site located at
Mineral King, California; but no prior study has resulted

in estimates of the benefits of publicly supplied crosscountry skiing.

7

Study Area

The Mt. Hood National Forest serves as the study
area. Mt. Hood is a prominent landmark in the Northwest.
Its peak reaches 11,245 feet providing year around down-

hill skiing and four to six months of active crosscountry skiing.

Mt. Hood is a popular site with moun-

tain climbers, and ranks second to Mt. Rainier among
mountains visited by mountaineers each year. Mt. Hood
offers a wide variety of recreational activities besides

these

winter events such as camping,

backpacking,

hiking, fishing, hunting, windsurfing, sailing, swimming,
horseback riding, and sightseeing.

Mt. Hood is located approximately 60 miles east of
Portland, Oregon. Access to the mountain from the west is

provided by

Oregon State Highway 26, a four lane highway

for most of the way between Portland and Mt. Hood.V As
Mt. Hood is approached, a network of roads supply access

to many lakes, campsites, streams, and

resorts.

Figure 1 is a map delineating the Mt. Hood study area.

The cross-country skiing

sites

are numerically

represented as (1) Government Camp, (2) Trillium Lake,
(3) White River Canyon, (4) Mt. Hood Meadows, (5) Barlow
Pass,

(6) Timberline Lodge,

(7) Frog Lake.

According to

An excellent description of recreational opportunities on the Mt. Hood National Forest are provided in
"Oregon Ski Tours" (1973), by Doug Newman and Sally
Sharrard.
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the FORPLAN management system for the Mt. Hood National
Forest, these sites are designated as either roaded rec-

reation or general forest.

These categories of land

designation allow for multiple uses such as recreation
and timber sales.

The objectives of the present study are:

(1)

to

estimate the economic value of cross-country skiing on

public lands located on the Mt. Hood National Forest
using both direct and indirect valuation methods ; (2) to

compare the net economic value estimates obtained using
both direct and indirect methods; and (3) to explore the
policy implications of using the indirect and the direct

valuation methods for the planning and evaluation of
recreation opportunities.

To achieve these objectives,

relevant literature is surveyed and the most appropriate
versions of the indirect travel cost method (TCM) and the
direct contingent valuation method (CVM) are identif led.

These are, respectively, the unadjusted individual,
adjusted individual, and zonal TCM, and the "dichotomous

choice" CVM. Both methods are then applied to a common

set of primary data obtained through interviews with
cross-country skiiers on the Mt. Hood National Forest.
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This thesis has three major parts. The first part,
Chapters II, III, and IV, is a survey of relevant theory
and the methods of nonmarket valuation. This thesis section

culminates with the presentation of a travel cost

model and a contingent valuation model for valuing cross-

country skiing on the Mt. Hood National Forest. The
second part of the thesis (Chapters V and VI) concerns
the data collection methods, empirical tests, and statis-

tical results derived using the selected models. The
third part, Chapter VII, contains a comparison of the
estimated values from the direct and indirect models. The

thesis concludes witha discussion of the results and
implications of using either or both valuation processes

in the formulation and implementation
management p01 icy.

of public land
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CHAPTER II

THEORY OF NONMARKET VALUATION
In this society,

both individuals

and

public in-

stitutions are involved in economic decisions. While most

decisions are made by individuals in markets, collective

decisions made through the political process also are
used to allocate resources.

Economists long have

been

interested in the analysis of alternative collective
actions.

Welfare economics was developed to provide

public decision-makers with guidelines for the selection
of economic

policies.

Public, or collective, decisions are guided by a set
of social objectives. One such objective -- addressed in
this study and important to public policy -- is economic

efficiency. Efficiency measures such as net present
values and benefit/cost ratios are calculated for alter-

native resource allocations. The public policy selected

for implementation is based, at least in part, on its
relative economic efficiency.

Economic efficiency is a complex concept. One approach used to simplify the concept, Pareto optimality,
is at the core of

modern neoclassical welfare economics.

Pareto-efficiency is a concept of complete efficiency in

which production, trade, and consumption all are

eff 1-

ciently organized within a total system context.

"An

allocation is Pareto-optimal or Pareto-efficient if pro-

12

duction and distribution cannot be reorganized to increase the utility of one or more individuals without
decreasing the utility of others

(Henderson and Quandt,

In other words, Pareto-optimality will be

1980, P. 286).

achieved if each consumer's utility is

maximized given

the utility levels of all other consumers.

Randall (1981) lists three necessary conditions for
maximization of Pareto-efficiency:

(1) The rate of tech-

nical substitution (measuring the reduction in one input

per unit increase in another while holding the level of
output constant) of any combination of inputs should be
equal for all firms in the production of all commodities

that use those inputs, and should be equal to the ratio
of the input prices.

(2) The rate of commodity substitu-

tion (defined as the amount of a good a consumer would be
willing to substitute for another good and still maintain

a given level of utility) for any two commodities should

be equal for each consumer, and equal to the ratio of
commodity prices.

(3) The rate of product transformation

(defined as the amount of an output that must be sacri-

ficed to obtain more of another output without varying
the input(s) of production) of any two commodities should

be equal to the marginal rate of substitution for each
pair of goods.
It

can

be

shown

that

a

perfectly

competitive

13

market economy guarantees the attainment of this effi-

cient equilibrium.
not be directly

The proof of this statement

will

addressed in the present thesis; but the

underlying correspondence between Pareto-efficiency and

equilibrium achieved in perfectly competitive markets
will be discussed.1'

The attainment of efficient equilibrium results,

in

part, from the market behavior of profit maximizing pro-

ducers and utility maximizing consumers.

Profit maxi-

mizing behavior results in the attainment of maximum
profit subject to technology, capital, input prices, and
other constraints.

Consumer maximizing behavior results

in utility maximization (satisfaction from the consumption of goods and services) subject to product prices and
constrained by

income.

To maximize satisfaction subject to limited income,
each consumer purchases

goods in such quantity that his

or her marginal rate of substitution equals the common
price ratio faced by all consumers.

Therefore, the mar-

ginal rate of substitution between every pair of goods
must be the same for all consumers.

The marginal condi-

tions for efficient exchange are satisfied through the
price system under perfect competition.

Ferguson (1979) pp. 442-447 and Henderson and Quant
(1980) pp. 286-292 provide an intuitive and generalized
proof of these conditions.
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Conditions 1 and 3 also are satisfied under condi-

tions of perfect competition.

Production will occur

where the marginal rate of technical substitution between
any pair of inputs

is the same for all producers.

Under

perfect competition, producers will choose to use quantities of each input such that the marginal rate of techni-

cal substitution between any pair of inputs is equal to

the ratio of input

prices.

Since input prices (and

accordingly, price ratios) are the same for all producers
under perfect competition, the marginal rate of substitution must be the same for all producers.
The third condition for aggregate efficiency inaximi-

zation is that the marginal rate of product transformation must be equal to the marginal rate of substitution
for each pair of goods.
perfect competition.

This condition also is met under

The marginal rate of product trans-

formation in a perfectly competitive market is equal to

the ratio of marginal costs between any pair of goods.
Under perfect competition price equals marginal cost, and
thus the marginal rate of product transformation is equal

to the price ratio for any pair of goods, which in turn
is equal to the marginal rate of substitution.

It is a general conclusion that perfect competition,
based on the maximizing behavior of individual consumers

and producers in the

marketplace, will lead to a posi-

tion of Pareto-optimality. This conclusion assumes that
there are no nonpecuniary external effects in consumption

and production.

However, most markets are influenced by

externalities as, for example, when

the

utility level

of a consumer is dependent on the consumption level of
others, or when total production costs for one producer
are influenced by the output level of other firms.

Thus,

an externality is the case where an action of one economic agent affects the utility or production possibili-

ties of another in a way that is not reflected in the
marketplace, or in associated input or output prices.

The actions of the federal government (as well as
state and local governments) often are in response to
externalities, but those actions also can represent a
special type of externality.

Governments impose various

regulations and controls over the economy to which consumers and producers must adhere.

These controls and

regulations include public ownership and management of
public goods including some

natural resources. A public

good generally is defined as nonexcludable and nondivisible.

It is a good for which consumption by one indivi-

dual does not prevent consumption by another individual;
and for which a positive price cannot be enforced.

Thus,

individuals who derive benefits from a public good cannot

be made to pay for it.

Public goods are associated with

externalities since an individual's preferences and consumption behavior are not reflected in market prices and
resulting resource allocations.

Public natural resources may be managed and admini-
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stered such that production

Pareto-efficient

and consumption occurs at

levels.21 To replicate behavior in

perfectly competitive markets, knowledge of the demand
for the publicly owned and managed resource is required.

The demand schedule for a public commodity shows the
price consumers or producers are willing-to-pay for addi-

tional units of the good or service.

Under perfect

competition, price equals marginal cost (the resource
cost society must incur to acquire an additional unit).

Thus, a public agency wishing to allocate natural resources in a Pareto-optimal manner must produce and allo-

cate at rates consistent with individual and social
utility maximization.

To understand social utility maxi-

mization, the maximizing

behavior of individual con-

sumers must be understood. A review of consumer choice
theory is useful for this purpose.

Economic theory assumes that a consumer will choose
among bundles of goods and services based on preference

Economic efficiency is maximized when resources or
commodities are allocated to their "highest and best"
uses. The highest and best use can be determined in

2.!

several ways. The economic definition used in this study
(and believed applicable to allocations made in free and

competitive markets) is that use with the largest
If a market exists for a
associated economic value.
"normal" resource or commodity, it is implied that the
good is sufficiently scarce to be sold at a positive
price. If both sellers and buyers are free to exchange
the good, the consumer offering the highest price gains
Therefore, maximum economic value
use of the commodity.
is expressed as a consumer's maximum willingness-to-pay
for the use of the resource or commodity.
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orderings. Preferences are assumed to possess properties

associated with rational behavior. Axioms of rational
behavior that are assumed

characterize a consumer's

to

decision-making process include:
bundle is as good as

itself;

reflexivity --each

(1)

completeness (compar-

(2)

ability) -- preferences exist for any two bundles and

those preferences can be compared;

(3) transitivity

(consistency), if (a) is strictly preferred to (b) and
(b) to (c), then (a) is strictly preferred to (C);

(4)

continuity -- if a sequence or bundle of goods is at
least as good as (a) and converge on a bundle of goods
(b) then (b) is at least as good as (a);

(5)

nonsati-

ation -- a consumer can always increase his level of
utility by consuming more; and (6)

convexity --

a con-

sumer desires averages in commodity bundles instead of
extremes; in other words, the indifference curve is con-

vex to the origin.

If preferences are consistent with

these six axioms, a mathematical

utility function can be

used to define efficient outcomes.

This utility function is ordinal --

commodities are

ranked in order of preference rather than as measures of
the degree or amount of satisfaction that is derived from

the consumption of commodities. For example, a consumer

may have a choice between two commodities, A and B, and
he prefers A to B. Numbers are assigned to these comniodi-

ties, but those numbers indicate only relative preference

-- they

have no intrinsic significance.

Stated more

rigorously,

with respect

individual utility functions are invariant
to

positive

monotonic transformations.V

The utility function of a consumer is a function of goods
and services consumed:
U = U(q1,q2),

(1)

where q1 and q2 are goods or services.

The amount of goods that can be consumed is

limited

by a budget constraint:
Inc = p1q1 + p2q2,

(2)

where Inc is income and p1 and p2 are the prices of
and q2.

The desire of

a

consumer

to maximize utility

subject to his income constraint can be represented in
the form of the Lagrangian function:

L = f(q1,q2) +

where

x(Inc-p1q1-p1q2),

(3)

A is a Lagrangian multiplier. Utility maximizing

conditions for the quantities q1 and q2 are obtained by

setting the first partial derivatives of equation (3)

A positive monotonic transformation is mathematically defined by first solving for maximum utility as a
function of the utility function:
u*=g{f(x)} then
showing g{f(x)} >0.
This can be illustrated by assigning
10 and 5, associated with A and B as an utility index.
Assume utility can be represented as a function of A and
B;
u=f(A,B).
A new utility index can be formed; g(u).
The function g for example can be u*u. Thus, the numbers 100 and 25, associated with A and B are equivalent
to the original utility index using the numbers 10 and 5.
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with respect to q1,q2 and A equal to zero:

aL/q1 = aU/aq1-Ap1 = 0,

L/q2 =
aL/ax

Solving

(4)

U/3q2-Ap2 = 0,

(5)

= Inc - (p1q1+p2q2) = 0.

equations

(4)

and

(5)

for

(6)

A,

we.

can equate

(3u/aq1)/p1 and (aU/aq2)/p2 so the ratio of the marginal
utilities (aU/aq1)/(aU/3q2)

equals

the price ratio for

consumer utility maximization:

f1/f2 = p1/p2,

(7)

where f1 and f2 are the partial derivatives of U with
respect to q1 and q2.

Alternatively, dividing the mar-

ginal utilities by their respective price must be the
same for all commodities in the optimal commodity bundle:
f1/p1 = f2/p2 =

This ratio

A.

(8)

gives the rate at which satisfaction would

increase if an additional dollar were spent on a particular commodity. The consumer will select that combination of

and q2 which will provide the greatest addi-

tion to utility.

Individual demand curves can be obtained by solving
equations (4),

(5), and (6) for q1 and q2 which relates

consumption of a good or service to the price of the good
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itself, the prices of other goods, and the consumer's
income:

q1 = f(P1,P2,1nc), for i= 1,2.

(9)

The demand schedule will always have a downward slope for

normal commodities, denoting the law of demand:

the

quantity bought falls as price increases. A normal com-

modity is defined as a good or service for which the
income effect is positive. An increase in real income
leads to an increase in the quantity demanded. Therefore
a price decline in a commodity results in an increase in
real income and an increase in the quantity purchased.4'

The aggregate demand for a commodity is referred to
as the demand for the output of an industry. For private
(divisible and excludable) goods, this demand function is

the horizontal summation of demand schedules for all
individuals who consume that industry's output.

For a

good or service not exchanged in established markets,

calculating aggregate demand involves soliciting the
quantity each consumer would demand at various prices and
summing these quantities over all individual consumers.

A further description and detailed analysis of
individual demand theory can found in Henderson and
Quandt (1980) pp. 18-24.

Indirect Utility Functions

An indirect

utility function specifies the highest

attainable utility level for a consumer as a function of
prices and income.

This function is obtained by substi-

tuting the ordinary demand function,

equation (9),

into

the original utility function equation (1) as shown below:

V = V(P11P2,Inc) = U(q1,q2),

(10)

where V(q11q2) is the optimal vector of goods and services and V is the indirect utility function.

Equation

(10) relates changes in utility to changes in prices and

income and is useful for conceptualizing the welfare
effects of changes in relative prices.

Economic benefits related to efficiency can be ineasured as the willingness-to-pay for the proposed outputs,

or products, of a project or resource allocation.

It is

assumed that an individual is rational in his decision

making and will try to maximize his personal utility.
The total willingness-to-pay (benefits) for a society is
the summation of its individual member's willingness-topay.

The willingness of users to pay for a recreation
opportunity is developed from a demand schedule which
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indicates the quantities of that opportunity consumers

would be willing and able to purchase at different
prices.

The total benefits to society are measured by

the area under the demand curve.

Dwyer et al. (1977)

describe willingness-to-pay as the sum of two components:

"the actual market expenditure plus any excess

amount which consumers might be induced to pay.

As long

as demand is downward sloping, this excess amount will be

positive.

We define this quantity as consumers' 'net

willingness-to-pay'" (ibid., p. 9).

Total willingness-

to-pay is then equal to consumers' expenditures plus net

willingness-to-pay (also known as consumers' surplus.)
Figure 2 reflects these relationships.

Net willingness-to-pay is a measure of the extra
benefitsto those individuals who have gained as a direct

result of a project or resource allocation.

It is de-

fined as the additional maximum amount that users would

pay to ensure that they will not be excluded from a
project or denied access to the resource.

Marshall

(1930) was one of the first economists to focus on this

measure of benefits; and in fact, the area under the
demand curve constrained by the quantity purchased is
referred to as Marshallian consumer surplus.
Marshall's consumer surplus assumes that the location

of the demand curve for a good or service is fixed re-
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Relationship of Willingness-to-Pay to Demand Curve.
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gardless of whether actual expenditures for a good or

service do or do not occur. This measure of consumer

surplus implies that whether the good or service is
purchased or not, there is no effect on the consumer's

real income. Therefore, the marginal utility of money
(income) is constant, eliminating the effect of price

changes on a consumer's real income.
utility theory,

Under ordinal

this condition can be generalized:

Currie, Murphy and Schmitz (1971) note that consumer
surplus is unique if and only if the income effect is

zero, meaning the quantity
change as income changes.-1

Marshallian consumer
true consumer surplus.

surplus

of q1 consumed does not
If this is not true, the

only approximates the

Marshallian consumer surplus is

an approximation because the ordinary demand curve re-

flects the substitution and income effects of the same
price change.

The Marshallian approximation, described

The impact of a resource allocation decision on
individual demand schedules consists of two sets of
effects

:

the income effect and the substitution effect.

The income effect states the rate at which the
individual's consumption of the resource changes as
income changes. The substitution effect is the rate at
which the consumer substitutes the resource for other
commodities as the price of the resource changes and he
moves along a given indifference curve. The ftcompensatedN
demand curve reflects the substitution effect. Movements

along this demand curve represent individual changes in
welfare while holding income constant. This allows the

relative comparisons of individual utilities and
disutilities from some initial starting point (Varian,
1984, pp. 130-133).
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by the area under an ordinary demand curve,

is reason-

ably close to the net willingness-to-pay if

the income

elasticity of demand for a good is low and the ratio of
consumer's surplus

to income is low.ñJ

If these assump-

tions do not hold, then a precise measure of consumers'
surplus must be obtained from a Hicks-compensated demand
function.

Freeman (1979) defines the Hicks-compensated demand

function as showing the quantities consumed at various
prices assuming that income is

adjusted so that utility

is held constant at some given level.

The compensating

variation measure of consumer surplus proposed by Hicks
assumes that the consumer has some initial endowment of

goods and services and is currently maximizing his
utility constrained by his income.

The Hicks equivalent

variation measure of consumer surplus assigns rights to

the consumer for the subsequent distribution after the
proposed resource allocation.

Compensating and equivalent variation are income
adjustments that maintain the consumer at particular
utility levels.

Compensating variation focuses on the

To the relief of many welfare economists who, for
pragmatic reasons, must rely on the Marshallian approximation, Willig (1976) compared measures of "true" versus
Marshallian consumer surplus under various conditions and

concluded that the differences are small and almost
trivial in most cases.
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original utility level.

must be taken
price change (a

It is the amount of income that

away or given to the consumer after a
price decrease implies benefits to be

taken away while a price increase implies benefits to be
given) to restore the consumer's original welfare level.

Thus, compensating variation uses the new price as the

base and ascertains the consumer income that would be
needed to compensate the consumer for the price change

holding him to his initial utility level. Equivalent
variation focuses on the subsequent utility level.

It is

the amount of income that must be given to or taken from

the consumer in response to a price change in order to
keep him as well (or worse) off as with the change.

This

measure uses the initial (status-quo) price as a base and

asks what income change at current prices would be equivalent to the proposed change.

Compensating iariation.

Compensating variation is

defined as the change in income required to keep a con-

sumer at some original level of utility (U1) after a
price change.

Suppose that the price of q1 (cross-

country skiing) increases.

To understand compensating

variation, assume income increases (or is restored) so
that equilibrium again can be at the initial indifference

curve level 1
to B2

in Figure 3.

Budget line B3 is parallel

(since prices are the same, the slopes of lines B2

and B3 are equal), and reflects this income restoration.
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q2

Cl2

a2

Cl1

Figure 3.

Graphical Illustration of Compensating Income
Variation, Based on a Relative Price Increase
When the Individual is Entitled to Initial
Level of Utility.
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This approach to compensating variation is known as the
"willingness-to-accept

measure.

Willingness-to-pay compensating variation measures

can be graphically described in the same manner as
willingness-to-accept measures. As in Figure 3,

crcss-country skiing and

cj

is

are all other goods and

services. Assume the recreationist is denied access to
the recreation site so he is initially consuming at

-- a corner solution. The land manager,

such as the

Forest Service, allows the recreationist to cross-crounty

ski (equivalent to lowering the price of cross-country
skiing) thus shifting the budget constraint out from B1
to B2. The skier's new equilibrium is on a higher indif-

ference curve (12). If income is decreased at the new
price so that equilibrium is at the initial inuifference

curve level

1i

the difference in income is the

willingness-to-pay compensating variation measure.

The

graphical representation of willingness-to-pay compensating variation is B2-B3 as shown in Figure 4.

Individual consumer surplus estimates also can be
mathematically derived.

is expressed as

The compensating variation value

the willingness-to-pay or willingness-

to-accept (depending on a positive or negative price
change)

in order to consume the recreational activity

and retain the initial or subsequent level of utility.
Compensating variation is represented through an indirect
utility function such as:
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q2

q;

q;

1

Figure 4.

Graphical Illustration of Compensating Income
Variation Based on a Relative Price Decrease
When the Individual is Entitled to His Initial
Level of Utility.
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V(P1,P2,Y) = V(Pj,P21(Y'-wTP)) = Y'+WTP,

(11)

where V(P1,P21Y) is the original utility level; P1 is the

initial price to cross-country ski;

to cross-country ski;
and

straint);

i is the new

price

Y is income (the budget con-

is relative income after a price

Y'

change. If P1 > Pj then Y-WTP is used to measure gains.

On the other hand if P1 < Pj then Y+WTA is used to
measure losses.

For illustrative purposes, indirect

utility is expressed as a linear function:
V(P1,P2,Y) = B1P1 + B2P2 + B3Y.

(12)

Now substitute equation (12) into equation (11) with P1 >
.

B1P1 + B2P2 + B3Y = B1Pf + B2P2 + B3(Y'-WTP),

(13)

and solving for willingness-to-pay gives:

B1(P1-P) + B3Y
WTP

B3

(14)

The same procedure is used to solve for willingness-toaccept as follows:

B (P1 - P) + B3Y

WTA=

1

B3

+ Y'.

(15)
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Equi1ent_iariation.

Equivalent variation can be

described in a similar graphical manner.

For example, a

consumer has an indifference curve and budget constraint
as in Figure 4,

price of

but initially is not consuming q1. The

q1 decreases forming a new budget line tangent

to a higher indifference curve.

In this case property

rights are being denied to the consumer restricting him
from reaching the higher utility level as a result of a
resource allocation decision.

A budget line can be drawn

parallel to the original budget constraint and tangent to the
higher indifference curve as in Figure 5.

Equivalent variation is the additional income necessary to reach the higher indifference curve that could be

obtained if the resource policy had taken effect.

The

willingness-to-accept measure of a gain is 33-B1. It
identifies the amount of income (assuming the individual
had property rights to the resource being allocated ) the
individual would be willing-to-accept in order to
his use of a resource. Equivalent

forego

variation measures can

be mathematically derived in a manner similar to the
compensating variation derivation.

The willingness-to-accept

(if

P1

>

P11)

and

willingness-to-pay (if P1 < P) measure is:
V(Pf,P2,Y') = V(P1,P21Y-WTA/Y + WTP),

(16)

where V(Pi,P2,Y') is the new utility level after a price
change. Now substitute equation 12 into 16 with P1 >

P1:
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q2

q

q

q1

Figure 5.

Graphical Illustration of Equivalent Income
Variation Based on a Relative Price Decrease
When the Individual is Entitled to His Subsequent
Level of Utility.
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B1Pf + B2P2 + B3Y' = B1P1 + 132p2 + B3(Y + WTA),

(17)

and solving for willingness-to-accept gives:

B (P
1

WTA=

'

- P1) + B3Y'

1

- Y.

B3

(18)

The same procedure is used to solve for willingness-topay as follows:

1(P1' - P1) + B3Y'

WTP = Y

B3

.

compensating or eguivaent variation?

(19)

Which measure

is the raost appropriate depends upon the circumstances
involved and the questions to which answers are sought.
In the present study,

the recreationists currently have

de facto rights to the cross-country skiing areas; although these rights are contingent upon government legis-

lation and Forest Service regulations.

The theore-

tically appropriate Hicksian measure of consumer surplus,

if the recreationists had exclusive property rights to

the skiing areas, would be the compensating variation
measure.

On the other hand, it could be argued that

since a public identity owns the skiing area, the equi-

valent variation measure may best be applied. Thus, it

could be argued that

the circumstances of the recre-

ationist -- how he perceives the ownership (access-
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ability) of property rights -- may direct the selection
of the most appropriate measure.

The three measures of consumer surplus described in

this chapter (Marshallian, compensating variation, and

equivalent variation) are the most commonly used and

appropriate measures of economic benefits.
(1979)

Freeman

suggests four criteria by which these methods can

be evaluated:

(1) practicability, (2) the implied distri-

bution of property rights,

(3) the uniqueness of the

measures, and (4) their consistency.

The practicality criterion concerns the use of readily obtainable market data. Marshallian consumer surplus,

but not the equivalent and compensating variation measures, meet these conditions.

To obtain compensating and

equivalent measures, one needs to separate the income and

substitution effects of relative price changes.

This

process is difficult if not impossible.V

1/

For all practical purposes, the separate income and
substitution effects cannot be observed or deduced from
aggregate market demand relationships. At the individual
level, these separate effects can be estimated only if
the individual's utility function is fully specified and
known. In reality, the individual utility function is
never fully specified nor known. Consequently, if it is

assumed that the price change (fee imposition) has a
negligible effect on the individual's level of real income, then for all practical purposes the Marshallian
estimate of consumer surplus derived from the ordinary
market demand schedule is adequate.
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The

second criterion, evaluation of the

distribution
embodied
tives.

of property rights, is

implied

an ethical question

in law, legislation, and public policy objec-

As such, value judgments are required on the part

of the policy maker as to which underlying distribution
of property rights is most desirable or equitable.

Since

redistribution of property rights is not implied in the
current problem, the compensating variation measure would

seem to describe both the existing and the implied distribution of property rights and/or resource endowment.

The compensating variation measure is unique only in

the case of a homothetic utility function with linear
income-consumption paths or rays emanating from the ori-

gin, where the income elasticities of the
services in question are unitary.'

goods and

Compensating vari-

ation. will fail to be unique if more than one resource

proposal is to be evaluated and ranked. Compensating
variation does not provide a

"

Silberberg

comparable base by which

(1972) points out that a homothetic

utility function implies there is a unique correspondence
between utility gains (losses) and proportions of income

gains (losses). This relationship can be described as
follows. First the consumer is at some utility level U0
with a vector price P0 consuming X0. Price decreases,

an increase in income occurs,

or

so he is attains some

higher utility level U1 with a price vector P1 consuming
at X1. Because the utirity functions are homoEhetic they

are radial blow-ups of each other. Therefore, if the
consumer had originally started at some point X on U0
other than X0, and the same price or income change
occurred, the consumer would end up at the same utility
level U1.
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utility gains

or loses can be evaluated if multiple,

concurrent policy decisions are to be evaluated. It is
possible for two different pricing stategies to be under-

taken in which there exists a difference in the compen-

sating variation measure of benefits or costs, but the
consumer is indifferent between the two because he remains on the same indifference curve.

The final criterion, theoretical consistency, does
not hold for the Marshallian measure of consumer surplus.

But as shown by Willig (1976), Marshall's consumer surplus lies between the compensating and equivalent variation measures.

Willig concludes ,at the level of the

individual consumer, cost-benefit welfare analysis can be

performed rigorously and unapologetically by means of

consumer's surplus

[Marshallian],"

(ibid.,

p.

596).

willig's conclusions are based on individual comparisons

of Marshallian and Hicksian measure of benefits. The
counterargument

is that if differences, even though they

may be small, do exist between individual consumer surplus estimates, these differences may be magnified when
aggregated across individuals to obtain value estimates
for public goods.
Freeman

states that the differences among the three

surplus measures depend "on the income elasticity of
demand for the good in question and consumer surplus as a

percentage of income or expenditure.

The differences

among the measures appear to be small and almost trivial
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for most realistic cases.

The differences are probably

smaller than the errors in the estimation of the para-

meters of demand functions by econometric rnethods
(ibid., pp. 47-49).

Under the conditions noted above, the

Marshallian

consumer surplus measure can be a very close approxima-

tion to the theoretically correct measurement of net
willingness-to-pay. As used here, the measure of benefits

for cross-country skiing on the Mt. Hood National Forest

are the Marshallian and compensating variation measures
of

consumers' surplus as estimated, respectively, from

the demand relationships derived using the travel cost
and contingent valuation methods.

Obtaining societal values for nonmarket resources

involves the aggregation of individual utilities and

disutilities (measured by willingness-to-pay and
willingness-to-accept estimates).

This may be achieved

by appraising the net value for each individual in

a

group. Adding these individual observations gives

a

total value for society as a

whole.

This group value

may be represented as:

w = U1 + U2 + ... Un.

(20)

The assumption of additivitiy across all individuals
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in a user group population is very restrictive. Further,

the standard neoclassical approach also includes the
assumptions of no externalities and no group preferences
or group effects restricting or directing the aggregation
of individual utilities.

In practice, there is no reason

to believe that individual values are the same as collec-

tive values.

What may be best for a group (valued very

highly) may have disutility for individual members of
the group.

A negative individual valuation for a pro-

posed resource allocation may nonetheless have positive
value for the decision in the

context of the group.

An example of this paradox

may be a decision to

preserve old growth timber for future generations, a
decision apparently highly valued by a group but one
concurrently taking income away from individual members

of that group. Such

decisions do occur

in

reality,

although in theory, group preferences do not exist,
leading some to question the plausibility of the underlying assumptions. In addition, the assumption of a

com-

mon utility function with respect to income which facili-

tates the aggregation of individual utilities,

is equi-

valent to assuming that all members of society award
equal value (in terms of income) to marginal increases in
the volume of old growth timber.

Thus, a caveat is in order when individual utilities,

or benefits, are to be pooled.

That caveat sometimes is

called the "aggregation problem."

That problem is
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avoided, if not directly addressed, through application
of certain compensation principles.

Economists pursuing

an economically efficient allo-

cation of natural resources

encouraged

among society's members have

decision makers to apply

benefit/cost

analysis associated with hypothetical or actual compensation.

Benefit-cost analysis is concerned primarily with

efficiency in the allocation of public resources.

"It

can be viewed as an attempt to replicate for the public

sector the decisions that would be made if the private

market worked satisfactorily" (Haveman and Weisbrod,
1975, P. 171).

The roots of benefit-cost analysis are

established in the concept of Pareto optilnality.

This

concept contends that a policy should be undertaken if at

least one person is judged to be better off without
anyone else being made worse off as a consequence of the
project's implementation.

It is difficult, however, to think of a real-world
situation wherein an allocative or management decision

would not make at least one person worse off.

Other

criteria have been developed that acknowledge this problem by accepting certain policy decisions which will help

some resource users but harm others.

The most widely

used and cited criterion in benefit-cost analysis adopts

this pragmatic approach, and

was first proposed by

Kaldor (1939) and Hicks (1939). It states "that a change

in the allocation of resources should be regarded as
increasing welfare if either the Pareto criterion is met
or the persons who have gained by the resource reallocation could compensate those who have been harmed by it so
as to leave the latter at least as well off as they would

have been without the reallocation" (Havernan and
Weisbrod, 1975, p. 173).

A policy would be favorably

considered under this criterion if its positive net effect

yields benefits greater than its costs.

"In the

aggregate sense the project could make everyone better
off if appropriate compensations were made, although in

actuality some persons are made worse off" (ibid.,

p.

174)

Under the Kaldor-Hicks criterion, a key issue is how
net benefits are measured.

If costs and benefits can be

observed under conditions of competitive market equilibrium,

choices

that only involve market outcomes can be

relatively easy to solve using economic efficiency criteria benefit-cost analysis.

Unfortunately, the majority

of public land manag'crit decisions

involve both market

and nonmarket uses. It is difficult to apply benefit-cost

analysis in these situations. The benefits gained from a
market use such as timber harvesting measured using monetary stumpage values cannot be easily weighed against the

loss of recreational opportunities such as cross-country
skiing and hiking that have no observable market prices.
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In the absence of markets and market exchange, other
means must be found and used to value nonmarket services
provided on or from the public lands.

The values attributed to publicly supplied recreation activities have generally focused on what an indivi-

dual would be willing-to-pay. Valuation involving the
travel cost and the contingent valuation models devise

demand schedules for the recreation site. The demand
function estimates the quantity of visits an individual
will make at various prices.

The most widely used valuation method has been the
indirect approach using travel cost data. The origins of
this technique have been credited to Hotelling (1949) in

a letter to the U.S. National Park Service. The first
applications of the direct approach have been attributed

to Clawson and Knetch (1966). The present

study

eli-

cited individual willingness-to-pay values obtained
through direct questioning, summed these values across
the sample, and extrapolated from them to the population
of users.

Regardless of the technique employed, there is a
clear need for economists to estimate values for nonmarket goods and services provided on public lands. Such

value estimates can provide policy makers and public
sector decision-makers with a systematic information base
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from which the relative values of market and nonmarket
goods and

services may be compared.

And the objec-

tivity of public policy decisions can be thereby enhanced.
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CHAPTER III

AN OVERVIEW OF THE TRAVEL COST METHOD
APPROACH TO NONMARKET VALUATION
The travel cost method (TCM) is accomplished by esti-

mating

a demand function for a site or resource

using

incurred cash and noncash travel costs as a proxy for
price.

Actual observations of individual expenditures

and various characteristics of both the recreationist and

the recreational site are used to develop
function.

a demand

The cost of accessing public recreation lands

varies from individual to individual:

the farther a

person lives from a cross-country skiing site,

the

greater the implicit cost he or she will incur in
traveling to the site.

expenditures but also by

By observing not only individual
comparing the opportunity costs

incurred by different users from different locations,
aggregate demand relationships for

each

population zone

can be developed.

Hotelling has been credited as being one of the first

to suggest the use of the travel cost method to estimate

an economic (consumers' surplus) value

for a public

good. In a 1949 letter to the National Park Service he
suggested using concentric zones around a recreation area

where the cost of traveling to the site from all places
in a particular zone are approximately the same and can

be used as a price variable in a demand schedule. The
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number of per capita visits from each zone would be the
quantity variable.

Clawson (1959) extended

Hotelling's work by de-

fining the cost variable as the price of the whole exper-

ience. This experience includes anticipation (planning)
event,

of a recreating
site

experience,

traveling

to the site,

the on-

traveling from the site, and recollec-

tion of the recreation experience. Two demand functions

are estimated using this approach, one for the whole
experience and the other specifically for the on-site
experience. The whole experience demand function is esti-

mated by relating visits per capita in each zone (quan-

tity) and the average travel cost per zone (price).
Plotting the price and quantity variables describes

normal demand

curve which is expected

a

to be downward

sloping. The zones closer to the recreation site will
have a higher per capita visitation rate than the zones
farther from the recreation site.

The site demand function is obtained by imposing a

certain hypothetical fee increase in addition to the
average zonal travel cost to determine the participation

rate from the whole experience demand curve. This procedure is based on the assumption that an individual in
one zone will behave the same as an individual in another

zone if the first's costs are
costs.

the same as the second's

"People in all distance zones would consume the

same quantities of the activity at given monetary costs.
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That is, the demand curves for all distance zones have
the same slope"

(Sinden and Worrell, p. 366))'

Further,

an assumption is made that a recreationist will react to

an entrance fee at a recreation site in the same manner

as he would to increased travel costs. The visitation
rates per zone are summed and used as the quantity vari-

able for each fee increment (price variable). By integrating the area under this demand curve, the second (on-

site) demand curve is used to estimate the aggregate
consumers' surplus associated with use of the recreation
site.

Refinements in the Rotelling-Clawson Methodology
Later studies improved the Hotelling-Clawson inethodo-

logy. Knetch (1963) highlighted the need to include the
effect of time as a constraint in determining a recreationist's

demand function.

Exclusion of time as a

(opportunity) cost variable underestimates the value of

the price variable.

Knetsch, besides suggesting the

inclusion of travel time, encouraged the use of demographic variables in estimating the demand relationships
as well.

This implies, in turn, that recreators from all
distance zones either share a common utility function or
that the experimental design used in collecting data and
estimating demand relationships controls for differences

in tastes and preferences, household income, age, and
other variables.
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Brown, Singh, and Castle (1964) modified and expanded

the Hotelling-Clawson approach by studying the influence

of other variables besides travel cost on per capita
visits.

These additional variables included the number

of fish caught, variable cost per day (food, lodging,
bait...), the number of recreational days, and income.
When income

was included as an independent variable in

the demand equation, it was found to be correlated with

variable costs per day, trips per capita, catch, and
number of days in the trip.

Stevens (1966) in his study of fishing in Yaquina
Bay, Oregon, has been credited with the development of a

quality index as an argument in the demand function.

Stevens used success rates as a quality variable to
explain demand for a given recreation site.

An elasti-

city of success was computed and applied in measuring the

benefits of reducing pollution and increasing fishing
success in Yaquina Bay.

Gibbs

(1969)

devised an alternative to the

Hotelling-Clawson method by recognizing the distinction

between fixed and variable costs in recreating.

The

price variable consists of two components -- fixed transportation costs and variable on-site expenses.

The quan-

tity variable was the number of per capita visits (days
spent at the recreation site).
Pearse (1968) also recognized the distinction between

fixed and variable costs in recreating and used indivi-
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dual observations instead of aggregate zonal data points.

approach, as

Pearse's

earlier methods, assumed that

the recreationist will respond to an entrance fee as he
would respond to change in travel costs.

He also assumed

that recreationists with similar income levels have
similar tastes and preferences.

Pearse took individual

observations and stratified them according to income
Observations then were ranked within each stratum

level,

based on the relative magnitude of travel costs.

The

difference between the travel cost an individual incurs
within a stratum and the highest travel cost incurred by
any individual in that stratum is the net benefit of that
site for the individual.

Brown, Nawas, and Stevens (1973), studying big game
hunting values in Oregon,

noted that the assumption that

all recreationists in the same income category have
identical

preference functions was very restrictive.

"In economic terms, Pearse is assuming that each partici-

pant in an income group would be willing to pay as much
as the highest spender in the group in order to continue

to 'consume the current quantity taken'" (ibid., p. 8).
They later showed through several
of a

examples the

absence

relationship between Pearse's surplus measure of

benefits and the traditional Marshallian consumer surplus
measure.

Even though Brown et al. criticized the Pearse
method, they credited Pearse with identifying the need to

make inferences from observed recreationists only to the

recreating population -- not to the entire population
which included nonrecreationists.

"Before his

[Pearse]

article, all studies (with which we are familiar) tried

to make inferences back to the general population...
However, due to Pearse's research, more recent formulations of recreational demand have more properly confined

the analysis to the population of participants..."
(ibid., p. 11).

Later work by Edwards, Gibbs, Guedry, and Stoevener
(1976) also used individual observations instead of zonal
aggregates as data points for the demand function.

Their

procedure suggested that the on-site demand function of
the Hotelling-Clawson model was a transformation of the
whole experience demand function; and that the function
could be directly estimated.

The authors estimated the

average individual's demand function, which then was used

to approximate the value per visit to the recreation
site.

Brown et al., further refined the individual observa-

tion by comparing results obtained with a zonal estima-

tion of the TCM demand function.2/

They identified a

serious deficiency in the zonal method related to the

The use of individual observations as data points in

the TCM is referred to as the unadjusted individual
This technique places equal
weight on each individual observation instead of using
observation (UlO) approach.

zonal averages as measures of the dependent variable.
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loss of efficiency of information using aggregated data.
Through a simplified example, they showed that "using the

traditional

zone average' procedure produces an effi-

ciency of estimation of only about five percent of that

possible by using information from all the individual
observations.

Another way of interpreting this result

is that one would need about 20 times as many sample
observations to approach the same precision of estimation

possible from using the individual observations" (ibid.,
p. 65).

The individual approach defines the quantity

variable as the number of trips taken per season by an
individual.

This quantity is regressed on the indivi-

dual's travel cost (which may include travel time), income, and demographic variables.

The number of observa-

tions is increased, thus enhancing the precision of the
estimators.

Also using individual observations, Gum and Martin

(1975) calculated values for recreation sites in the
entire state of Arizona.

They obtained significant para-

meter estimates for separate time and money cost variables.

Gum and Martin suggested that failure to include

socioeconomic variables

which vary widely among indivi-

duals may bias the cost coefficients.

Thus, when using

an individual observation model, there will be greater
data requirements.

Finally, prices of substitute recrea-

tion sites within Arizona were included as a separate
explanatory variable. It appears that if a model includes
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the values of substitutes, with more substitutes available the value of any individual site should be less.

Implementation of the TCM has evolved

from the use

of concentric zones to individual observations. Problems
can occur when using individual observations in the TCM,
especially when faced with a recreation experience under-

taken once a season. Brown, Shalloof,

and Hsiao (1985)

reviewed two past studies conducted in Oregon that
applied travel cost methodologies to calculate the bene-

fits of big game hunting and salmon sport fishing.V
Having access to

primary travel cost data, the authors

applied different methods to calculate consumer surpluses. These methods included the unadjusted individual

observation (tHO) approach, zonal average travel cost
(ZATC) approach, per capita individual observation (PCIO)

approach, and a multiplicative model.4"

This paper is unpublished. It currently is under
review with the title: "Aggregation Bias in Estimating
Recreational Benefits From Individual Observations: Some
Comparisions.

The PCIO approach adjusts each individual's participation to a per capita basis. The multiplicative model was

developed as a result of correspondence between Brown,
Shalloof, and Hsiao with Professor Kenneth McConnell of
the University of Maryland. The multiplicative model is
based on a participation function where the dependent
variable is defined by taking the total expected number
of participating respondents per zone and dividing this
estimate by that zone's population.
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The estimated benefits using the different methods

revealed that the tJIO approach gave big game hunting

values six to eight times greater, and salmon sport
fishing values four times higher, than the other three
methods.

Brown et al.

(1985) contended that even though

the true consumer surpluses are unknown for salmon sport
fishing and big game hunting, the estimates using the UlO

method appear to be too high compared with the value
estimates obtained using the other three methods. Several

reasons are suggested for these differences centering
around the use of inicroeconomic models for the purpose of

estimating macroeconomic relationships. "Fitting a
travel-cost-based outdoor recreational demand function to

UlO ... does not properly account for cases in which a

lower percentage of the more distant population zones
participates in the recreational activity" (Brown et al.,
1983, p. 154).

In the current study, sufficient

data

were col-

lected to develop the concentric zonal, the individual

observation, and the adjusted individual observation
models. The literature suggests that all three techniques
can be readily applied, allowing the comparison of alternative model formulations and results.

Theoretically, the demand for a good or service is a

function of the price and availability of substitutes.
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The magnitude of the demand for a substitute good (recreation site) is defined by the price cross-elasticity of

demand, which is the proportional change in the quantity

of X demanded resulting from a proportional
the price of the related good Y.

are substitutes,

change in

If two recreation sites

they display a positive cross-

elasticity. If the sites are perfect substitutes this
value is one.

These substitutes, if not accounted for,

can result in overstatements of consumers' surplus.

For

example, suppose an individual has a choice of recreating

on two cross-country skiing sites and is indifferent
between them except for the difference in travel costs
(transportation cost and travel time).

As incremental

fees are increased for the closer site there will be some

point at which the consumer's use of the first site will
diminish or cease as that consumer travels to the substi-

tute site(s) in order to maximize his utility subject to

a budget constraint.

If the analysis does not account

for this substitution possibility, quantity demanded
(visits) for any given price may be overestimated.

The problem of substitute sites in estimating a con-

sumer's demand function for a recreation site was first

extensively studied by Burt and Brewer (1971).

They

specified a recreation demand model to include prices of
other substitute recreation sites.

"Each improvement in

the estimation for the set of demand equations (based on
statistical theory) had a tendency to increase the cross-
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price-quantity coefficients (in absolute values),., im-

proved estimation appeared to elicit the interdependencies among the various categories of recreation sites"
(ibid., p. 826).

This approach measures the demand for

each site separately assuming the influence a substitution site has on any other sites can be measured through
statistical specification.

Talhelm (1978) used an index of the attractiveness
and availability of other recreation sites in the rele-

vantsit&s demand function.

He described a method by

which an index is derived from observations of visitors'
choices. This "method is a kind of di'scriminant analysis,

based upon the assumption that if any sites are perfect

substitutes, users will go only to the least expensive
(closer) site.

If not, some users will travel to the

more expensive site.

The stronger the differences be-

tween sites, the more cross-site ('excess') travel will

be observed, ceteris paribus" (ibid., p. 14).

Taiheim

defined excess travel as the total cost of travel in
excess of the cost of traveling to the least expensive
site in the same product category.

Recreation sites were

categorized by likely attributes such as trail size,
parking space, facilities, etc.

These categorized attri-

butes were then "hypothesized as defining the products
available within the system... and are accepted or rejected on the basis of observed excess travel..." (ibid.,
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p.

These attributes were indexed and used in a

14)

demand function per site based on the acceptance or
rejection of the excess travel criteria.

Morey (1981) developed a model of constrained utility

maximizing behavior to

explain how an individual allo-

cates his ski days among alternative sites.

The specific

form of his utility function is as follows:
J
U

=

E yBh(a11 a2ji a3

a4

a5)

(21)

j =1

where

= the amount of skiing activity j produced and

demanded by the individual per season; a1

is acres of

ski runs at site j that the individual is capable of
skiing; a2

is the

acres of ski runs at site j consis-

tent with the skier's ability; a3

is the vertical trans-

portation feet at site j; a4j is the average annual
snowfall at site j; and a5

is the effective physical

characteristics of the site which in turn depend upon the

physical characteristics of the individual.

Morey con-

structed models of consumer behavior using maximum likelihood estimation procedures.
site characteristic

These included price and

elasticity estimates for the vari-

ables explanatory of a consumer's utility at each site.
Caulkins, Bishop, and Bouwes (1985) conducted a study

in which the effects of omitting substitute price van-

ables were analyzed from data generated by Monte Carlo
simulation. They contended that the general conclusion
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of earlier studies, suggesting that the omission of substitute site variables will result in the overestimation
of consumer benefits, may not necessarily be true.'

The

extent of substitute bias depends upon the significance

of the omitted variable in influencing demand. It also
depends on the correlation between the omitted and retained variables.

A systematic positive correlation may

be expected to produce underestimations; and on the other

hand, a systematic negative correlation will result in
overestimates of the value of a given site.

As long as substitute sites are available, they
should be included in the recreation demand estimation
procedures, along with some index of quality.

sites for the Mt. Hood National Forest
eastern and central Oregon.

Substitute

are found

in

For the majority of rec-

reationists traveling from the greater Portland area, the
additional travel time would be at least twice that spent
in

traveling

to Mt. Hood. Hence, it can be assumed Mt.

Hood is a unique recreational area, and substitute sites
are not addressed in the present research.

Recreation economists must confront several issues

when estimating travel costs.

One issue concerns the

inclusion of all variable recreation costs (including ski

This conclusion was based on the assumption of a
positive cross-price elasticity for the substitute site.
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equipment, food, clothes, lodging, skiing lessons, etc.)
with transportation travel

costs in recreating.

costs in estimating the total

The question focuses on how a

recreationist perceives his recreation costs at a
specific site -- or what costs does the recreationist
consider in arriving at a decision to take a trip.
Ward (1984) categorized both travel and other out-of-

pocket costs (c1), and the opportunity cost of travel
time (a1),

as either exogenous or endogenous to the

travel decision such that:

c1=cx+ cn1,

(22a)

a1 = ae1 + an1,

(22b)

and

where cxi, are exogenous out-of-pocket costs such as gaso-

line prices (transportation costs), entrance fees, and
other costs determined by forces exogenous to the recrea-

tionist; cn

are endogenous variable travel costs that

include any expenses above the minimum required to rec-

reate; ae1 is exogenous travel time; and an1 is endogenous travel time such as on-site and/or enroute
travel time in excess of ae1 travel time.

Ward suggested that the endogenous costs may be in-

fluenced by many factors (Si), but one such factor is
exogenous expenses. For example, the farther a person
lives from a recreation site the less trips he or she
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will take per year; and the more on-site time and discre-

tionary out-of-pocket expenses the recreationist will
undertake to substitute for the reduced number of annual
trips.

Thus, the cost of trips (ri) is:

= cx

+ cn(cx11s) + ae1 + an(ae1,s1).

(22c)

Ward contended that if discretionary expenses are a
function of distance, then an unbiased estimate of con-

sumer surplus will be observed if the price variable
consists of exogenous costs. In the present study the
price variable is distance multiplied by cost per mile.

The per mile cost variable (price) is calculated by

averaging the travel cost for the total sample and
dividing this figure by the average distance traveled. It

is assumed that variable costs will increase as the
number of trips increase, holding distance constant.

A second major issue in measurement of travel costs
focuses on multiple purpose trip visits.

For example, an

individual from Los Angeles may be visiting friends in
Portland and recreating on Mt. Hood.

Her cost (travel)

from Los Angeles to Portland is not incurred for the sole

purpose of cross-country skiing.

In this situation,

costs must be separated for purposes of recreating and
visiting.

Otherwise, the estimate of consumer surplus

for the individual will be overstated.

Thus, the appro-

priateness of which travel costs to be included in a
demand function generally has been a problem associated

with multiple purpose trips. Only in the case of skiing

on a single site as the sole purpose for the trip is
total travel cost a valid price proxy.

The total costs of traveling to and from a particular

site include the value of travel time.

How the oppor-

tunity cost of traveling is to be measured and applied in

the estimation of total travel costs is uncertain,
especially when consumerss tastes and preferences differ.

Some of the first economists to deal with this problem

were Cesario and Knetsch (1970) and Cesario (1976).
Cesario summarized the major problem with including
travel time in net benefit analysis, "like recreation
consumption itself, time consumption has no market value.

That is, whereas the variable cost of automobile travel
may be reasonably estimated from market prices for gaso-

line, oil, tires, etc., the valuation placed on travel

time is highly subjective, varying from individual to
individual and from situation to situation" (ibid., p.
33).

Cesario

suggested another problem with incorpor-

ating travel time in total travel costs is that they "are

usually so highly correlated that it is impossible to
distinguish empirically between their separate effects"
(ibid., p. 33).

To deal with these problems it is tempting to use an
individual's wage rate or a percentage of it as a measure
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of time costs.

Cesario maintained that the value of time

with respect to nonwork travel is between one-fourth and

one-half.

On the other hand, Jennings and Gibbs (1974)

who surveyed

357 campers found 78 percent of the inter-

viewees indicating travel costs (monetary) as the
limiting factor in the quantity of trips taken. They

suggested that the valuation of time is not a (the)

constraining factor in the decision-making process.
Clearly, the value of time in travel is not easily ascertained, especially when some contend that travel time may

not involve an opportunity cost at all.

Instead, bene-

fits may be derived from the experience of traveling.

A typical approach used in valuing time has been to
use some percentage of a recreationist's wage rate (com-

puted by dividing annual income by 2000 -- the number of

hours worked in a year). McConnell and Strand (1981)
proposed an alternative method for estimating the opportunity cost of time in outdoor recreation demand studies
using data specific to the recreation sample.

They sug-

gested that the UlO travel cost model (where the dependent variable, X,

is trips per respondent) can be writ-

ten as:

X = B0 + B1C + Btiw + error,

(23)

where C is the cost per trip; t1 is time spent traveling
to the site; and w is the marginal wage rate.
and Strand rewrite the above equation as:

McConnell

X = B

+ B1[C + Kw] + error,

(24)

where K equals B2/B1, the proportion of the wage rate

equal to the marginal value of time.

McConnell and

Strand estimated K to be approximately 60 percent of the

wage rate based on a 1978 survey of sport fishermen in
the Chesapeake Bay region.

Overall, McConnell and Strand

argued that the opportunity cost of travel time should be

treated as a fraction of the wage rate -- but that frac-

tion will vary across recreation sites since out-ofpocket costs per trip and time costs vary among sites and
recreators.

As Smith, Devousges, and McGivney (1983) pointed out,

the McConnell-Strand model requires detailed information

on time constraints facing recreationists --

information than usually is available.

much more

Smith et al.

showed that the value K, computed over 22 sites, ranged
from

-9.417 to +80.000.

Eleven of the 22 estimates of K

were negative, and of the positive values eight were
greater than unity.

They suggested that some of the

values of K (80.000 and 28.833) seem "completely implausible."

In contrast to the McConnell - Strand model,

Smith et al, developed an approach that uses a hedonic
wage model for each recreationist which predicts a wage
rate based on the individual's job and residential site

characteristics.

Second, models were constructed in

which on-site time is part of the recreation site demand
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functions.

Third, a choice model was devised that deter-

mines the marginal value of time from the wage rate, but
not as a fraction of the wage rate.

In conclusion, Smith et al. contended that different
recreationists will experience different degrees of flex-

ibility in the use of their free time.

Thus, the rela-

tive time constraints for recreationists depend upon the

type of site used and the recreational activity undertaken.

The limiting factor in dealing with an appropriate
measure of the opportunity cost of travel time appears to

focus on the amount and type of data necessary to estab-

lish an adequate measure of the cost of time.

problem to be overcome, observations

For this

must be made on

each individual's tradeoff between time and monetary
costs.

The result would be a new cost variable that is a

function of both time and money costs.

The present study was not designed to solicit the
data necessary to produce such a cost variable.

It is

the contention of this author that the Smith and
McConnell models suggest that it is infeasible in a
survey setting to do more than apply informed judgment

when estimating

the value of time. Therefore, in the

following analysis the consumer surplus values are estimated (1) without inclusion of the opportunity of cost of

travel time; and (2) with the opportunity cost of travel
time equaling one-fourth of the relevant hourly wage rate

62

per unit of travel time, assuming an average travel speed
of 50 mph.

Congestion at a recreation site may affect the qual-

ity of the recreation experience; and hence

could in-

fluence the value an individual places on his recreating
experience.

McConnell (1977) used the TCM to construct a

congestion "constant" demand curve.

He argued that the

correct measure of benefits is for current levels of site

congestion; and thus benefits must be estimated holding

levels of congestion constant.

Levels of congestion

will vary over time, affecting various users differently

depending on the time of day, week, and season they
participate in the recreating experience.

To solve this

problem, estimates of demand relationships for weekdays,
weekends, and different parts of the season are needed if

congestion is homogeneous within each time interval.
This reasoning implies that specific details on (1) the

time patterns of use by individual recreationists, and
(2) the associated facility conditions are needed before

conclusions about the effect of congestion on benefits
estimated using the travel cost model can be drawn.
Smith (1981) stated "the adjustments necessary to the

travel cost model cannot be made ignoring the difficulties associated with the timing of recreational use and
its implications for the aggregation of individual demand
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functions" (ibid., p. 96).

instead, those adjustments

must be "reflected in the modeling of individual behavior

including the process through which anticipations of
congestion are formed, the estimation of an individual's

demand for a site's services, and in the description of

how a site's services are allocated across individual
users" (ibid., p. 96).

It is generally assumed that there is no unobserved

demand due to congestion (capacity constraints).
seriousness of this

The

problem is dependent upon the inter-

relationship between congestion and a quality index variable.

It generally has been accepted that for most

people increased congestion reduces the quality of the
recreation experience.

The travel cost method has been the most accepted
technique for measuring the economic value of recreation
resources,

It has been re-evaluated, tested, and rede-

signed to better reflect a nonmarket resource user's
decision-making process. Several TCM techniques can be

readily applied in the present study, including the
aggregate zonal model, the

unadjusted individual obser-

vation approach, and the per capita individual observation technique.

The per capita individual

observation

approach (suggested by Brown et al., 1983) is similar to

the unadjusted individual observation technique except
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that the visitation rate (trips per season) is multiplied

by a blow-up factor (the number of individuals who ski
from the respondent's population zone) and then divided
by the population of that zone. The aggregate zonal model

incorporates the estimated cost per visit as a function
of the number of visits per capita in population zone i.

All three of these methods are based on several
assumptions that must be accepted (fulfilled) before

useful estimates from the travel cost models can be
derived.

Several of these assumptions (as suggested by

Dwyer, Kelly, and Bowes (1977)) are (1) an individual
reacts toan entrance fee in the same manner as an in-

crease in travel costs,

(2) no unobserved demand is

unsatisfied due to capacity restrictions, and (3) all
relevant and statistically significant variables which

are involved in the travel decision process

are cor-

rectly specified.

By observing the recreationist's expenditure behavior, the first assumption stated above allows the
proper establishment of a price or an equivalent distance
variable.

With the specification of a price variable, a

demand curve can be computed directly from a visit pre-

diction model.

The first point on this demand curve is

the number of recreational users per season at the study

site(s), referred to as V1 at a zero price.

points on the

The other

demand curve are derived by estimating

changes in user rates as a result of changes in an en-

trance fee.

How a recreationist reacts to successively

higher entrance fees is approximated by estimates of the
effects on travel cost as a proxy for price.
The visit prediction, or use estimate, models applied
in this study

must include those factors which determine

demand for the analyzed good: visits per season on Mt.
An individual's demand for a good can be expressed

Hood.

by the following:

V

where

= f(C, P, 4, D1, Q, S, Tj),
is the number of trips from origin i

capita) or by individual i.

(25)

(per

The interpretation of the

subscript "i" varies with the TCM technique being implemented.
C

is the travel cost from origin i or by individual

I to the recreation site.
has

This variable traditionally

been calculated by multiplying the distance traveled

by some (per mile) dollar value representing the cost of

gas, oil, depreciation, and all other expenses involved

in automobile transportation. The cost per mile is

jointly obtained from the state or federal Highway
Department, while distance travelled is solicited from
the recreationist. This approach is used in implementing
all three travel cost models. It is assumed that a nega-

tive relationship exists between price and quantity in
the demand function, and therefore that the travel cost

coefficient is negative.
P1 are

the variable costs involved in the recreation

experience such as an entrance fee, ski lessons, snow
park permit, etc.

This variable is assumed to be posi-

tively related to the visitation rate.

4 is the recreating intensity variable for each
origin i or individual i. This variable is a vector of
the recreationist's cross-country skiing characteristics

such as the number of years skied,

the individual's

participation in other outdoor winter and summer sports,
etc.

is the level of the individual's (household) income. It is assumed that the income coefficient is positive.
D

are the demographic variables for each origin i or

individual i. This variable may include family status,
employment, education level, the amount of income spent

each year on activities such as cross-country skiing,
age, sex, etc.

Demographic variables such as employment,

age, and education level are assumed to be positively
related to visitation rate.1'

are the quality attributes that

respondents from

origin i, or individual i, rank in order of their
importance to each individual's cross-country skiing

This relationship may be explained by the high
correlation of age, education and employment status with
income.
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experience.

The higher is the value of the quality

variable, the greater the expected participation rate of
the recreationist.

Si is the substitute site index for origin i or
individual i. This variable has been found to be important in many travel cost studies.

However, it is argued

that the influence of substitute sites in the present
situation is minimal. The vast majority of the recreationists surveyed live west of the Mt. Hood National
Forest.

Most of the respondents live at such a distance

from other established cross-country skiing areas (high

elevation areas where standing snow is reported for at
least several months out of the year) that they would not

be willing, in all probability,

to travel to more dis-

tant cross-country skiing areas. Those few respondents
who do live closer or "close enough " to other ski sites

may be represented by a dummy variable in the various
regression equations.

T1 is the travel time from origin i or by individual
I to the recreation site.

Travel time is included as an

opportunity cost variable in

dual

the zona). model and indivi-

models. This variable is

measured as a fraction

(one-fourth or one-third) of a recreationist's wage rate.
To avoid the anticipated multicollinearity between travel

distance (travel cost) and travel time, this variable is

combined with the cost variable when the fraction of a
recreationist's wage rate is used as proxy for the oppor-

tunity cost of travel time.

Of the possible functional forms that could be used

to represent the relationship between visits and the
various explanatory variables, a linear demand model
first is estimated for the simple reason that it is the
simplist form.

It is recognized that a linear model may

not best fit a demand curve; but rather, that an exponen-

tial and or a quadratic form may better depict a true
demand curve due to its curvilinear, asymptotic properties.

The models to be implemented here take the double-log
form:

in VPT = B0 + B11nTC + BxlnX2;

(26)

the linear-log form:

VPT = B0 + B11nTC + B21nX2;

(27)

and the semi-log form:

1nVPT = B0 + B1TC + B2X2.

(28)

The quadratic model is represented by:

VPT = B0 + B1TC + B2X.

(29)

Clawson-Knetch (1966) used the area under the derived

demand curve, or consumer surplus, as the appropriate
Brown et al. (1964) chose a point

measure of benefits.

on the demand curve that corresponds with the "price" a
nondiscriminating

monopolist would charge.

This value

represents the maximum net yield to the supplier of
cross-country skiing opportunities, and is less than the

maximum consumer surplus value. For the zonal aggregate

travel cost model, subtracting the actual amount of
travel cost in distance zone i from the maximum amount
the recreationist would be willing to pay is equivalent
to measuring the consumer surplus per capita for zone i.

The total consumer surplus is then calculated by multiplying the per capita consumer surplus by the population

in each zone and then summing the consumer surplus for
each zone.

The net benefits per capita for distance zone

1 can be mathematically expressed as:

çtc0
cs

J

f(x) dx1,

(30)

1 tc

where tc

is travel cost from zone i to the recreation

site and tc0 is that level of travel cost such that no

trips are taken.

Consumer surplus estimates for the

unadjusted and adjusted individual observation approaches

are calculated in the same manner as for the aggregate
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zonal model except consumer surplus is calculated per
individual i instead of per capita in zone i.
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CHAPTER IV

AN OVERVIEW OF THE CONTINGENT VALUATION
APPROACH TO NONMARXET VALUATION

Contingent valuation techniques directly address an

individual's valuation of a nonmarket good through a
hypothetical structured market.

The researcher creates

an artificial market for the nonmarket good, finds users
of the nonmarket good to participate in the hypothetical
market,

and records the results.

These results are

interpreted as expressed values for the nonrnarket good
contingent upon the existence of the hypothetical market.

Several valuation techniques have been widely used.
These include bidding games, open-ended questions, and
take-it-or-leave-it offers.

The bidding game has been the most widely used tech-

nique in contingent valuation. Generally, the procedure

under which it is conducted is through a personal or
telephone interview.

A nonmarket resource user is asked

if he or she is willing to pay a particular fee to use

the resource. If the response is yes, then the bid is
increased until a no answer is obtained; if no, the bid

is decreased until a yes is obtained.

These responses

are measures of the respondent's net willingness-to-pay.

An open-ended question directly asks the respondent the
maximum value he or she would be willing to pay to avoid
the loss of the resource.

Again this value is taken as
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The take-it-or-leave-it

the net willingness-to-pay.

technique of contingent valuation (also known as dichoto-

mous choice) asks a person if he or she would be willing
to pay a specified fee to use the site per day.

The fees

are randomly drawn from an assumed probability distribution.

The first study using the direct method of estimating

demand for the use of a recreational facility was an
investigation conducted by Davis in 1963.

Individuals

were asked the amount they were willing to pay for use of

a recreation site in

Maine.

A bidding procedure was

used, and recreationists were asked if they would still

continue to use a recreation site, or decrease their
visitation rate, if charged a series of incremental fees.
Fees were increased until a no use response was obtained.

The individual observations were averaged across the
sample and expanded to the population as a whole, re-

sulting in a measure of recreation benefits.

Davis'

results showed that a consumer's net willingness-to-pay

was a positive function of income, number of years of
experience with the area, and the length of the visit.

Dwyer, Kelly, and Bowes (1977) described the Davis
bidding game methodology as "the most acceptable applica-

tion of the survey techniques" (ibid., p. 67).

Dwyer et

al, argued that the bidding game has advantages over
other direct noninarket valuation techniques because of
the interviewing procedure.

Only actual users of a rec-
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reational site are contacted.

It is believed that ques-

tioning those with actual on-site knowledge should yield
more accurate site valuations, thereby

avoiding at least

a portion of the hypothetical construct.

This procedure

would yield a more accurate estimate of user values;
although it would not include the option values of nonusers.

Another advantage of the bidding game is in its

design to encourage a respondent to make a careful decision by continually forcing the individual to re-evaluate
his valuation decision.

Following the initial study by Davis, the use of
direct questioning in nonmarket valuation studies was not

In 1974, Hammack and

replicated until the early 1970s.

Brown

conducted a study using the direct questioning

approach to survey hunters of waterfowl.

This study was

designed to measure benefits of duck hunting by soliciting either the hunter's net willingness-to-pay or his

net willingness-to-sell value.

The

objective of the

study was to estimate consumers' surplus for waterfowl
hunting in the Pacific flyway rather than valuing a site-

specific recreational experience.

Their questioning

technique focused on a net willingness-to-sell value, by

asking the hunter the smallest amount (value) he would
accept to give up his right to hunt waterfowl; and/or by

asking how much greater his costs would have to be in
order not to go hunting that season.
The methodology used by Harninack and Brown was plagued
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with several problems.

First of all, their average

willingness-to--sell value was approximately $1,050 per
season. The average willingness-to-pay value was approximately $250.

The vast difference between these two esti-

mates could be attributed to the hypothetical nature of

the question which placed respondents in a situation
where specification of entitlements to property rights
differ.

Soliciting

willingness-to-sell values assumes

that the respondent already has property rights to the
resource.

On the other hand, willingness-to-pay values

are obtained by assuming that the individual has no or

limited rights to the resource, but is willing to exchange something of less value to him in order to obtain
the property rights.

Other problems associated with the Hammack and Brown

"The question

method are summarized by Dwyer et al.:

used to elicit willingness-to-pay is very open-ended and

does not place the respondent in a market type decision

process.

The use of a mail survey to estimate

willingness-to-pay also appears to have a disadvantage
over the personal interview which permits the establish-

ment of rapport with the respondent and use of the bidding technique" (ibid., p. 73).

In 1974, Randall, Ives, and Eastman estimated the
value of aesthetic damages associated with development of

the Four Corners Power Plant in New Mexico.

used

a

bidding procedure to find

a

This study

significant
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willingness-to-pay value.

The aggregated

value across

the entire population was estimated at 25 million dollars

a year, which can be interpreted as the societal
willingness-to-pay to reduce aesthetic damages caused by

air pollution, power lines, and land erosion from the
mining of the Navajo coal strip mines and the electric
generation plants.

Subsequent to these early studies, the use of open
ended questions and take-it-or-leave-it offers have been

applied.

These different techniques have been used to

increase the reliability and accuracy of benefit estimates.

Much of the effort and literature on contingent valuation methods has focused on the testing for and measure-

ment of bias.

Biases in contingent valuation are the

various factors that cause an individual's response to be

different from what it would be in a true market situation.

Some of the more significant types include infor-

mation, starting point, hypothetical, strategic, instrument, and interviewer biases.

Information bias is the influence on an individual's
valuation that is accounted for by the amount and type of

information given to the recreationist in the inter-
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viewing process.

Information given to an interviewee

relating to substitute sites and alternative costs (due

to changes in travel cost and potential entrance fees)
may well change a consumer's willingness-to-pay bid rela-

tive to the bid if no or different information were
presented.

Other types of information, such as the

aggregate or average responses of other interviewees, if
known to the interviewed recreationist, can influence his
willingness-to-pay value as well.

Results of information bias tests in past studies
have been inconsistent.

Brookshire, Thayer, Schuize, and

d'Arge (1982) conducted a study applying the direct quesestimate

tioning format and hedonic property values to

the benefits individuals were willing-to-pay for air
quality improvements in the Los Angeles area.

This study

concluded that information bias was not a significant
factor influencing air quality benefit estimates.

Thayer (1981) reported similar results in his study

of recreation sites in the Jemez Mountains (Santa Fe
National Forest).

This study obtained estimates of the

benefits derived from the preservation of the area in its

natural state versus the construction of a geothermal
plant that would include eleclric generation plants and
transmission lines.

Data were solicited on individuals'

perceptions of substitute sites and site quality charac-

teristics.

A series of questions were asked concerning

the use of alternative sites; and through this procedure
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recreationists were informed of the whereabouts of substitute sites.

Thayer contended that knowledge "of al-

ternatives could bias the individual's bid behaviour in

either direction dependent upon initial perception"
(ibid., p. 33).

Thayer suggested three possible outcomes of information bias, including a downward bias bid relative to the
expected bid that would result if information

were pro-

vided that would correct the misconception of a recreationist who perceives the next nearest substitute site to
On the other hand,

be farther away than it actually is.

a recreationist might perceive the next nearest site to

be closer than it actually is, resulting in an upward
bias bid.

No information bias occurs when correct per-

ceptions of alternative recreation sites exist.

Thayer

included an information variable in the general bid equa-

tions and found that the hypothesis of a significant
variation between groups differentiated by the information structure was rejected using the standard F-test at
the ten percent level of significance.

Thayer's results are in contrast with an earlier
study reported in 1980 by Rowe, d'Arge, and Brookshire
known as the Farinington Experiment.

An economic value of

visibility over long distances was estimated.

Inter-

viewees were residents and recreationists in the Four
Corners Region of New Mexico and Arizona.

Pictures were

used to depict different levels of visibility followed by

a sequence of questions concerning a recreationist's
maximum willingness-to-pay to obtain different ranges of

visibility.

To test for information bias, individuals

were told that their bids were too low to keep power
plant emissions at present levels, thus avoiding the
obstruction of air visibility.

Individuals were then

asked if they wanted to revise their initial bids.

Based

on the results of those who revised their bids (approxi-

mately one-third) when given previous information on
average bids and how their bids may influence an outcome,

it was concluded that information bias has a substantial
impact on maximum bids.

Reviewing Brookshire et al. and Thayer leads to the

observation that these studies differed in the type of

information perceived by respondents;

and that this

difference may explain the opposing conclusions of the
two studies relative to the effect of information bias.
Thayer admits that reasons for the difference in results

are debatable; but he conjectures "that the relative
significance of the various biases is a function of the
respondents' ability to comprehend the game -- the trade-

offs involved, the hypothetical situation, etc."
p.

(ibid.,

43).

In conclusion, a researcher must be careful with the
amount and type of information given to the interviewee.

Careful planning and proper interviewing methods are
needed to provide consistent and equal information to

,4]

each respondent, minimizing the presence and significance
of information bias.

Starting point bias is associated with the iterative

bidding method.

It has been argued that the starting

point of the bidding procedure affects the outcome of the
final bid.

Several studies have suggested otherwise.

Thayer varied starting points in his bidding proce-

dure between $1.00 and $10.00, finding no evidence of
starting point bias at a ten percent significance level.
Brookshire et al. also tested for starting point bias by
varying initial bids.

They concluded that starting point

bias was not present in their results.

Contrary to these studies, the Farniington Experiment

conducted by Rowe et al. found strong evidence of
starting point bias.

The higher the starting point, the

higher the maximum willingness-to-pay estimates.

It was

found that interviewees' bids for improvements in visibility increased by $0.60 for every $1.00 increase in the
starting point.

Brookshire et al. in their 1982 study of the South
Coast Air Basin also evaluated the influence of starting
point bias.

As previously noted, a bidding

technique

was used to value air quality through the measurement of

an individual's willingness-to-pay for air quality im-

proveinents, versus the property values of parcels and

improvements owned by the same individual using the
hedonic approach. Relatively similar benefit estimates
using the direct questioning procedure and property value
approach were obtained.

The comparison of these values

was designed to test the validity of contingent responses.

This comparison tested whether an individual

actually paid what he said he would be willing to pay for
air quality improvements.

Another study conducted by Boyle and Bishop (1984)

valuing scenic beauty along the Lower Wisconsin River
concluded that a starting point bias was present.

One of

the main objectives of the survey was to compare values
derived from different contingent valuation techniques.
These techniques were bidding games, payment cards, and
take-it-or-leave-it offers.

A bid equation was fitted to

the bidding game data (reflecting a linear relationship

between the starting bid and final bid).

The fitted

equation showed the coefficient on the starting bid vari-

able to be significantly different from zero, and posi-

tive in value.

Boyle and Bishop summarized "that the

direction of the bias caused by the starting bids resulted in an upward effect on the estimate of willingness
to pay" (ibid., p. 12).

One of the more current and thorough studies of
starting point bias has been conducted by Boyle, Bishop,

and Welsh (1985).

This study applied a starting point

bias test in several test cases, including the Lower

Wisconsin River study mentioned previously.

A second

case examined by Boyle et al. was initially conducted by

Bishop, Heberlein, Welsh, and Baumgartner (1984).

This

study used a simulated market (auction format) and con-

tingent valuation techniques to estimate the value
hunters place on a deer hunt at the Sandhill Wildlife
Demonstration Area in Wisconsin.

Testing for starting

point bias from the contingent valuation data, the coefficient on the starting bid was found to be significantly

different than zero at the

99 percent level of

confidence, implying a starting point bias.

On the other

hand, the simulated market showed no starting point bias.
The coefficient of the starting bid was not significantly

different from zero at the 90 percent

confidence level.

The authors suggested that starting point biases existing

in contingent markets, but not present in simulated mar-

kets, were an indication that starting point bias is a

characteristic of hypothetical markets.

Boyle et al.

suggested several reasons for their conclusion, and
stated that

the losses from making an error in the

simulated market may be greater than the losses from
making a comparable error in hypothetical market" (ibid.,
p. 193).

To summarize, studies designed to test for the exis-

tence of starting point bias have shown that it is pos-

sible to influence the final bid of respondents by
varying the starting points in hypothetical markets.

It

has been suggested that the avoidance of starting point

bias can be accomplished by varying bids among respon-

dents; letting respondents choose their own starting
points; and/or devising an initial bid based on demographic variables (income, etc.).

In general, if a bid-

ding game is used, the existence of starting point bias
must be tested.
Hypothetical Bias

In contingent valuation markets, the bias attributable to the use of a hypothetical market, not an actual
market, is known as hypothetical bias.

Hypothetical bias

may occur when a respondent lacks the experience and
frame of reference to know how he would behave in a real

market. An individual must be placed in as true a market
situation as possible.

Otherwise, responses may reflect

such experimentally uncontrolled factors as the respon-

dent's perception of the world, his current physical
well-being, what he contends to be socially desirable,
etc.

If willingness-to-pay estimates are to be free of

hypothetical bias, changes in environmental attributes
(air quality, timber clear cuts, uncontrolled flooding)

must be presented to a respondent in such a way that he
fully understands and believes the occurence is possible.
Testing for hypothetical bias involves the comparison

of solicited willing-to-pay values and actual market
values for the same commodity.

Schuize (1981) contended
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that it is "extremely difficult to measure the extent of
hypothetical bias within a contingent experiment since it

depends not only on the structure of the experiment, but
also on the 'uncontrolled' factors of the future" (ibid.,
p. 158).

Bohm (1971) conducted a study of consumers' valuation
of public television in Sweden.

Bohm designed an experi-

ment through which different payment schemes and bidding

formats were compared.

Results

indicated that

willingness-to-pay values solicited in a contingent valu-

ation circumstance were significantly different from
those rendered by individuals who actually had to pay for

public television.

These results implied the existence

of hypothetical bias.

In 1979, Bishop and Heberlein conducted a nonmarket
valuation study of goose hunting. They found that hypo-

thetical bids (willingness-to-pay values) for hunting
licenses were much lower than actual cash offers accepted

to forego hunting (willingness-to-sell values).

This

distinction could be explained by differences associated

with willingness-to-pay and willingness-to-sell values
due to the income effect.

Brookshire, Randall, and Stoll

(1980), analysing this income effect, suggested that

while it may explain some of the difference between
willingness-to-pay and willingness-to-sell value estimates,

respondents who "are not accustomed to being

offered compensation for losses in natural and environ-

*
mental amenities may find willingness-to-accept formats

incredible and unrealistic, or they could interpret
willingness-to-accept formats as providing an opportunity

for making strong statements about a set of rights which

seems fairer than the rights which actually exist ..."
(ibid., p.468).

Bishop and Heberlein also found that

hypothetical willingness-to-pay values were greater than

actual willingness-to-pay cash offers suggesting the
presence of hypothetical bias in their results.

Bishop et al. in the Sandhill Experiment also showed
willingness-to-pay values in contingent auctions as being
much higher than willingness-to-pay values in actual cash
markets.

As in the goose hunting experiment, they attri-

büted these results to hypothetical bias.

It is generally accepted that hypothetical bias
exists in contingent valuation studies.

The main ques-

tion surrounding hypothetical bias is its magnitude -how great and in what direction it affects an outcome.
Hypothetical bias is very difficult to measure. The dif-

ficulty in measuring hypothetical bias reinforces the
need for considerable attention to be given to the instrument design phase of contingent valuation studies.
Credible survey questionnaires are mandatory.

Strategic bias occurs when a respondent intentionally

misstates histrue willingness-to-pay value in order to

manipulate some desired outcome.

For example, an indivi-

dual who believes a use permit may be forthcoming to gain

access to a recreation site, and that his bid will be
used for the setting of use permit fees, may bid low.

On

the other hand, an individual might believe a high bid
would heighten public support for, say, cross-country
skiing, and lead to higher taxes spread across the entire

population, or earmarking from some other resource pool

to make more cross-country skiing opportunities available.

In the current study, if a recreationist were told
his bid would prevent future timber harvesting on the ski

area, it is assumed that the respondent would have an
incentive to bid more than what he or she actually would

bid in a market situation.

It is difficult to measure

strategic bias since it is not known if an individual's
bid is "strategically" high or low.
It appears that strategic bias could be a problem but

empirical evidence contradicts that surmise.

Bohm (1971)

tested for strategic bias and found it to be insignificant.

Other studies designed to measure the effect of

strategic bias such as Brookshire, Ives, and Schulze
(1976) and Bishop et al. (1984) have not found the effect
of strategic bias.

The authors of the Farmington Experi-

ment devised their survey instrument to inform the respondent that he would have to pay the average bid, but

not necessarily his own.

It was assumed that if the

individual wanted to strategically affect the outcome, he

would bid lower than his original bid to drive down the

mean and visa versa if he wanted to increase the mean.
It was observed that only one person acted strategically
-- an economics professor.

Even though prior studies provide no strong evidence

of strategic bias, the respondent must be placed in a
realistic decision making framework, especially if there
exist emotional ties to a recreation site.

That realism

was incorporated in the survey instrument, and survey
design, used in the Mt. Hood cross-country skiing experiment.

Instrument Bias

According to Rowe and Chestnut (1983), instrument
bias "occurs when characteristics of the mechanism to
obtain willingness-to-pay influence the outcome" (ibid.,
p. 407).

vehicle.

Instrument bias is in reference to the payment

The payment vehicle for the use of a cross-

country skiing site could be an entrance fee, increased
taxes, increased travel distance, etc.

In the Farmington

Experiment, Rowe et al. tested for instrument bias by

using different methods of payment including utility
bills (entrance fees) and payroll taxes.

Individuals

were willing to pay more when faced with a payroll tax
than an entrance fee.

Greenley, Walsh, and Young (1981)

in their study measuring option values and other values

for water quality among residents of Denver and Ft.
Collins, Colorado, (users of the South Platte River
Basin) found that bids were lower when sewer fees were

proposed as a method of payment versus a sales tax,
Greenley et al. stated that some of their respondents
when faced with a sales tax believed that "taxes were
already too high and expressed little confidence in the
ability of responsible government entities to implement

an effective program of water quality preservation"
(ibid., p. 667).

From these studies it is suggested that vehicle bias
can affect an individual's response.

The payment must be

made in a manner that is realistic and acceptable to the
consumer - something with which he or she is familar.

In

the present study, the payment vehicle is an entrance fee

much like the snow park permits currently used by the
Oregon State Highway Department.
Interviewer Bias

Another bias cited in the literature has been attributed to the interviewer.

Interviewer bias occurs when

different interviewers obtain different estimates
(holding all demographic variables equal) for the same
item being valued.

This may happen if one interviewer is

more effective than another in obtaining information from

a respondent by building
viewees.

better rapport with the inter-

Interviewer bias only can occur when telephone

or personal interviews are used as the survey method, and
when more than one interviewer is employed.

Boyle and Bishop (1984) reported that the results
from the payment card method revealed considerable interviewer bias.

In their statistical analysis, dummy vari-

ables were used for the five interviewers employed; and
it was found that two had significant coefficients.

The

mean response for the two was approximately $42.00, versus $18.00 for the other three.

These results show the

importance of training sessions, the use of experienced
interviewers, and/or the employment of a single interviewer in contingent valuation studies.

The "State of the Art" Methodology
in Continaent Valuation
Recently,

has

attention in nonmarket valuation studies

focused on dichotomous choice formats.

The intro-

duction of this noniterative technique enhances contin-

gent valuation procedures by adding yet another method
against which value estimate obtained using other techni-

ques can

be

compared.

One

of the first economic

studies to use a dichotomous choice format was

by Bishop et al.

(1983).

conducted

Other studies conducted by

Hanneman (1984), Boyle and Bishop (1983), as well as
Sellar, Chavas, and Stoll (1985)

have used the dichoto-

mous choice approach.
As mentioned earlier, Bishop et al. (1983)

used this

method to estimate the value Wisconsin hunters placed on
a special goose hunt.

The results of the study indicate

large differences between estimated values using alter-

native contingent valuation methods.

The take-it-or-

leave-it(dichotomous choice) willingness-to-sell value

was $101.00, much greater than the open ended
willingness-to-pay value of $11.00.

Bishop et al.

applied a simulated market technique whereby

recipients

of goose hunting permits were offered a randomly selected

cash offer to relinquish their permits.

The value ob-

tained from this procedure was $63.00 per person.

The

simulated market value, since it involves actual money,
is assumed to be less artificial than the purely hypothetical contingent value, implying a price closer to what a

real market would produce. Bishop et al., suggested that
the differences in estimated values can be attributed to
the influence of a quasi-market (the actual exchange of a
right for money).

"The stimulus of real dollars, which

the subject can actually spend, is simply more powerful

than the hypothetical dollars presented in a questionnaire" (ibid., p. 628).

Others reporting similar results

are Brookshire et al. (1980), and Schulze et al. (1981).
The goose hunt study laid the groundwork for dichoto-

mous choice questioning in contingent valuation studies;
and in so doing highlighted institutional limitations in
its application.

Willingness-to-sell values, even though

theoretically the same as willingness-to-pay values, are

subject to externalities not present in hypothetical
markets

represented by willingness-to-pay formats. The

primary difference between the two formats focuses on the

perception of property rights proprieties. These results

have encouraged the further pursuit of the dichotomous
choice format in estimating an individual's willingnessto-pay, rather than willingness-to-sell, values.

Boyle and Bishops' Lower Wisconsin Study, as mentioned earlier, applied the logit model in a willingnessto-pay format. The mean estimates obtained by this proce-

dure were approximately $7.00 less than the bidding game

results ($29.82) and the payment card ($29.36) values.
The median estimate using the logit model was approxi-

mately $3.00 less than the $15.83 and $14.56 obtained
using the bidding game and the payment card techniques.

Boyle and Bishop contended that the logit estimates

of the mean and median values were plausible when compared with the bidding game and payment card estimates.
Their results encouraged further use of the dichotomous
format for several reasons.

First, it avoids some of the

problems associated with the bidding game, namely the
starting point bias.

Second, it is an alternative to

payment cards where there is the uncertainty of
anchoring bias.

The third advantage associated with the

logit technique is its practicality.

It is possible to

use a mail survey instead of a personal interview, asis
required by both the bidding game and payment card tech-
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nique.

Finally, in comparison with other techniques it

better represents a market situation since the logit
technique offers only one take-it-or-leave-it price in-

stead of an open-ended (choose your own) range of price
options.

Sellar, Stoll, and Chavas (1985)

applied the logit

model in estimating benefits from recreational boating on

Four Lakes in East Texas.

They applied a travel cost

model, a contingent valuation open-ended technique, and a

close-ended contingent valuation technique (dichotomous
choice).

The open-ended model provided very low esti-

mates of consumers' surplus. In fact,
values were obtained.

some negative

The travel cost model and the

logit model provided comparable benefit estimates for
three of the four lakes in the study.

As Sellar et al.

point out, one would expect the travel cost model to give
a

larger estimate

of consumers' surplus than the con-

tingent valuation model.

This is due to the fact that

the contingent valuation model estimates benefits for
the

total recreational experience -- versus the benefits

for just the boating aspects of recreating as estimated
using the contingent valuation model.

However, the Four

Lakes study results did not support this expectation.

Sellar et al. suggest "if the respondent was only to
picnic and camp, he could do this at any number of other
sites, and would not necessarily travel to this lake-site

for activities not involving his boat or water.

That
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observed consumer behavior suggests that the benefits
from the nonboating part of the experience may be small,

so that the travel cost method estimates of consumers'

surplus would be expected to be comparable with the
estimates from the contingent valuation method" (ibid.,
p. 25a).

An interesting aspect of the Four Lakes study was the

solicitation of an individual's subjective view on the

accuracy of his response to the contingent valuation
questions.

The respondent was given an opportunity to

indicate if he felt his answers

to the closed and open-

ended contingent valuation questions were "Quite
Accurate".

Typical responses were

"There is no way I

could come up with accurate answers", or "Accurate in a

ball park kind of way".

Twenty-five percent of those

responding to the open-ended format said that they could

not provide an accurate answer.

Only nine percent of

those evaluating the dichotomous choice format responded

in the same manner. These results provide additional
encouragement for the use of the take-it-or-leave-it
method, at least as applied in the estimation of contingent valuation benefits.

The take-it-or-leave-it technique is applied in the
present study.
sons:

This method was chosen for several

rea-

(1) the avoidance of starting point bias associated

with the bidding game; (2) the "yes" or "no" response
reflective of purchasing behavior in actual markets;

(3)
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the existence of an acceptable payment vehicle;

(4) ease

of application, limiting the potential for interviewer
bias; and (5) favorable results obtained in past studies
that applied the logit format, i.e. Boyle et al. (1984),
Bishop et al. (1983), and Seller et al. (1985).

The primary analytical

methods used to estimate

consumers' net willingness-to-pay in discrete choice
situations have been logit and probit models. The logit
and

probit models have been applied in other behavioral

studies as well, e.g., prediction of achievement levels,
voting behavior,
1974).

risk preference, and others (McFadden,

In these cases (as in most market situations), an

individual as a decision-maker is confronted with "yes"
or

"no" responses

place

to

a given situation.

In a market-

a consumer is faced with this type of choice

whenever he decides to purchase a good or service.
Usually, the consumer is faced with a single price for a

particular commodity and must decide if he or she is

willing or not to purchase it at that price.

Some,

especially Boyle and Bishop, and Sellar et al., have
argued that an advantage of the dichotomous choice model

is its reflection of a market situation -- one more

realistic than those characterizing the use of the
bidding game and the open-ended questions technique.

In nonmarket valuation studies, the dichotomous re-
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sponses (either yes or no), the price,

and other explan-

atory variables are used to fit a logit model.

The logit

model is a cumulative logistic probability function that
can be used to estimate the mean value respondents place

Following Pindyck and

on the item being valued.
Rubinfeld (1981,

p.

287), the logit function can be

specified as:

1

p1=f(Z1)= f(a + Bx1)=

i+e'i'

is the probability that the i
an offer, x

1

(31)

respondent will accept

are explanatory variables, and B are their

coefficients.

The graphical form of this function is as seen in
Figure 6 (Sellar, Chavas, and Stoll, 1985).

The average willingness-to-pay is represented by
X g(x)dx, where x(inax) is the maximum

E(WTP)

fee any respondent is willing-to-pay, and

g(x) is the

probability distribution of a yes response to a given
offer X.

The area above and to the left of the curve is

the recreational user's willingness-to-pay. This

value

is the Hicksian compensated measure of welfare change.

In the present study, P(x) has been calculated using

equation (31).

P(x)

is the probability of a "no"

response to a given offer; and thus, g(x) = 1 - P(x).
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a+Bx.)
2

p

R
0
B

A
B
I
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I
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X(max)
x.

1

Figure 6.

Graphical Representation of the Logit Function.

Substituting 1 - P(x) for g(x) results in E(WTP) =
fx(max) X(1-P(x))dx, or E(WTP)

f(max) xdx

x(inax)

Jo

(x(inax)

P(x)dx, which equals E(WTP) = x(max)

,

Jo

Substituting the logit function from equation (31)

for P, the Hicksian compensated measure of welfare,
E(WTP), can be expressed as:
E(WTP) = X(max)

(X(max)

Jo

[1 + e

( cz+BX)
1

]dx.

(32)

The first derivative of this function with respect to

quantity (the number of visits,

g,

to a

recreation

site) represents the Hicksian demand schedule -- the
amount consumers are willing-to-pay to acquire the cross-

country skiing opportunity. Economic theory suggests the
value of this (normal) good to be positive, and the good

will have a negative sloping demand curve. Thus, the
first derivative must be greater than zero and the second

derivative must be negative. In order to express E(WTP)
in terms of price and quantity, -(ct+bx1) is generalized

to equal -f(p,q). Therefore, the first derivative with
respect to q equals:

dE(WTP)

dq

rx(max)

Jo

f/q exp[-f(x,q)]
-2 dx,

(33)

{1+exp[-f(x,q)]}

and must be positive.

The second derivative of E(WTP) with respect to q is:
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x(max) d2f/d2q - (df/dq)2 exp[-f(x,q)]

d2E(WTP)

Jo

2

d q

{l + expt-f(x,q)1}

2

(34)

2d2f/d2q expf-2f(x,q)]
+

{l + exp[-f(x,q)]}

3

This value will be negative when df/dq is less than

or equal to zero, implying that the probability of a
negative response to

a price offer should decrease as

the quantity increases, or when d2f/d2q is greater than

(df/dq)2. Thus, these two criteria must be satisfied
before the functional form of a selected logit model can

becorrectlyapplied.
Selecting the functional form of the logit model
requires analysis of a recreationist's utility function.

An individual's utility from cross-country skiing is
represented by

V(P5, P, Y),

where

(35)

is the price paid to ski,

is the price of all

other goods and services, and Y is income.

Estimating an individual's utility including his net
willingness-to-pay value (R) could be represented by

V(P5, P, Y-R) or V(P,

Y),

(36)

net willingness-to-pay plus all other ex-

where

penses involved in cross-country skiing (maximum
willingness-to-pay).

It is difficult to accurately measure R or P. In the

present study, instead of directly soliciting

it was

proposed that a recreationist pay a fee (F) randomly
selected from a cumulative distribution function (see
Appendix B).

By so doing, the change in a consumers

utility with the proposed fee is measured by estimating
the probability of an individual paying the fee, or:

V(N,

'z' Y-F)

.V(P5,

z' Y).

(37)

Comparing utilities requires P5 in the utility
function to reflect the number of trips taken per season
without a fee (replacing P

with N))"

Thus, a represen-

tation of the above utilities reflecting trips taken with

the fee and no trips taken (0) because of the fee is
shown below:

This type of derivation is explained in more detail
by Hanemann (1984). The price to cross-country ski in
the indirect utility function is replaced by the number

of trips taken (N) through a two-stage maximization
procedure.

V(N,

'z' Y-F)

.

V(0, P, Y).

(38)

By observing a recreationist's behavior (assuming the

consumer is rational and desires to maximize utility) it
is assumed that:

V(N, P, Y_(Ix*N)) > V(O

"z' Y),

(39)

* N) is the cost to recreate per season.

where

Thus,

the estimation of:

(y_p5*N - F*N))

V(N,

V(O,

Y),

(40)

or the probability of,

V(N, P, (_Ps*N - F*N)) > V(O,

z' Y),

(41)

is desired.

The above description of a consumer's willingness-to-

pay value can take many mathematical forms.

The linear

representation of equation (41) is:

B0 +BN+BP
+B(Y(p*N_F*N))
2z
1
3
S

B +BO+BP
2z +BY+U
3
2
0

<

(42)

1

where U1 and U2 are error terms and are assumed to be
constant.

Calculating an individual's willingness-to-pay
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requires estimating the difference in the two utility
functions where a fee is implemented and no trips are
taken, as shown below:

B0 + B1N + B2P

+ B3(Y

(P

* N-F * N)) (43)

+ B 0 + B P

(B

2z

1

0

+ B Y),
3

which equals:

BN+BY_BP*N_BF*N_BY,
1
3s
3
3
3

(44)

reducing to:

B N + B (- P
1

3

s

* N - F * N).

(45)

This demonstrates that a measure of a consumer's
maximum willingness-to-pay is a function of the number of

trips taken and the total cost of recreating at the site
per season.

Income, along with the prices of other goods

and services, drops out of the equation.

An implicit assumption in recreational consumer de-

mand theory is that income does play a role in a consumer's utility function. Thus, a functional form needs

to be developed by which income and all other factors
explanatory of an individual's utility are present in the
final utility function.

Drawing on prior empirical work

(Sellar et al., and Boyle and Bishop) one such suggested
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form is the log-linear
(43)

(semi-log)

model.2'

Equation

is expressed as:

Bo + B1N + B21nP

+ B3(lflY - P*N - F*N)
(46)

- (B
+B0+BlnP
+BlnY),
2
z
3
0
1
which equals:
Y

Pz

+ B31n

B1N + B2ln

* N + F * N)

(

(47)

Y

z

reducing to:
* N - F * N

B1N+B31n [1-

(48a)

y

Other models, such as:

BN
0
B

B1

B2

83

Y

P

Be81N

(Cobb-Douglas),

(48b)

(Exponential),

(48c)

z

B2Pz

or

B0 + B1N

1

+ B2

p2

+ B3Y

(Quadratic),

(48d)

also could be used.
21 Variable B1N cannot be transformed to B1lnN since the
ln of 0 is undefined.
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In applying the logit model in the present study, the

functional form of the explanatory variables will be
represented as:

1

-(B
1+e

where p

0

(49)

+ B11nq1 + B21nP1 + B31nz1)

are the prices,

are the number of trips, and

are all the other explanatory variables.

This func-

tional form adheres to the assumptions of a positive
E(WTP) value, a negative sloping demand schedule, the
necessity

for the inclusion of all explanatory vari-

ables, and the quasi-concavity of the demand schedule.

The logit model approach to contingent valuation is
used to estimate the benefits associated with the use of

public lands (the Mt. Hood National Forest) for crosscountry skiing.

These benefits are derived from the

willingness-to-pay values solicited from a sample of the

cross-country skiing population. As described earlier,
the mean willingness-to-pay value is calculated by integrating the area under the logit function (Figure 6).

By

evaluating the logit function at the mean value, the mean

willingness-to-pay to cross-country ski on the Mt. hood
study sites, measured on a per day basis, is estimated.
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CHAPTER

V

SOURCES OF DATA

Data were collected from cross-country skiers
visiting the Mt. Hood National Forest during the 1984-85
ski season. Information obtained from the skiers was used

to implement the travel and direct valuation models.
Reviewed in this chapter are: (1) the procedure used to

estimate the total number of cross-country skiers who
used the study sites during the 1984-85 ski season; (2)

the sampling design;

(3) the sampling frame;

(4) the

interviewing procedures; (5) questionnaire design; and
(6) the total population estimates for each travel cost
zone.

t.i-I.j'ii

Users of Surveyed Sites

The study sites for the cross-country skiing study,
(1) Government Camp,

as shown in Figure 1, included:

(2)

Timberline Lodge, (3) Trillium Lake, (4) Frog Lake, (5)

Barlow Pass,

(6) White River Canyon, and (7) Mt. Hood

Meadows. Cars, located in parking areas adjacent to these

independently

cross-country

skiing

sites,

were

counted by the

author

and

the Forest Service)"

by

Interviews were conducted with the permission of and
in cooperation with the U.S. Forest Service as documented

by a letter to Keith A. Lampi from Charles Smay, District Ranger, Zigzag Ranger District, Mt. Hood National
Forest Service, USDA Forest Service, dated November 15,
1984.
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Estimates of the number of cars per parking lot were
obtained on the following dates: December 21; January 11,

12, 19, 26, and 27; February 2, 3, 4, 9, 11, 16, and 23;

and March 2,

8,

and 9.

The Forest Service obtained

estimates of the number of cars per parking lot on the
following dates: December 1, 2, 8, 15, 22, 29, and 30;
January 5, 6, 12, 19, 20,

and 26; February 2, 3, 10, 16,

23, and 25; and March 2, 7, 9, 11, 16, and 17.

On the dates the author's and the

Forest Service's

car counts coincided, the separate estimates were fairly
close.

Neither showed a tendency to be higher or lower

than the other. The average Forest Service car count was
287 while the author's average count was 313. The higher

of the two car counts was used in the final analysis of
the total number of cross-country skiers. The two sets of
car

counts, by site and date, are reproduced in Table 1.

The corresponding

number of cars observed and estimated

per day at each of the study sites is given in Table 2.

Of the 16 full weekends (Saturday and Sunday) that

fall between December 1 and March 17, car counts were
conducted on eight full weekends. From these observations

it was concluded that Saturday was the most heavily used
day with the car count on Sunday being 86 percent that of

Saturday.

On the remaining eight weekends either

Saturday or Sunday car counts were conducted.

The third busiest day was Friday.

Car counts were

made on five different Fridays when car counts also were
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Table 1. Observed Car Count at Selected Cross-Country Skiing Sites on the Mt.
Hood National Forest and During the 1984-85 Skiing SeaBon.

Frog
Date Lake

Mt. Hood
Meadows

Barlow
Pass

White
River
Canyon

GovernTrillium ment
Lake
Camp

Timberline
Lodge

Other
(Tilly Jane,
Pocket
Creek)

12/1

x/

50/

24/

103/

84/

78/

73/

12/2

X/

50/

43/

120/

123/

56/

71/

12/8

16/

73/

34/

111/

73/

96/

55/

12/15 19/

36/

18/

83/

65/

64/

12/21

/3

/6

/2

/24

/18

/x

21/

14/

23/

80/

/x
x/

41/

2/

42/

6/

12/28 27/

40/

24/

63/

160/

90/

70/

12/30 37/

63/

26/

73/

122/

140/

82/

1/5

20/

69/

10/

126/

205/

125/

109/

1/6

20/

60/

12/

120/

163/

123/

46/

12/22

1/11

/8

/21

/6

/60

/39

/x

/20

1/12

18/25 57/95

28/25

207/260

163/270

85/190

X/60

106/X

1/19

30/25 124/80

15/12

223/235

269/240 107/110

x/40

108/X

1/20

28/

23/

200/

128/

48/

X/

38/

1/26

23/11 32/65

92/205

237/220

74/60

X/30

73/X

/100

/122

/41

/34

/X

1/27

/5

100/

/50

7/6

/12

2/1

15/

X/

2/2

17/6

12/65

18/8

X/17 48/25

32/5

2/3

2/4

/x

/13

2/9

/4

/68

2/10

20/

2/16

21/22 33/101

36/

26/

233/

67/

x/

80/130

148/150

70/65

x/40

83/X

83/85

174/140 119/50

x/39

28/X

x/

/23

/15

/13

/101

/x
/154

30/

107/

169/

20/30

190/197

209/147

/102

/41

100/
71/106

48/

x/59

75/X
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Table 1. Observed Car Count at Selected Cross-Country Skiing Sites on the Mt.
flood National Forest and During the 1984-85 Skiing Season (continued).

Frog
Date Lake
2/23
2/25
3/2
3/7

3/8

Mt. flood

Meadows

27/17 77/75
x/

19/

37/11 47/79
9/

/X

5/
/8

Barlow
Pass
16/24

7/
21/25
5/

White
River
Canyon
144/136
23/
59/237
11/

GovernTrillium ment
Lake
Camp
201/110 104/61
18/

273/165
18/

/0

/21

/18

8/18

17/158

35/115

72/X

17/

x/

14/

63/99

X/27

49/

22/

X/

16/

3/11

12/

14/

3/

6/

4/

9/

3/16

12/

10/

8/

51/

89/

3/17

8/

0/

16/

39/

55/

= Forest Service
- Survey
= No observation was made

/x

/23

3/9

4/

Other
(Tilly Jane,
Pocket
Creek)

X/29

10/11 10/86

/4
X

Timberline
Lodge

47/65

/5

X/19

18/x

X

24/

40/

X/

29/

27/

X/

16/
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2.

Table

Aggregate Car Counts at Selected Mt. Hood National Forest Cross-Country
Skiing Sites for 1984-85.

December
Sat. 1
Sun. 2

Tu.

3
4

W.

5

Tb.

6

F.

7

N.

Sat. 8
SUn. 9
N.

10

Tu.

11
12
13
14

W.

Tb.

P.

Sat. 15

Sun. 16

N.

Tu.
W.

Tb.
F.

17
18
19
20
21

Sat. 22
Sun. 23

431(f)
477(f)

Sat. 5
Sun. 6

<40>

N.

W.

Tb.

<71>

N.

11

Tu.

9

W.

Tb.

12
13
14

F.

15

10

154(s)

457(f)

Sat. 12

<393>

Sun. 13 <889>

<43>

N.

Tu.
w.

Tb.

11

1034(f/s)

N.

Tu.
W.

16
17

Tb.

355(f)

Sat. 19

<305>

Sun. 20 622(f)

<33>

N.

W.

Tb.

53(8)

F.

245(f)

Sat.
Sun.

29
30

475(f)
546(f)

N.

31

<60>

N.

W.

Tb.

941(f/s)

23

W.

Tb.

28
29
30
31

714(f/s)
611(f/s)
<66>

P.

112(s)

828(f/s)

<712>
<77>

F.

Sat. 2
Sun. 3

578(f/s)
573(f/s)

Sat. 9

31(f)
81(s)
490(f)

41(s)

N.

70(f)

1

Tb.

4

Tu.

5

'Pu.

W.

2

W.

6

W.

'Ph.

3

Tb.
F.

7

8

survey

69(s)

(f) -

7
8

Sun. 10 <421>

N.

Cs) -

4
5
6

N.

1

< > - estimates

1

Tu.

Tu.

<101>

75(f)

<92>

F.

January

4

641(f/s)

March

N.

Februrary

F.

25
26
27
28

Sat. 2
Sun. 3

<82>

799(f/s)

Sun. 24 <551>
Tu.

24
25 <106>

<119>

18 <74>
19
20
21
22 <95>

Sat. 23
N.

Sun. 27
Tu.

F.

21 <78>
22

Sat. 26

<211>

Tb.
P.

18 <125>

54(B)

Sun. 17 <687>

15

P.

Tu.

Sat. 16

14 <96>

<53>

575(f/s)

Sun. 10 515(f)

8

7

F.

<23>

W.

Sat. 9

<68>

24
25
26
27
28

N.

Tu.

Tu.

664(f)
599(f)

Tb.

11
12
13
14

15 <33>

F.

Forest Service

16 242(f)
Sun. 17 165(f)
Sat.

made on the following Saturday and Sunday. The number of
cars observed on Fridays was approximately eight percent

of the sum of that on Saturday and Sunday.

Cars were

counted on three Mondays during this time period.
these counts it could be deduced that

From

approximately five

percent of the weekend's population skied on Mondays.
Extrapolating these percentages to days when car counts
were not conducted, a total of 20,166 cars were estimated

to have transported skiers to the observed sites on all

of the Saturdays, Sundays, Mondays and Fridays between

December 1, 1984, and March 17, 1985.

Of this total

estimate, 10,179 cars actually were counted.

Observa-

tions were obtained for a single Tuesday, Wednesday, and

Thursday through the skiing season.

From these data it

was concluded that three percent of the weekend population ski on

Thursday, one percent ski on Wednesday, and

one percent ski on

Tuesday resulting in a total of

21,174 cars for the December-March cross-country skiing
season as a whole.

On average, 3.4 people rode in each car. Multiplying

this average by the estimated number of cars suggests
that a total of 71,992

cross-country skiers recreated on

the Mt. Hood study sites between December 1, 1984, and
March 17, 1985.

The purpose of the sampling scheme employed in the

109

cross-country skiing study was to obtain a random sample
of recreation users throughout the winter skiing season.
Cross-country skiing is dependent on snow, and the skiing

season can fluctuate between the months of November and
May. The 1984-85 season began December 21 and concluded
April 14.

The first step in implementing the sampling scheme
was to select a random sample of skiing days. This was
accomplished by partitioning days in the week according
to use and then

selecting

specific sampling dates at

random.2' Based on discussions with Forest Service employees, before the study was conducted, it was assumed

that 45 percent of the cross-country skiing population
skied on Saturday, 35 percent on Sunday, ten percent on
Friday, and ten percent on Monday through Thursday. This

assumption proved to be fairly close to the observed
1984-85 use pattern.

As calculated from the data pro-

vided in Table 2, 46 percent of the cross-country skiing

population skied on Saturdays, 39 percent Sunday, seven
percent Friday, four percent Monday, and four percent on

Tuesday through Thursday.

As shown in Table 3,

the

actual number who skiied on the heaviest days (Friday,
Saturday, Sunday, and Monday) were close to the population estimates.

2.!

The unit time measure of cross-country skiing was a
day trip.
In other words, for the purpose of
this
study, a cross-country skiing activity was not measured in hours or multiple days.
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Number and Percentage Distribution of Respondents by Site and Day over the 1984-85 CrossCountry Skiing Season.

Table 3.

Number of SkierW

Percent by Day
Trailhead

Fri.

Sat. Sun.

1

12

38

37

13

55

48

43

2

9

53

35

3

58

53

49

3

12

43

40

5

58

55

52

4

15

35

44

6

54

49

46

5

11

49

31

9

35

34

32

6

6

52

42

0

31

31

28

7

6

53

41

0

34

27

23

45%

38%

6%

325

297

TOTAL
aj

11%

Mon.

Contacted Agreed Completed

273

The three columns represent the number of skiers contacted at each site; the number of contacted skiers
who agreed to be interviewed; and the number of those
who agreed for when interviews ultimately were completed, respectively.
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Seven trailheads, as identified in Figure 1, were
chosen as study sites.V

Rather than using population

estimates for each trailhead, a sample size was arbi-

trarily preassigned for each study site

based on the

parking capacity at each site.4" The parking capacity at
the more developed cross-country skiing areas is greater

than that at the undeveloped sites. In
from the individual sites

order to sample

proportionate to their use, a

sample size parking capacity of 51 was preassigned for
the developed (larger) areas and 31 for the undeveloped

(smaller) areas.'

The Government Camp, Trillium Lake,

White River Canyon, and Mt. Hood Meadows study sites were
considered

to

be

the

larger sites

and the Timberline

Lodge, Barlow Pass, and Frog Lake study sites were the
smaller areas.

V

Originally, each site was considered a stratum.

However, there was no effect of stratification on demand
estimates. This may be explained, in part, by the fact
that the average respondent skiied at 5.31 (75 percent)
of the seven study sites during the 1984/1985 season.

Thus, the data pooled from the sample ultimatelywere
used to estimate the desired functional relationships.

Since data for specific variables needed to produce
variance estimates were not available for the Mt. Hood
National Forest study sites, sample size estimates for

the present study were based on estimated traffic
volumes, the results from a pretest of the questionnaire,
and the judgment of the research personnel involved.

The Timberline Lodge

study site has a parking

capacity much greater than the other undeveloped sites,
but competition exists for parking space with downhill
skiers which limits accessibility.
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Contacts were made on each sampling day during a
nine hour period starting at 8:00 a.m., and the inter-

viewer would move from site to site as the day progressed. However, limited

time was available to the

single on-site interviewer. In the interest of random
sampling, the time of day when initial contacts were made

at the study sites on Mt. Hood was randomly altered by
For example, if on

changing the initial contact site.

the previous survey day study site (1) was used to begin

surveying, site (2) was used to start the current day's
survey; site (3) would be selected for initial contacts
on the following week, and so forth.

The initial on-site interview entailed a purposeful

selection of cross-country skiers. Each cross-country
skier was approached at his or her vehicle by an interviewer, who introduced himself as a student from Oregon

State University involved in a research project concerning the use of public lands for cross-country skiing.

The interviewer asked if the skier

would be willing to

participate in a 15 minute telephone survey.

If the

skier agreed, a name, telephone number, and a convenient

time and day to call were obtained.

Respondents were

informed that participation was voluntary and that all
responses would be kept confidential.

with 325 people.

Contact was made

Only 28 refused to be interviewed.

Seven declined to participate in the survey because it

was their first time skiing, four were out-of-state
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visitors, and 17 objected to the survey itself.

The procedure for contacting users,

referred to as

the parking 1t stake-out, consisted of systematically
picking cars at trailheads. Systematic sampling refers to

the drawing of a sample by selecting a person/car at the

beginning of the skiing day and then selecting other
individuals at a specified interval. It is assumed that
data collected from recreators are not dependent upon the

order in which they arrive at the cross-country skiing
site. Therefore, units within the systematic sample are
heterogeneous; and periodicity is not a prob1em.1

use rate information from the previous season

Prior

and

parking lot size were used to approximate the number of

cross-country skiers that would be using a specific
site.2-/

This precalculation was divided by the desired

sample size and used as the systematic interval.

This

technique was adapted to the time of day the interviewer
arrived at the site.

See Scheaffer, Mendenhall, and Ott (1979), pp. 20-23,

and 173-191, for further discussion on systematic
sampling.

2/ No actual figures on past use were obtained from the
Forest Service, but general estimates were discussed with
the Mt.Hood District Office. These estimates concurred
with this author's perceptions of use rates at the study
sites.
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The first person contacted at the vehicle was used as

the interviewee.

The majority of vehicles contained a

male and female with or without a family.

If the female

was approached first, the male and others in the vehicle

often joined in the introductory conversation.

Many

times the male would volunteer to participate in the
interview.

His name and others who desired to partici-

pate were accepted; but they were not subsequently interviewd.

Rather, only the original

interviewed.

person

contacted was

Occasionally both male and female (who

lived in the same household) had to be interviewed over

the phone, but only the data from the original contact
were used in the analysis.

The telephone questionnaire reproduced in Appendix A

was the primary survey instrument used to obtain socioeconomic data on cross-country skiers.

The questionnaire

was composed of five parts reflecting the needs of the
study.

The first part established specific recreational

activities and identified user sites. Part two was de-

signed to identify the recreational setting and other
attributes favored by recreationists.

Part three was

designed to obtain information concerning costs incurred

in cross-country skiing.

The major components of these

expenses were travel to and from the site and ski equip-

ment.

Part four elicited willingness-to-pay for
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cross-country skiing.

A take-it-or-leave-it offer was

used, followed by an open-ended question and a bidding
game format.

Emphasis was placed on the take-it-or-

leave-it question wherein fees were randomly selected
from a predetermined cumulative

distribution function

(see Appendix B for a more detailed discussion of this

function).'

In part five, questions were included to

obtain socio-demographic information for the Mt. Hood
cross-country skiers.

Cross-country skiers were asked

about their family status, with whom they skied,

source

of employment, level of education, age, sex, and level of
income.

Each of the telephone interviews lasted between ten
and 20 minutes.
corded as

Partially completed surveys were re-

nonresponse.

From the initial trailbead con-

tacts, 297 names and telephone numbers were collected.
Of these, 273 surveys were completed.

The 24 individuals

not contacted were the result of a wrong telephone
A cumulative distribution function specifies the
cumulative probabilities of an event occuring. Cumulative
probability is an expression that gives the probability

that agivenvalue of X or any smaller value, Y, will
Cumulative distribution gives the probability

occur.

that the random variable (i) is equal to or less than a
particular value Cd). The random variable in this study

was the offer used in the closed-ended contingent
The probability of X or a
willingness-to-pay question.
lesser value being rejected can be written as:
C(d,i) C(K-d, N-i)

F(x) =

C(K,N)

where K values exist of which d will be rejected in a
sample size of N, and C(a,b) equals a!/(b!(a-b)!).
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number, disconnected phone, or no answer.V

The high response

rate of 91.6 percent can be credited, at least in part,

to extensive follow-ups to "no answer" or "not home"
responses to

initial inquiries.1"

Mt. Hood, located approximately 60 miles east of
Portland, is the

highest peak in the

Mt.Hood National

Forest and in the Cascade Mountains in Oregon.
its proximity to Portland, it was assumed

Due to

that cross-

country skiing on Mt. Hood is done mostly by people from

the Pacific Northwest -- specifically from the greater

Portland-Vancouver area.

At the outset of the present

study it was believed that the use of the aggregate zonal

TCM would be difficult to apply since the pretest indicated that the majority of users would come from a single
zone.

However, it was apparent from the results of the

273 completed interviews that the user population
traveled not from a single zone but rather from ten major
population areas.

These ten zones, as seen in Figure 7, all
of Mt. Hood.

are west

The first zone, located 20 miles from the

recreating sites, includes

Government Camp,

Wenuue, Zigg

Nonresponse due to death.

The response rate referred to here is completed
interviews as a percent of initial contacts who agreed to
be interviewed.
Relative to total initial contacts, the
completed interview response rate was 84 percent.

117

Figure 7.

Representation of the 10 Population Zones for
the Travel Cost Method.
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Zagg, Rhododendron, Brightwood and other surrounding
communities.

Continuing

along Highway 26 until reaching

Gresham, the second and third zones are at 15 mile intervals from the sites.

At this point the main roads acces-

sible to the Portland area are Interstate 5 and Interstate 84.

Zones 4, 5, 6, and 7 also are 15 mile inter-

vals from the study sites,

Zones 8 and 9, as established

by major population centers, have zonal intervals of 20
miles.

The last zone contains the observations outside

of these first nine zones. In Table 4 are

indicated the

zone; major city centers per zone; total city population

per zone; total population estimates per zone for the
unincorporated counties; total population per zone; num-

ber of observations per zone; and the interval of miles
per zone from the study sites.

Population estimates for each zone were based on
census data provided by the Center For Population Research and Census at Portland State University.

Popula-

tion estimates for each Washington zone were derived from

census data collected by the State of Washington Office
of Financial Management.

The census data for both states

provide population estimates for each county and for each
incorporated city in each county.

Subtracting the aggre-

gate of the incorporated city populations per county from
the total county population gave the unincorporated population per county.

In Table 4, total incorporated population per zone
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Table 4.

Model Population Estimates Used in Implementing the Aggregate Zonal
Travel Cost Model.

Z

0
N

Population
Incorporated
City

Total
City
Population

Unincorporated
County
Population

Total
Population

Observation

Miles

E

1

Gov't Camp (450)
Rhododendron (400)
Brightwood (300)

1400

631

2031

4

20

3785

1852

5637

5

35

60,720

21

50

562,580

158

65

252,451

33

80

Wenune (250)

2

3

4

5

Rivergrove (320)
Sandy (3465)
Estacada (1665)
Fairview (1780)
Gresham (34,340)
Maywood Park (820)
Troutdale (6640)
Wood village (2465)

Clackamas
47,710

914

Multnomah
12,096

Portland (365,000)
Gladstone (9445)
Happy Valley (1480)
Johnson City (375)
Lake Oswego (22,715)
Milvaukie (17,350)
Oregon City (14,280)

430,645

Canby (7600)
West Linn (11,360)
Wilsonville (3320)
Beaverton (33,050)
Cornelius (4910)
Durham (680)
Billsboro (29,650)
King City (1800)
Sherwood (2520)
Tigard (18,200)
Tualatin (9750)
Vancouver (72,905)

122,840

Clackamas
36,050
Multnomah
95,885

Washington
44,470
12,236
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Table 4.

Model Population Estimates Used in Implementing the Aggregate Zonal
Travel Cost Model (continued).

Z

0
N

Population
Incorporated
City

Total
City
Population

Unincorporated
County
Population

Total
Population

Observation

Miles

E

Banks (495)
Forest Grove (11,500)
Gaston (525)
6

NorthPlains (750)

Clackamas
1,661

146,077

Molalla (3025)
St. Helens (7190)
Scappoose (3270)

Columbia
5,758
Washington
7,401

160,896

lB

95

239,099

17

110

57,326

6

125

N. Vancouver

Hazel Dell, Battle
Ground, N. Clarke
County (119322)
Yamhill Co. (56,200)
Rainer (1590)
Vernonia (1750)

7

Aurneville (1435)
Aurora (510)
Gervais (790)
Hubbard (1760)

195,775

Jefferson (1710)
Keizer (19,650)
Mt. Angel (2900)
St. Paul (310)
Salem (90,720)
Silverton (5180)
Woodburn (11,270)

8

Stayton (4615)
Sublimity (1230)
Turner (1120)
Clatekanie (1600)
Columbia City (710)
Prescott (70)
Polk County (44,550)

53,895

Columbia
1,839
Marion
41,485

Columbia
1,310
Marion
2,121

9

Benton Co. (96,800)
Linn Co. (89,350)

157,450

7

140

10

Lane Co. (267,900)
Lincoln Co. (36,750)

304,650

4

160
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was calculated by summing the populations of each city in

their respective zones.

The unincorporated population

per county for a specific zone was estimated by calcu-

lating the percent of the incorporated population per

county that may lie in a zone, and multiplying this
figure by the total unincorporated population estimate as
follows:

Unincorporated
population per
=
county for zone I

Incorporated pop. per
county for zone I N
Incorporated pop. per
county

Unincorp.
* population
per county.

Therefore, the unicorporated population estimates per
zone were calculated for each county that may lie in a
zone and then summed.

The estimated visits for each zone

per 100,000

people during the 1984-1985 cross-country skiing season

on Mt. Hood appear in Table 5.

These estimates are

obtained by dividing, for each zone, the number of cross-

country skiiers

who participated in the survey by the

population per zone, and multiplying this figure by
100,000:

(Number of survey participants per zone)
(Population per zone)

Figure 8

*

(100,000).

is a graph representing the linear rela-

tionship between distance traveled and the number of
visits per 100,000 people for each zone. By visual obser-
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Table 5.

Zone

Zonal Aggregate Travel Cost Model Regression
Estimates.

Distance

Observed Visits per
capita * 100,000

Average
Income

1

20

197

35.25

2

35

89

28.00

3

50

35

28.00

4

65

28

30.80

5

80

13

34.30

6

95

1].

30.80

7

110

7

26.70

8

125

5

28.30

9

140

4

33.00

29.00
1
160
********************************************************
Estimated Visits per
* of Person Trips1
Zone
capita per 100,000
Estimated per Zone
10

1

1055

51900

2

1319

23400

3

5538

9100

4

41666

7400

5

8702

3400

6

4747

3000

7

4483

2700

8

1582

2300

9

1840

1100

10

1055

400

Based on 7].,992cross-country skiiers for the 1984-1985
season.
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200
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a,

a,
a,

0
0
0
0
0
a,

0
a,
a.
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180
170
160
150
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110
100
90

80
70
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50
40
30
20
10
0
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80
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160

200

240

280

320

Distance

Figure 8.

Linear Relationship Between Trips per 100,000
Residents and Travel Distance (miles) to CrossCountry Skiing Sites.
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vation,

it is apparent that there exists a negative

relationship between

trips per 100,000 residents and

distance. In other words, trips per capita from each zone

decrease as travel distance to the recreating site increases.

The survey instrument used in the present study soli-

cited both endogenous and exogenous cross-country skiing

costs. Expenses such as food, clothes, skies, and other

discretionary costs were excluded from the price variable. Thus, the price variable was those costs directly

associated with transportation and lodging incurred in
cross-country skiing.

Eight respondents claimed they

stayed near or on Mt. Hood after they had cross-country
skied.

All eight stated they lodged on Mt. Hood for

reasons other than to specifically cross-country ski,
e.g., the respondent owned a recreation home on Mt. Hood.

Respondents had a difficult time providing an answer

for the amount paid in transportation to and from the
study site.

One hundred sixty-two of the 273 completed

surveys did not provide an exact estimate of their trans-

portation expenses.

Generally, the 162 "not sure" re-

spondents stated their cost is what they paid for gasoline.

The remaining 111 respondents gave an estimate

that averaged

$0.0519 per mile trip.

Using an average

of $1.25 per gallon for 1984-1985 and 20 miles per gal-
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ion, an average transportation cost of $0.0625 per mile
was calculated.

The per mile gasoline expense plus the

per mile oil and general maintenance expense of
$O.0475" resulted in the estimated travel cost variable
variable of $0.11 per mile.

The $0.0475 figure is based on estimates for compact
cars provided by the US Highway Department. The original
figure is $0.046 based on 1984 data. Using an inflation
rate of three percent the 1985 cost per mile is $0.0475.
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CHAPTER VI

TRAVEL COST AND CONTINGENT VALUATION MODEL RESULTS

Travel cost demand models were statistically estimated with ordinary least squares regression (OLS).

OLS

is a technique for estimating a regression equation that
describes

the dependence of one variable on one or more

other variables (Gujarati 1978).

Several estimation

programs often are encountered when cross-sectional data

are used to estimate OLS model parameters.

For example,

multicollinearity and/or heteroskedasticity may occur.
It was expected that both multicollinearity and heteroskedasticity could be a problem in the estimated travel
cost models, and both potential problems were considered
in the statistical analysis.

Broadly interpreted, multicollinearity refers to the

situation where either an exact or approximately exact

linear relationship exists among two or more of the
explanatory variables in a regression equation.

If per-

fect multicollinearity exists, estimations of the regres-

sion coefficients are impossible and their standard
errors are infinite.

If collinearities among the explan-

atory variables are high but not perfect, the regression

coefficients still may be obtained but their standard
errors will be high.

Many methods of detection of multi-

collinearity have been suggested (Judge et al., 1982).
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One simple method is to regress an explanatory variable
on all other explanatory variables (Gujarati,
181-183).

1978,

pp.

If the coefficient of determination (R2), a

summary measure describing how well the sample line fits
the data, is high, inulticollinearity can exist.

For the

aggregate zonal travel cost model income was regressed on

the price variable (average cost per trip to travel to
and from Mt. Hood).

The resulting R2 was .051 indicating

very little if any multicollinearity.

For the AIO and

UlO methods, distance was regressed on income and the
own/rent variable.

The corresponding R2S also were low.

Homoskedasticity implies that the variation in the
error term (u1), conditional on the chosen values of the

explanatory variables, is some constant equal to e2.
Heteroskedasticity, the violation of this assumption,
precludes the estimation of regression coefficients with

minimum variance.

Estimators are still unbiased and

consistent but are no longer efficient.

Detection of

heteroskedasticity can be analyzed in several ways. In
the present study, graphs of the error term (e12) were
plotted against Yj
line).

(the estimated Y1 from the regression

This technique is a rough

test to find out

whether the estimated mean value of Y is systematically

related to the squared residual (heteroskedastic error
term).

There was found to be no systematic pattern

between the two variables indicating the unlikelihood of
heteroskedasticity (Gujarati, pp. 200-202).
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In addition to compliance with OLS assumptions, the
estimated regression equations were examined with respect
to their statistical significance and theoretical consistency.

The t-test was used to evaluate the the extent to

which the individual independent variables explained the

observed variation in the dependent variable.

The F-

test, a measure of the overall significance of the esti-

mated regression, was used to test for the significance
of combined effect of the independent variables on ob-

served variation in the dependent variable.

The R2

statistic provided a measure of the "goodness of fit"

of

the estimated regression equations.

Theoretical consistency is important when evaluating

the estimated parameters of a statistical model.
Economic theory is a conceptual framework from which the
model is developed.

Therefore, specific variables should

be included in a demand function, and when the parameters

of those variables are estimated they should display a
particular sign.

For example, a demand function usually

contains a price variable which is expected to have a
negative

sign.

Problems exist if an estimated model,

while statistically significant, is theoretically inconsistent (e.g., individual parameter estimates are statistically significant but have the wrong sign).

Presented below are results obtained for each of the
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three estimated travel cost models:

the aggregate zonal

model; unadjusted individual observation model; and ad-

justed individual observation model.
three cases,

In each of these

a number of variations were evaluated.

These variations were distinguished on the basis of vari-

ables included in the regression equation and the functional form of the equation itself.

The aggregate zonal model, with visits per capita as
a function of travel costs and income, was statistically

estimated in several different mathematical forms.
results are given in Table 6.

The

The functional form of the

reported variations as presented in Table 6 are:

(1)

linear (the explanatory variable is distance); (2) linear

(the explanatory variables are distance and income);

(3)

linear-log (the explanatory variable is distance); (4)

semi-log (the explanatory variable is distance);

(5)

semi-log (the explanatory variables are distance and
income);

(6) double-log (the explanatory variable is

distance); and

(7) double-log (the explanatory variables

are distance and income).

The estimated equations explained from 57 percent
(linear-log) to 93 percent (semi-log) of the variation in

the quantity demanded (trips per capita) while with only
one exception

the F-value for each equation was signif i-

cant at the .001 level.

In all of the equations the
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Table 6.

Aggregate Zonal Travel Cost Model kegression Estimates (n-b).

Dependent
Variable!
Functional
Form

Explanatory
Variable

Coefficient

Equation 1
TPC
Linear

constant
Distance

-0.00039

Equation 2
TPC
Linear

constant
Distance

Equation 3
TPC
Linearlog

Equation 4
1nTC?
Semi-log

Equation 5
1nTPC
Semi-log

Equation 6
1nTCP
Double-log

0.09881

Standard
Error

0.02322
0.00012

T-

Statistic

4.2543
-3.2763

Ave. Income

-0.03769
-0.00036
0.00431

0.12086
0.00012
0.00375

-0.3118
-2.9988
1.1500

constant
in Distance

0.35405
-0.06460

0.05438
0.017081

6.5104
-5.9923

-6.0468
-10.5018

-

SEEL
SSR5'

Statistic

0.573
0,03277
0.00859

10.74

0.640
0.03214
0.00723

0.810
0.02141
0.00367

constant
Distance

-1.71921
-0.01518

0.28431
0.00145

constant
Distant
Ave. Income

-2.26030
-0.01506
0.01709

1.59973
0.00157
0.04961

-1.41292
-9.57710
0.34440

0.933
1.26655
0.42538

constant
L Distance

6.18798
-2.11369

1.07189
0.21249

5.7729
-9.9469

0.925
1.4246

6.22

34.11

0.932
1.28790 109.65
0.40125

48.74

87.67

0. 42288

Equation 7
1nTPC
Double-log

constant
in Distance
in Ave. Income

8.50412
-2.13994
-0.64054

6.01887
0.23448
1.63477

1.41291
-9.12602
-0.39182

0.927
1.39412
0.44621

44.45

SSR stands for sum of squared raiduals; while SEE stands for standard error of
estimate and equals (SSR/(N-k)1").
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coefficients for distance (the price variable) were nega-

tively related to trips per capita; and in each equation

the coefficient was highly significant. When income was

added as an explanatory variable, its sign was correct
for two of the three functional forms.

Income was not

very significant in any of the estimated equations with
the highest recorded t-value (1.1500) being significant
only at the .25 level.

It is interesting to note that as

income was added to the equations the significance of the

constant term decreased. By evaluating the t-values, F

values, and significance levels for individual coefficients in each of the seven equations in light of the
theoretical consistency of each set of results, the log-

linear equation (4) was chosen as best depicting the
aggregate zonal travel cost demand model.

It is important to note that for the aggregate zonal
travel cost model, only distance had a consistently sig-

nificant effect on trips made to cross-country ski. In-

come was kept in the model due only to its theoretical
importance and the correct sign of its estimated parameter.

No matter which additional explanatory variable

were included, only distance remained highly significant.11

Thus, it was suggested that

for the aggregate

Besides the seven equations reported here, other
equations were estimated incorporating additional explan-

atory variables. These included 0endogenous variable
costs, age and education level of respondent, number of
years cross-country skied, dummy variables representing
other recrational activities undertaken on Mt. Hood,
other
dummy variables
representing the (continued)
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zonal model, price (distance as a proxy for travel cost)
is by far the most important factor affecting trips made
to Mt. Hood to cross-country ski.

Estimates of benefits derived from the aggregate
zonal TCM are defined by the area

underneath the esti-

mated demand curve and above the price line. In this
case the price line coincides with the quantity axis.

We

begin with the demand model:
in TPC1 = a + b

where 1nTPC1 is the

D

+

(50)

natural log of trips taken per

capita from zone i to cross-country ski; D1 is the value

of the independent variable for zone i, in the present
case

distance;

tory variable;

error term.

(b1)

is the coefficient for the explana-

(a) is the intercept term; and (u1) is the

As Ziemer, Musser, and Hill (1980) point

out, the demand model represents zonal population be-

havior as price varies. Thus, we need to rewrite the
above demand relationship to include an added cost, such

as an entrance fee, so the equation for the estimated
TPC

can be rewritten as:

J continued
specific site valued by the respondent, etc. None of the
resulting t-tests revealed any of these additional variables to be significant, and results were theoretically
In all equations, only distance was coninconsistent.

sistently significant in both the statistical and the
theoretic senses.
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in TPCc

where TPCc1

= a + b(d + c) + Ui,

of TPC demanded with an

number

is the

(51)

added cost c. Subtracting equation

(50)

from (51) re-

suits in:

in TPC - 1nTPCc1

=

(52)

c.

b

which can be rearranged to equal:

b1c

TPCc

=

e

TPC1

(53)

As Ziemer et al. also explain, the determination of the
area under the demand curve requires estimating the level

of an added cost (c) at which no trips would be taken.
Since the maximum price can only be found for the last
trip (in other words trips are not divisible) the value
of c is found by setting TPCc1 = 1.

Thus,

b1c

1 = e

TPC.

(54)

Dividing both sides by TPCi and taking the anti-log(ln)
results in:

Cl = -in TPC/b1.

(55)

Consumer surplus is determined as the integral of the
demand curve with limits of zero and Cl:
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Cs

For the

ci

b1 TPC1
dc.

e

(56)

present study the consumer surplus estimate from

the aggregate zonal travel cost model are reported in
Table 6.

In Table 7, the estimated natural log of trips

per

capita (in TPC1) and trips per capita (TPC1) are calculated from equation 4 from Table

6, and one-way dis-

tance is obtained from Table 3 in Chapter V.

The values

of observed trips per capita (OBS TPC1), population per
zone (Capita), and income (mc), are reported in Table 7.
Associated consumer surplus estimates are reported in

Tables 8 and 9.

Both traditional Marshallian and Gum-

Martin variations of consumer surplus are reported.

The Marshallian per capita trip consumer surplus
estimate for the ski season in zone i is determined by
dividing TPC1 by the coefficient of the distance variable
(B).

Consumer surplus per season for each zone is calcu-

lated by multiplying the consumer surplus per capita by
the population of zone i.

Total benefits to the cross-

country users of the study sites is obtained by summing
the benefits across all zones.

in terms of round trip miles.

The surplus estimates are

Thus, multiplying the

distance consumer surplus per trip (calculated by
dividing the total distance consumer surplus by the total

number of trips -- 21,124) by the travel cost per mile
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Table 7.

Values Used to Derive Consumer Surplus Estimates for the Selected Aggregate Zonal Travel
Cost Model.

ZONE

1
2
3
4

5
6
7
8

9

10

in TPC1

TPC1

OBS
TPC1

Capita

Inc

-2.1746
-2.6300
-3.0854
-3.5408
-3.9962
-4.4516
-4.9070
-5.3624
-5.9696
-6.5768

0.1137
0.0721
0.0457
0.0290
0.0184
0.0117
0.0074
0.0047
0.0026
0.0014

0.1531
0.0688
0.0268
0.0224
0.0101
0.0082
0.0053
0.0041
0.0035
0.0009

2031
5637
60720
562580
252451
160897
239099
57326
157450
304650

35.3
28.2
28.2
30.8
34.3
30.8
26.7
28.3
33.0
29.0
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Table 8.

Marshallian Consumer Surplus Extimates Derived
from the Zonal TravelCost Model.

Miles per
ZONE

1
2
3
4
5
6
7
8
9

10

capita

Miles

Dollars

zone'

Dollars

per zone

per

7.4870
4.7482
3.0113
1.9097
1.2111
0.7681
0.4871
0.3089
0.1683
0.0917

15206
26765
182845
1074380
305754
123585
116471
17709
26503
27941

1673
2944
20113
118182
33633
13594
12812
1948
2915
3074

3012
4817
32912
200909
59851
23110
20586
3201

Total

1917164

$210888

$358602

per zonekl'

510].

5099

Per trip

90.76

$

9.98

$ 16.98

Individual

26.69

$

2.94

$

4.99

Travel cost is $0.11 a mile excluding the opportunity
cost of travel time.
Travel cost if $0.11 a mile plus the opportunity cost

of travel time calculated by one fourth of the
recreationistts hourly wage rate.
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Table 9. Gum-Martin Consumer Surplus Estimates Derived
from the Zonal Travel Cost Model.

Mi1es per
ZONE

1
2
3
4
5
6
7
8
9

10

cap1ta

Mi1es
per zone

Dollars

zone'

per

Dollars
per zonek!

10.09
4.53
1.77
1.48
0.67
0.54
0.35
0.27
0.23
0.06

20483
25548
107200
830157
167968
86914
83479
15483
36302
18062

2253
2810
11792
91317
18476
9561
9183
1793
3993
1987

4058
4599
19296
155239
32879
16252
14755
2799
6988
3296

Total

1391600

$1539076

$260163

Per Trip

65.73

Individual 19.36

$ 7.23

$12.29

$ 2.13

$ 3.61

Travel cost is $0.11 a mile excluding the opportunity
cost of travel time.
Travel cost if $0.11 a mile plus the opportunity cost

of travel time calculated by one fourth of the
recreationist's hourly wage rate.
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($0.11) results in the money measure of benefits per
trip.
is

The money measure consumer surplus per

individual

obtained by dividing the consumer surplus estimate

per trip by the average number of passengers per trip
(3.4).

The money measure consumer surplus estimate that

includes the opportunity cost of travel time is derived
by increasing the cost to travel per mile by one quarter
of the zonal average hourly wage rate divided by 50 miles
per hour (Average income /2000/4/50).
The Gum-Martin per capita consumer surplus values are

calculated by dividing the observed TPC

by B.

The Gum-

Martin consumer surplus per season per zone is calculated
by

multiplying the consumer surplus per capita by the

population of zone i. The money Gum-Martin consumer sur-

plus estimates that include travel cost and travel cost
plus the opportunity cost of travel time are calculated
in the same manner as the traditional consumer surplus.

The unadjusted individual observation (UlO) demand
model is similar to the aggregate zonal travel cost model

except TPC1 is replaced by Q1 (number of trips taken per
respondent) and an explanatory dummy variable O/R (own or

rent ski equipment) is included in the demand relation-

ship. The O/R variable is a psuedo-replacement for an

endogenous cost variable. In Table 10, several variations of this demand schedule are

presented.

The varia-

Table 10. Unadjusted Individual Observation Model Regression Estimates
(n=273).
Dependent
Variable!
Functional
Form

Explanatory
Variable

Coefficient

Standard
Error

R2
T-

Statistic

SSR/
SSE

FStatistic

Equation 1

Quantity
Linear

Constant
Distance

.066

12.9500
-.0247

.9063
.0057

14.2881
-4.3602

11397.2950
6.4851

Constant
Distance
Own/Rent

9.4632
-.0241
4.890

1.0255
0.0053
0.0053

9.2290
-4.5328
6.1011

10016.3300
6.0901

Constant
Distance

2.5868
-0.0039

0.0878
0.0005

29.4400
-7.1341

107.1251
0.6287

Constant
Distance
Own/Rent

2.1823
-0.00385
0.5673

0.0964
0.0005
0.0754

22.6392
-7.6967
7.5278

88.5422
.5726

Constant
Distance
Own/Rent
Income

2.1653
-0.00386
0.5639

0.1088
0.0005
0.0761

88.5044
0.5735

0.00064

19.9054
-7.6893
7.4079

0.0019

0.3392

19.01

Equation 2
Quantity
Linear

.18

29.63

Equation 3

in Quantity
Semi-log

.16

51.62

Equation 4
in Quantity
Semi-log

.30

57.86

Equation 5
in Quantity
Semi-log

.30

38.43

H
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tions forms include:
distance);

(1) linear (explanatory variable is

(2) linear (explanatory variables are distance

and the O/R variable); (3) semi-log (explanatory variable

is distance); (4) semi-log (explanatory variables are
distance and O/R); and (5) semi-log (explanatory variables are distance, O/R, and income).
In each of the equations the signs of the explanatory
variables distance (negative), O/R (positive), and income
(positive) were correct.

These variables (except income)

were highly significant at a .001 level.

As in the

aggregate zonal approach, the t-value for the income
variable was not significant at the .25 level. The R2
values in both the linear and semi-log equations signifi-

cantly increased as the O/R variable was added.V

Again,

the semi-log functional form was chosen as the best of
the estimated equations:

lnQ1

= a+bD+c1R/O+u1.

The general low R2

(57)

values as compared with the

aggregate zonal approach often are interpreted as indica-

tive of the vast and diverse types of information that
are required of a cross-sectional study. Other explanatory variables -- age, sex, education level, the intensity variable, taste and preferences, variable costs, and

other recreational activities -- all were included in
various specifications of the tJIO model but the statisti-

cal fit did not appreciably improve. However, it also
should be noted that the unadjusted individual observation model estimates something different than the aggregate zonal model: not demand, but rather the predicted
number of trips that an individual will take (Brown et
al., 1985).
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The benefit estimates derived

from this model (Table

10) are calculated in the same manner as in the zonal
TCM;

but these benefits are calculated for each
The

individual and averaged over the user population.

procedure used to calculate the individual consumer surplus is as follows:

(1) Using equation 4 from Table 10

along with the round trip distance traveled by the rec-

reationist and whether or not she owns or rents her
equipment, the estimated

are calculated.

individual

in TRIPS and TRIPS

(2) The distance consumer surplus per

season (Table 11) is derived by dividing the estimated

trips by the distance coefficient (TRIPS/B).

(3)

To

calculate the distance consumer surplus per trip the
distance consumer surplus per season is divided by the
actual number of trips taken (TRIPS/B)/TRIPS.

(4) The

individual distance consumer surplus is estimated by
dividing the trip distance consumer surplus by the aver-

age number of recreators per trip (3.4.).

(5)

Using

$0.11 per mile as the travel cost estimate, the traditional trip and individual consumer surpluses are estimated.

(6) The inclusion of the opportunity cost of

travel time is calculated in the same manner as the zonal

TCM for each individual.

(7) The distance Gum-Martin

consumer surplus per season is obtained by dividing the
observed trips by the distance coefficient (8) The distance Gum-Martin consumer surplus per trip is calculated

by dividing the distance consumer surplus per season by
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Table 11.

Alternative Consumer Surplus Estimates Derived

from the Unadjusted Individual Observation
Approach.

Consumer Surplus
Measure
Marshall Ian

Marshallian
Marshallian
Marshall Ian
Marshall ian
Marshall ian

Marshallian
Marshall ian

Marshallian
Gum-Martin
Gum-Martin
Gum-Martin
Gum-Martin
Gum-Martin
Gum-Martin
Gum-Martin
Gum-Martin
Gum-Martin

Unit

Value

6,433,473
303.73
89.36
Miles per indiidual
Dollars totala/
707,862
33.41
Dollars per trip'
9.83
Dollars per iqividual
Dollars totalW
1,206,589
56.97
Dollars per tripbl'
individualb
16.76
Dollars per

Total miles
Miles per trip

Total miles
Miles per trip

Miles per indiidual
Dollars totals'

Dollars
Dollars
Dollars
Dollars
Dollars

5,497,564
260
76

604,732

28.57
per trip'
8.4].
per icividual
totalW
1,030,205
48.64
per tripk/
14.31
per individualb

Travel cost is $0.11 a mile excluding the opportunity
cost of travel time.
Travel cost if $0.11 a mile plus the opportunity cost

of travel time calculated by one fourth of the
recreationist's hourly wage rate.
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the observed number of trips (TRIPS/B)/TRIPS.
distance

Thus, the

Gum-Martin consumer surplus per trip is

to the inverse of the distance coefficient.

equal

(9) The

monetary Gum-Martin consumer surplus per individual and
trip are calculated using $0.11 and the opportunity cost

of travel time as used in the Marshallian monetary measure of consumer surplus.

Brown et al.

(1983) maintained that if the dependent

variable is not adjusted on a per capita basis, a biased

estimate

of the travel cost coefficient would be ob-

tained because the procedure would not properly account

for the lower percentage of users who come from more
distant zones to participate in cross-country skiing.
They suggested suggest that to properly account for individuals who travel from different zones, each observation should be weighted reflecting that zone's participation rate. Each individual

observation (number of trips

taken to cross-country ski) would be divided by it's
share of the population and expressed as trips per capita
instead of trips only.

For example, in zone number 1 with a population of

2031, there are four individual observations.

If an

individual from this zone makes ten cross-country skiing
trips during 1984-85, quantity is multiplied by a blow up

factor (71,992/273), which

is the inverse of the
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sampling rate, and then divided by that share of the
respondant's zonal population (2031/4). In the

present

study the above procedure emphasized zones closer to the
study sites.

The relative magnitude of the weights can

be examined by referring to Table 4, Chapter V (observed
visits per capita * 100,000).
The

adjusted individual observation demand model for

cross-country skiing was estimated in the same manner as

the zonal and the unadjusted individual observation
models using OLS procedures. Several forms of this estimated demand schedule are listed in Table 12.

tional forms of the estimated equations are
(explanatory variable is distance);

tory variables are distance and a/R);

The func(1) linear

(2) linear (explana(3) semi-log (ex-

planatory variable is distance); and (4) semi-log (ex-

planatory variables are distance and O/R).

The income

variable in both linear and semi-log equations was insig-

nificant at the .25 level.

As in the zonal and UlO

approaches, the signs of the explanatory variables were
correct and highly significant at the .001 level. Again,

and as was the case with the other two approaches, the
semi-log

form best explained an individual's demand for

cross-country skiing. The dependent variable was adjusted
trips per observation, and the explanatory variables were

distanceand O/R (if the recreationist rents or owns his

equipment). The estimation of consumer surplus (tradi-

tional and Gum-Martin) (Table 13) adhered to the same

Table 12.

Dependent
Variable!
Functional
Form

Adjusted Individual Observation Model Regression Estimates (n273).

Explanatory
Variable

R2

Coefficient

Standard
Error

Statistic

SSR/
ESE

F-

Statistic

Model 1
*

rpc/

Linear

.15

Constant
Distance

1.5500
-.0056

0.1301
0.0008

11.907
-6.907

234.990
0.9312

Constant
Distance
Own/Rent

1.3617
-.00559
0.2554

0.1557
0.0008
0.1217

8.7781
-6.9116
2.097

231.227
0.9254

Constant
Distant

1.0881
-.0135

0.1015
0.0007

10.719
-21.209

142.931
0.7266

Constant
Distance
Own/Rent

0.7730
-.0134
0.4417

0.1176
0.0007
0.0919

6.5760
-21.9680
4.8052

131.677
0.6983

47.82

Model 2
ATPC/
Linear

.16

25.71

Model 3
1nATPC/

Semi-log

.62

442.15

Model 4
1nATPC/

Semi-log

.65

250.71

* Mjusted trips per capita.

H
Ui
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Table 13.

Alternative Consumer Surplus Estimates Derived

from the Adjusted Individual Observation
Model.

Consumer Surplus
Measure
Marshallian
Marshall ian

Marshallian
Marshallian
Marshallian
Marshall ian

Marshallian
Marshall ian

Marshallian
Gum-Martin
Gum-Martin
Gum-Martin
Gum-Martin
Gum-Martin
Gum-Martin
Gum-Martin
Gum-Martin
Gum-Martin

Unit

Total miles
Miles per trip
Miles per individual

Dollars
Dollars
Dollars
Dollars
Dollars
Dollars

tota1'
per tripe'
per iqividual
totalW
per tripbl
per individual

Total miles
Miles per trip
Miles per indi'cidual
Dollars totalal

Dollars per tripí'
Dollars per iqividua1
Dollars totalW
Dollars per tripk/
Dollars per individual

Value
1,961,369
92.64
27.27
215,750
10.19
3.00
361,866
17.09
5.03
1,580,158
74.64
21.91
173,817
8.2].

2.41
295,802
13.97
4.11

Travel cost is $0.11 a mile excluding the opportunity
cost of travel time.
Travel cost if $0.11 a mile plus the opportunity cost

of travel time calculated by one fourth of the
recreationist's hourly wage rate.
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procedure as in the individual observation approach.

Haneinann (1984) refined the conceptual and theoretical

arguments for using the take-it-or-leave-it technique to
estimate values.

Hanemann developed a utility theoretic

framework for specifying the logit equation and estimating values when the dichotomous choice technique is
used.

The functional forms suggested by Hanemann and

applied in this study that are consistent with utility
theory are as follows:

(linear) response (1,0) = B0 + B1offer
(58)

+ B2inc + B3X +
and

(logarithmic)response (1,0) = B0 + B1 in offer
(59)

+ B21n inc + B3 lnX + e
where X are other explanatory variables. The results of

the logarithmic specification of the logit model are
displayed in Table l2.' Three logarithmic equations that

differ with respect to explanatory variables are listed

in the table.

Only the log of the offer as an inde-

pendent variable is included in

V

the first equation.

The

The linear specification was applied but it did not
converge in 100 iterations suggesting rnisspecification of
the model.
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t-statistic is highly significant at the 99.9 percent

confidence level for the log offer and its sign is
theoretically correct.

Judge et al. (1982) describe how a test of the null

hypothesis Ho: B2 = 83
using

..

Bk = 0 can be carried out

the likelihood ratio procedure.

is tested by calculating -2[ln(w)
chi square (k-i)

-

This hypothesis

ln(L)] which has a

The natural log of "w"

distribution.'

is the maximum value of the log likelihood function under
the null hypothesis.

The natural log of

is the value

of the log-likelihood function evaluated to B0.

This

Thus, the null
hypothesis that all the coefficients are simultaneously
zero can be rejected at a 99 percent level of confidence.
value is -2[-124.553 - -143.77]

=

-38.43.

The explanatory variables in the second equation were

(1) natural log offer and (2) natural log income.

The

signs were theoretically correct for the two explanatory
variables.

The natural log offer was highly significant,

as in the previous model, but the significance of natural

log income could only be accepted between the 90 and 75

From Judge et al. (1982) in L) is equal to n ln(t)
(t-n) in ( t ), where n is the number of successfull
predictions and t is the total number of observations.
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percentile.

The test of the null hypothesis Ho: B1 = B2

= 0 was rejected at the 99 percent confidence level.

The

psuedo R2 was .l67.-"
The third equation was included to show that no other

variables except natural log offer and possibly natural

log income had a significant effect upon predicting an
individual's response to accepting or rejecting an entrance fee offer.

The consumer surplus estimate (compensating variation) for the take-it-or-leave-it technique was derived
for all three equations.

By evaluating the logit func-

tion at the mean value, the per day mean willingness-topay to cross-country ski on the Mt. Hood study sites for

the 1984-1985 season was estimated using Hanemann's
(1984) solution to the integral of the logit equation:

_B0/B1

c+ = Ce

)(u/B1) I (sin(ll/B1),

(60)

where c+ is mean willingness-to-pay; "e" is exponent
(2.7183);

11

is 3.141592; sin is the sine radian trigo-

metric function; B0 for the first equation is the inter-

cept coefficient; B0 for the second equation is B0 + Bx

The psuedo R2is defined as p =

in (L)
1-ln (w)

.154
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(ave log income); and

offer variable B1.

B1 is the coefficient of the log

For the first equation the mean

willingness-to-pay measure is $4.805; for

the second

equation it is $4.810; and for the third the estimated
value is $4.8l3.'

Using the first equation, the total

benefits accruing to the 71,992 recreatioriists on who

cross-country skiied on Mt. Hood was estimated to be
$346,282 for the 1984-1985 season.

It is interesting to note that Hanemann's solution is
If our function is inteintegrated from 0 to infinity.
grated from 0 to a maximum offer, let's say $60.00, the

mean willingness-to-pay is $4.76--only $0.05 less than
the solution integrated to infinity--implying little if
any problem with truncation.
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CHAPTER VII

RESULTS AND THEIR IMPLICATIONS
FOR FUTURE RESEARCH

The purpose of the research reported in this thesis

was to estimate the economic value of cross-country
skiing on public lands located on the Mt. Hood National
Forest.

Estimates for cross-country skiing were derived

using the indirect travel cost method and the direct
contingent valuation approach.

An additional purpose of

the research was to compare the net economic value esti-

mates obtained using the indirect and direct valuation
methods.

This comparison would provide a basis for ex-

ploring the policy implications of using the alternative
nonmarket valuation techniques.

The travel cost method estimates a visit participa-

tion function for a site or resource using incurred
travel costs (monetary) as a proxy for market price, and

the number of trips an individual makes to the public
site as a measure of quantity.

Actual observations of

individual trips, expenditures, and various characteris-

tics of the recreationist are used to develop a demand
function.

The contingent valuation method directly addresses an

individual's valuation of a noninarket good through a
hypothetical structured market.

The contingent valuation
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approach is based on the assumption that individuals are
capable of responding to questions so as to reveal their
preferences for public goods.

The application of contin-

gent valuation methods requires recreationists to state
their willingness-to-pay for access to a particular recreation site.

The application of the travel cost and contingent
valuation models involved the use of a questionnaire for

collection of (1) the appropriate travel cost data, and
(2) revealed willingness-to-pay values.

The implementa-

tion of the survey involved stratified random sampling.

Cross-country skiers on Mt. Hood were systematically
selected at specified study sites during the 1984/1985
season.

The contacts later were interviewed over the

telephone.

The primary data obtained through the inter-

views were used to estimate consumer benefits from crosscountry skiing on Mt. Hood.

The traditional and Gum-Martin consumer surplus esti-

mates for the three travel cost models are summarized in
Table 14.

Two price variables for all three travel cost

models are recorded.

The first price variable is $0.11,

which excludes the opportunity cost of travel time.

The

second price variable, identified by the subsript 't',
is $0.11 plus the opportunity cost of travel time (measured as

one-fourth of an individual's wage rate).

The
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Table 14.

Consumer Surplus Estimates for Cross-Country
Skiing on Mt. Hood during the 1984-1985 Season
Obtained Using the Three Travel Cost and Contingent Valuation Methods.
Total

Per Trip

Method of
Estimation

ZATC *

Consumer
Surplus

$2.94

Gum-Martin
Consumer
Surplus

Consumer
Surplus

GumMartin
Consumer
Surplus

$2.13

$211,656.

$153,342.

ZATCt**

$4.99

$4.11

$359,240.

$259,917.

AIO*

$3.00

$2.41

$215,976.

$173,500.

AIOt**

$5.03

$4.11

$362,119.

$295,887.

UIO*

$9.83

$8.41

$707,681.

$605,452.

$14.31

$1,206,586.

$1,030,206.

UIO*
CVM

$16.76
$4.81

$346,281.

* Price variable is $0.11 per mile.

** Price variable includes the opportunity cost of travel
time (one-fourth of the hourly wage rate).
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consumer surplus estimates

derived from the take-it-or-

leave-it contingent valuation technique also are recorded
in Table 14.

The aggregate zonal (ZATC), unadjusted individual
(tJIO),

and adjusted individual (AlO) approaches were

fitted by

ordinary least squares (OLS) to estimate three

demand functions.

These three demand schedules were used

to derive the consumers' surplus estimates for crosscountry skiing on the Mt. Hood National Forest for the

1984-1985 season.

The ZATCt (ZATC) and AlOt (AlO)

approaches provided virtually identical consumer surplus
estimates per individual trip of $4.99 ($2.94) and $5.03
($3.00),

respectively.

the UIO

Consumer surplus estimates using

(UlO) approach were much higher than those

obtained using the other two techniques -- $16.76 ($9.83)

per individual trip.

The UlO consumer surplus values

were approximately 3.3 times greater than the ZATC and
AlO estimates.

Results using the UlO approach appear to

be high when compared with the ZATC and the AlO
approaches.

The findings of other research endeavors in which the

ZATC, MO and UIO approaches have been incorporated in
deriving nonmarket values are consistent with the present

results.

Hsiao (1986) reported consumer surplus esti-

mates per fishing trip using the ZATC, AlO, and UlO
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approaches tobe $57.00,
tively.1'

$49.00 and $152.00,

respec-

The benefit estimates using the UlO approach

were approximately three times greater than those obtained using the ZATC and AlO approaches.

Another study

conducted by Shalloof and Brown valuing big game hunting
in Oregon also applied the ZATC,AIO, and UlO approaches.

The per trip consumer surplus estimates were $30.00,
$31.00, and $211.00, respectively.

Again the benefit

estimates using the UlO approach were much (approximately
seven times) greater than the ZATC and AlO estimates.

The results of the present

study, in conjunction

with the above-mentioned findings, do not encourage the
use of the UlO model.

If the participation rate is equal

among all zones, the 010 and AlO approaches are equivalent.

But as seen in Chapter V, there are great dif-

ferences among the participation rates of nearby and more

distant recreators.

The UXO approach neglects the dif-

ference in individual participation rates.

Thus, one

would expect an overestimate of consumers' surplususing
that travel cost technique.

The greater the difference

among zonal participation rates, the greater the overestimate of consumer surplus benefits. Thus, which of the

remaining two travel cost methods should be applied? It

would be extremely difficult to suggest which model --

The consumer surplus estimatesdo not include any
measure of the opportunity cost of travel time. The same
is true for the reported results by Shalloof and Brown
(1986).
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ZATC or AlO -- would produce the most accurate and reli-

able results since they yield virtually identical value
estimates.

Several additional issues associated with the estima-

tion of travel cost models benefits also must be
addressed.

These issues include substitute sites, the

opportunity cost of travel time, the price variable, and
the quantity variable.

The substitute site problems did not appear to be
significant

in the present study.

The majority of the

skiing population came from the greater PortlandVancouver area.

For these recreationists, substitute

sites are located in Eastern Oregon -- specifically the
Three Sisters, Mt. Jefferson Wilderness area.

The addi-

tional distance required to travel to these substitute
sites is approximately 320 miles.

Assuming that the Mt.

Hood and Three Sisters sites are perfect substitutes for

each other, an individual would be indifferent between

paying a $30.80

entrance fee on Mt. Hood and/or

traveling to the Three Sisters in Eastern Oregon to ski

with no entrance fee.V

Using the zonal travel cost

model (equation 4) if such an entrance fee were charged
only 0.00017 trips per capita from the greater Portland
area would be made.

Thus, the effect of substitute sites

21 The price variable used is $0.11 a mile and no opportunity cost of travel time is included.
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on the calculation of Mt. Hood site consumer benefits
would be minimal.

The issue of travel time was not adequately addressed
in the present study.

The survey results did establish

that travel time is an opportunity cost instead of a
benefit to the recreationist.

The question not answered

was the amount the skier would be willing-to-pay to avoid
the time taken to travel.

If a fraction (say one-fourth)

of the household wage rate were used, and assuming an
average travel speed of 50 miles per hour, the opportun-

ity cost of travel time per mile would be $O.076.

De-

pending on the selected fraction, benefit estiamtes would

increase substantially -- as indicated by the reported
consumer surplus estimates given in Table 14.

As established in Chapter III, the price variable

used in the TCM must consist of the nondiscretionary
recreation expenses. The procedure followed, and justifi-

cation for the $0.11 price variable as used in the present study is described in Chapter VI. It may be argued

that the general recreationist, in deciding whether or

not to cross-country ski on Mt. Hood, bases his/her
decision on the immediately observable travel costs -namely the expense or perceived expense of gasoline.

In

other words, along with gasoline expenses the recreationist may take into account none or any combination of

other travel expenses such as depreciation, insurance,

tires, oil, general maintenance, etc. The resulting
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transportation cost could lie anywhere between $0.0625
per mile as determined by the average price of gasoline

and $0.26 per mile as established by the Oregon State
Highway Department as the proper reimbursement rate for
operating a vehicle. Travel cost model benefit estimates

will vary greatly depending on the magnitude of the
transportation cost, or price, variable. In the present
study it was found that many recreationists

were unable

to accurately recall their travel cost expenses; however,

many did suggest that such costs consist of gasoline and
other observable travel expenses.

Hence,

the $0.11 per

mile estimate seemed to be an appropriate measure of
transportation costs.

As mentioned in Chapter V, no multiple recreational

activity trips were included in the sample. Surveyed
recreationists traveled to Mt. Hood for the primary pur-

pose of cross-country skiing. For example, no surveyed

skier whose residence was in Los Angeles was visiting
relatives in Portland. Since this was the case, the point

of departure and return could be assumed to be the
Portland area.

The zonal subpopulations estimated for

the ZATC were for the most part well defined. Unfortunately, only ten zones were established limiting the number of observations for the zonal concentric model.
The travel cost method has been the dominant indirect

approach in valuing nonmarket resources over the past 30

years. The major appeal of the method is that it avoids
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the dominant bias associated with the direct questioning

approach by eliminating the hypothetical market. The
travel cost method is based on individual actions instead

of stated intentions. Even though research (e.g., Bishop
et al. (1979) and Sel].ar et al.(1985)) may provide results establishing the comparability of contingent valua-

tion and market data, many economists and land managers

would rather defend and use results based on actual
behavior.

The dichotomous choice technique was chosen as the
contingent valuation method used to derive direct benefit

measures for cross-country skiing on Mt. Hood.

The mean

willingness-to-pay estimate was $4.81 per individual day
trip.

The mean willingness-to-pay can be described as

the average entrance fee above all other costs an indivi-

dual would pay to cross-country ski.
Several forms of bias may influence contingent valua-

tion estimates. These biases, all of which are relevant
to the current study, include interviewer bias,

instru-

ment bias, strategic bias, and hypothetical bias.
Interviewer bias was evaluated in various statistical

runs of the logit model that included a dummy variable
representing the two interviewers who conducted the tele-

phone interviews. In all runs, the interviewer dummy
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variable was not significant, indicating that the inter-

viewers had little if any effect on the recreationists'
responses.

Tests for instrument bias could have been conducted

by incorporating various payment vehicles in the ques-

tionnaire. For example, besides the hypothetical daily
entrance fee used in the present study, a yearly entrance

fee, increased property taxes, increased income taxes,
etc., could have been employed as payment vehicles. The

payment mechanism that actually was used (take-it-orleve-it offer) best represents

a true market situation.

Respondents had little or no difficulty comprehending the

means by which they would hypothetically pay to crosscountry ski.

Of those who did have difficulty, most of

whom were frequent users of the study sites, preference
for a yearly fee system was commonly expressed.
Strategic bias is an attempt to influence the outcome

of the survey by overstating one's own preferences or
distastes, hoping to thereby alter the mean outcome. The

logit technique questioning format is closed-ended; in

other words, it only allows the consumer a yes or no
response to a hypothetical offer.

Ten percent of the

offers were randomly chosen within the interval of twelve

and thirty dollars.
response.

These offers all received a no

The logit technique included a "follow-up"

open-ended question.

The highest response to the open-

ended question was ten dollars a day.

Thus, it seemed
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reasonable to conclude that no strategic bias problem
characterized the sample responses.

The main drawback to the contingent valuation method
is its hypothetical nature.

The obtained responses were

not firm enforceable offers, but rather reflected behavioral intentions.

Hypothetical bias may result from a

failure to invest the same effort in making a contingent

decision as would be made in making an actual market
decision.

One means to test for hypothetical bias would

be to establish a cross-country skiing market on Mt. Hood

with entrance to study sites restricted by a "toll
booth." In reality, however, such a degree of control
would be next to impossible to accomplish.

the only means to address the

Thus, one of

question of hypothetical

bias is through the comparison of contingent valuation
and travel cost model results.

Of the 273 respondents in the cross-country skiing
survey, 120 claimed to have downhill (Alpine) skied on
Mt. Hood during the 1984-1985 season.

This would suggest

that many of the interviewed individuals were familiar

with paying some type of nontrivial fee for a service
(lift tickets average $18.00 a day) and/or for access to
publicly owned and privately operated land.

Many indivi-

duals in the sample (207) claimed to camp overnight on
Mt. Hood.

The camping grounds charge a $2.00 overnight

space fee. Thus, many of the respondents had made similar
market decisions when faced with a recreational fee.

The
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interviewed skiers seemed to have been familiar with
similar types of markets, and most were able to respond
without hesitation to the logit offer.

Several arguments in favor of using the take-it-orleave approach

to contingent valuation were reflected in

the structure of the current study.

First, the technique

is simple to apply over the telephone, and potentially
through the mail and/or by personal interview.

The valu-

ation technique is simple to explain to the respondent
since there is no bidding.

Once the item to be valued

has been identified, the respondent only has to provide a

yes or no response to a single dollar offer.

The second

advantage of the take-it-or-leave-it techniques applies
to those individuals who never have attempted to place a

monetary value on a public good such as cross-country
skiing; and who therefore find it difficult to provide
precise value estimates.

The recreationist probably can

respond with relative accuracy to a fixed offer when the

offer falls within a plausible range of values close to
the "true" value to the individual.

In other words, the

respondent may not be exactly sure what his "true" value

is, but he is sure that values outside a certain range
are too high or low.

In summary,

the contingent valuation method,

as

applied in this study, had several advantages as a technique for valuing a nonmarket good.

(1) Respondents were

able to consider quality attributes of a study site in

163

relation to their individual tastes and preferences and
other determinants of individual utility besides travel
cost.

for the recreators who

(2) As is appropriate

travel from more distant zones, respondents could evalu-

ate substitute sites available to them before answering
the take-it-or-leave-it question.

(3) Respondents

were

able to consider their time costs incurred in travel to
and from the site.

(4) The take-it-or-leave-it technique

is appropriate for valuation when, implicitly or explic-

itly, the revealed value may result in a change in the
quantity or quality of recreation at a particular site,
e.g.,

increased parking capacity, grooming of trails,

provision of restrooms, etc.

(5) The take-it-or-leave-it

approach affords the potential for nonusers as well as
users of an actual

or proposed

site to be questioned,

thereby allowing estimation of option or preservation
values.

For all of these advantages, the main disadvan-

tage of contingent valuation is its hypothetical nature.
Responses are not, and cannot represent, firm enforceable
offers.

Comparison of Results
One objective of this thesis was to apply and compare

two methods of estimating the benefits to users of a
particular recreation site.

It is not surprising that

the contingent valuation benefit estimates were greater

than the travel cost benefit estimates when the latter
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excluded the opportunity cost of travel time. When the
opportunity cost of travel time was included, the aggregate zonal travel cost benefit estimate ($4.99 per indi-

vidual day trip) was remarkably close to the contingent
valuation estimate ($4.81 per individual day trip).

This

similarity supports the view that, for the interviewed

recreationists, approximately $5.00 a day is the mean
value of cross-country skiing on the Mt. Hood National
Forest.

However, this conclusion is based on the joint

assumptions of (1) no bias problems in the contingent
valuation approach as applied; and (2) proper specification of the opportunity cost of travel time in the travel
cost model.

The results reported in this thesis should be help-

ful in the management of those multiple use public lands

which provide opportunities for recreational activities
such as cross-country skiing. While economic efficiency
is only one criterion in public policy

decision-making,

it can be effectively implemented only if the benefits
and costs of all resource uses, both market and nonmarket, are available.

The present study did result in value estimates for

cross-country skiing on the Mt. Hood National Forest.
However, some caveats must be noted.

The value estimates

are site specific, and their application to other sites
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such as areas located in the Deschutes, Willamette, and
Snoquamie National Forests

would be inappropriate. The

present and potential users of a good are its source of
valuation. The cross-country skiers who recreate on Mt.
Hood may differ from recreators who use other sites.

The

basis and object of valuation may differ as sites change.

Similar research at different sites would be helpful.
If no other grounds by which to estimate nonmarket cross-

country skiing values other than the results of this
study exist, then its application must be made in context
of the time frame, user population, and site characteristics of the present study.

Several issues to be addressed in future research
may be suggested.

The creditability of the travel cost

model as an indirect valuation technique would be enhanced if a well defined price variable were to be established.

This process has two major components. First,

the theoretical foundation, procedural application, and
estimates of the opportunity cost of travel time are all
currently deficient. Second, effort should be devoted to

development of

a methodology to derive the specific

expenditure factors that are a part of individual recrea-

tional decision-making process.

The use of thetrave].

cost method is in a state of transition from the rib

to

the ZATC and/or AlO approach. Further thought should be
given to differences among the these techniques, and the
circumstances favoring the use of one or another of them.
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The acceptability of the contingent valuation model

revolves around the plausibility of solicited responses

as reflections of market behavior. Follow-ups on the
present study could focus on the hypothetical nature of
contingent valuation.

The reliability of a response can

be tested by contacting the respondents at periodic
intervals to see whether and why their response to valua-

tion questions might change over time.

The validity of

Validation of the

a response also needs to be tested.

take-it-or-leave-it results could be acquired if an
actual market for cross-county skiing on Mt. Hood were to
be established. In the absence of such a market, methodo-

logies other than are used in the present study could be

used and implemented; other results obtained could be
evaluated relative to the estimates reported here.
Noninarket valuation is the application of behavioral

science.

It

is the domain of no single discipline.

Greater interdisciplinary involvement and coordination
drawing on individuals'

expertise in

than economics is badly needed.

disciplines other

Survey researchers can

help develop better survey techniques -- through sample
selection and proper survey design.

Social psychologists

can help economists to better understand the components
involved in an individual's decision-making process; and
to draw correct conclusions concerning stated intentions
versus actual behavior.

Nonrnarket valuation is a bundle of techniques.
purpose of those techniques is

The

to provide information to

the general public, and to policy makers, on the values
of

natural resources exchanged -- but not in established

markets.

The techniques described, applied, and evalu-

ated in the current research can either be built upon,

or discarded as nonreliable and invalid. Hope springs
eternal, and hopefully the former outcome will materialize.

The results of this study

do encourage future

research and application of noninarket valuation tools.
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APPENDIX A
CROSS-COUNTRY SKIING TELEPHONE SURVEY QUESTIONNAIRE
Keith Lampi 754-2942
Frederick W. Obermiller

Cross-Country Skiing Telephone
on the Mt.
Hood National

Survey
Forest

SiteUsed
Date
By Observation:

Time:

Male

Female

Est, Age

Name:

Address:
Zip:

Phone Number:

Length of completed interview?

Area Code:

178

Abbreviations for Results

Code for Recalls

NA=NoAnswer

A=N.H.

NH = Not home
WR = Will return
REF = Refused (explain)

B = Inconvenient,
another date
_____, time
C = Incomplete, must
finish another
time (date
time _______)

PlC = Partially completed
DISC = Disconnected
CHGD = Number changed
IC = Interview completed

Explanations for refusal:
don't have the time and
will not participate later;
do not participate in
surveys;
object to study; _____other,

179

First of all, we would like to ask you some questions
regarding your recreational activities on the Mt. Hood
National Forest.
1.

How many years have you cross-country skied?
YEARS
DK/NA

2.

99

How often do you cross-country ski on Mt. Hood -three (3) times a month, at least once a month; or
less than once a month?
THREE PLUS
ONCE A MONTH
LESS THAN ONCE
DK/NA

3.

1
2
3
9

How many cross-country skiing trips during the Fall

of 1984 and through the Spring of 1985 do you

estimate you have made and will make to
NUMBER OF TRIPS
DK/NA

4.

99

We would like to know if you use any other cross-

country skiing sites on the Mt. Hood National
As I read their names to you, please

Forest.

indicate if you cross-country skied there or plan to

ski there this season. First of all:
[INT:
IF
YES, ASK NUMBER OF TRIPS MADE AND PLAN TO MAKE AT
SITE]

[IF YES]

CATEGORY

YES

a. Mult/Ski Bowl.....

1

NO
2

DK/NA
99

NO. OF TRIPS

DK/NA
999

Timberline Lodge..
2
99
999
White River
Canyon Area.......
1
2
99
999
*********************************************************
d. Mt. Hood Meadows..
1
2
99
999
e. Trillium Lake.....
1
2
99
999
b.
c.

f.

3.

Frog Lakes.

.

.

.

.

1

2

99

999

*********************************************************
g. Barlow Pass......
1
2
99
999
h.

5.

Other (specify)
1

2

99

999

.......

1

2

99

999

_......

1

2

99

999

Do you participate in any of the following winter

recreation activities on the Mt. Hood National
Forest such as:
downhill skiing, snow mobiling,
mountain climbing, or snow shoeing.
How about:
YES
a.
b.
c.
d.
e.

6.

DownhillSkiing.............l
SnowMobiling...............1

DK/NA

2
2
2
2

9
9
9
9

1

2

9

1

2

9

1

2

9

Mountain Climbing........... 1

SnowShoeing................1
Other

NO

(specify)

We would like to know if you participate in any
summer recreational sports on Mt. Hood, such as
camping, hiking, fishing, mountain climbing, or
hunting.

How about:
YES

a.
b.

c .

d.
e .

f.

Camping....................
Hiking.....................
Fishing....................
Mountain Climbing..........
Hunting....................
Other (specify)

........
........
........

NO

DK/NA

1
1
1
1
1

2
2
2
2
2

9
9
9
9
9

1

2

9

1

2

9

1

2

9
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7.

The quality of a cross-country skiing site is
important to many skiers. We would like to obtain
some of your feelings towards these qualities. I
have a list of several characteristics associated
with cross-country skiing sites and would like you

to indicate, after I read them to you, if you
consider it very important, somewhat important, not
very important, not important at all. How about:
VERY

SOMEWHAT

IMPT. IMPT.
a.
b.

c.

The Size of Ski
Site..............
A Mixture or
Diversity in
Terrain...........
Natural Beauty
of Area; Scenery..

NOT
VERY

IMPT.

IMPT.

AT ALL

NOT

DK/NA

4

3

2

1

9

4

3

2

1

9

4

3

2

1

9

*********************************************************
View of Mt. Hood.. 4
3
2
1
9
The Preservation
of Natural
Surroundings..... 4
3
2
1
9

d.
e.

8.

I will now describe some improvements and management
options for cross-country ski areas. I would like
you to indicate if you desire much more, more, the
same, less or much less of the following. How
about:

MUCH
MORE

a. Grooming of Trails...
b. Facilities
Associated with Area
like

MORE

SAME

MUCH
LESS LESS DK/NA

5

4

3

2

1

9

1) Parking
2) Restrooms
3) Lodge or Shelters

5
5
5

4
4
4

3
3
3

2
2
2

1
1
1

9
9
9

c. Sharing of Ski Area
With Downhill Skiers

5

4

3

2

1

9

** ***** * *** ****** * * ********* ************* * ** ** **** **** * **

d. Sharing of Ski Area
with Snowinobilers

5

4

3

2

1

9
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e. Single Use of Area...
f. Other (specify)

5

4

3

2

1

9

5

4

3

2

1

9

5

4

3

2

g. Other (specify)

_........
9.

9

I would like to reread the qualities and attributes
we have gone over in the last two questions. Please
consider which qualities are the most important to
you and your enjoyment for cross-country skiing.
I

will read through the list and would like you to
tell me what your first and second choices are.
Is
it:
[INT:
READ AND RECORD FIRST AND SECOND
CHOICES.
REREAD LIST IF NECESSARY].
a.
b.
c.
d.
e.
f.
g.
h.

The Size of Ski Site
Grooming of Trails
A Mixture or Diversity in Terrain
Facilities Associated with Area
Natural Beauty of Area; Scenery
View of Mt. Hood
The Preservation of Natural Surroundings
Single-Use
FIRST CHOICE
DK/NA
SECOND CHOICE
DK/NA

99
99

I would now like to ask you some questions about your
cross-country skiing expenses incurred the last time you
skied.
lOa.

First of all do you own, rent, borrow, or have some
other arrangement by which you obtain your crosscountry ski equipment?
OWN
RENT
BORROW
OTHER
DK/NA

lOb.

What was the approximate

1
2
3
4
9

cost

equipment?
COST
DK/NA

999

[Go
[Go
[Go
[Go
[Go

to
to
to
to
to

0.
Q.
Q.
0.
Q.

lOb]
lOe]
lOf]
lOg]
11]

of

your

ski
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lOc.

How long ago did you purchase your ski equipment?
YEARS
DK/NA

lOd.

999

How many years do you plan to use your ski
equipment before you purchase different crosscountry skis?
YEARS
DK/NA

lOe.

What was your rental fee per day?
COST
DK/NA

lOf.

999

999

If there was any cost in borrowing the ski
equipment, how much did you spend?
COST
DK/NA

lOg.

If there was any cost in using the ski equipment,
how much did you spend?
COST
DK/NA

ha.

999

How many people altogether traveled with you when
we contacted you at __________________?
NUMBER
DK/NA

lib.

999

999

How many of those who traveled with you were
adults?

NUMBER
DK/NA

999
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12a.

When we contacted you at
did you
drive your own vehicle, ride with someone else or
take a bus.
DRIVE
RIDE
BUS
OTHER
DR/NA

12b.

1
2
3
4
9

[Go
[Go
[Go
[Go
[Go

to
to
to
to
to

Q. 12b]
Q. 12b]
Q. 12b]
Q. 12b]
Q. 13]

Did you pay all, none, or equal shares of this
trip's traveling cost?
Probe if none or all
[INT:
and lib is not zero.J

12c.

ALL
NONE
PART
DR/NA

What was the cost in transportation you paid?
COST
DR/NA

13a.

999

When you were cross-country skiing at

was it a a day trip from your residence to the
skiing site?
YES
NO
DR/NA
13b.

[Go to Q. 14]
[Go to Q. 13b]
[Go to Q. 14]

Did you lodge near or on Mt. Hood?
YES
NO
DR/NA

13c.

1
2
9

1

2
9

[Go to Q. 13c]
[Go to Q. 14]
[Go to Q. 14]

Were your lodging expenses incurred only because
you made this trip to cross-country ski?
YES
NO
DK/NA

13d.

1
2
9

[Go to Q. 13d]
[Go to Q. 14]
[Go to Q. 14]

How much did you spend on lodging this trip?
COST
DR/NA

999

1
2
3
9
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l4a.

The next few questions will center around what
dollar amounts you would be willing to pay to
cross-country ski on Mt. Hood. This question is
not intended to help the U.S. Forest Service or
anyone else establish an entrance fee. Assume you
continue to make as many cross-country skiing trips
to Mt. Hood as you do now with and without an
entrance fee.

If the Forest Service had to use a fee system to
offset their costs of providing and justify the
continuing use for cross-country skiing at
would you be willing to pay $_________ to use this
site per day?
YES
NO
DK/NA
14b.

Would you be willing to pay any fee?
1
2
9

[Go To Q. 14d]
[Go to Q. 14e]
[Go to Q. 15]

What maximum amount would you be willing to pay?
AMOUNT
DK/NA

14e.

[Go to Q. 15]
[Go to Q. 15]

999

YES
NO
DK/NA
14d.

[Go To Q. 14b]
[Go to Q. 14c]
[Go to Q. l4c]

What maximum amount would you be willing to pay?
AMOUNT
DK/NA

14c.

1
2
9

999

[Go to Q. 15]
[Go to Q. 15]

Would you please tell me why you would not be
willing to pay any fee to cross-country ski?
I PROBE]

[Not enough information - 1; did not want to place
a dollar value - 2; object to question - 3; what is
was worth - 4; other (specify)
- 5;
DK/NA - 9]

15a.

If a fee were charged at

that

was greater than what you were willing to pay,
would you be willing to travel an additional 15
minutes to a similar site where n D fee was charged?
YES
NO
DK/NA
l5b.

1
2
9

[Go to Q. 15b]
[Go to Q. 161
[Go to Q. 16]

Would you be willing to travel an additional 30
minutes?

15c.

15d.

15e.

YES
NO
DK/NA

1
2
9

[Go to Q. 15c]
[Go to Q. 16]
[Go to Q. 16]

YES
NO
DK/NA

1
2
9

[Go to Q. 15d]
[Go to Q, 16]
[Go to Q. 16]

YES
NO
DR/NA

1
2
9

[Go to Q. 15e]
[Go to Q. 16]
[Go to Q. 161

1
2
9

[Go to Q. 15f]
[Go to Q. 16]
[Go to Q. 161

YES
NO
DK/NA

1
2
9

[Go to Q. 15g]
[Go to Q. 16]
[Go to Q. 16]

YES
NO
DK/NA

1
2
9

[Go to Q. 15h]
[Go to Q. 16]
[Go to Q. 16]

How about 45 minutes?

How about an hour?

How about one hour 15 minutes?
YES
NO
DR/NA

15f.

15g.

How about an hour and one-half?

How about two hours?

15h. What additional time over two hours would you be
willing to travel?
TIME
DR/NA

999
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Finally, I would like to ask some questions about
yourself which are needed if we are to understand how

different groups value their cross-country skiing
experience.
16.

How many years have you lived in your present
dwelling unit?
YEARS
DK/NA

17.

999

How many years have you lived in the Mt. Hood area?
YEARS
DK/NA

18.

Are you married, divorced, widowed, separated, or
have you never been married?
MARRIED
DIVORCED
WIDOWED
SEPARATED
NEVER MARRIED
DR/NA

19.

1
2
3
4
5
9

When we contacted you at
were you
cross-country skiing with your spouse or living
partner, other family members, friends, or by
,

yourself?

SPOUSE/LIVING PARTNER
FAMILY MEMBERS
FRIENDS
SELF
DK/NA

1
2
3
4
9

[INTERVIEWERS: Check Question 18 above and if married or
living together ask questions 20-23. IF respondent is
not married or living together do not ask questions 20a23a.]
20.

Are you:
EMPLOYED FULL TIME...... . . . .

EMPLOYED PART
HOMEER. . . . . . . . . . . . . . . . . . . . .3

ASTUDENT..... .. . . . ... . .. . . . . .4
RETIRED...... . . . . . . . . . . . . . . . . .5
UNEMPLOYED. . . . . . . . . . . . . . . . . . . . 6

DR/NA.

. . . . . . . . . . . . . . . . . . . . . . . .

9

::

20a.

Is your spouse or living partner?
EMPLOYED FULL TIME......... . . .1
EMPLOYED PART TIME........... .2
HOMEMAKER. . . . . . . . . . . . . . . . . . . . .3

ASTUDENT.....

.. . . .. . .. ..... .4

RETIRED.....

. . . . . 1
UNEMPLOYED . . . . . . . . . . .

DK/NA ,
21.

. . .5
. . . . . . . . . 6

. . . . . . . . . . . . . . . . . . . . . . . .

9

What is your occupation (when employed or before
retirement)?
Title

Type of Work
Type of Business
21a.

What is your spouse or living partner's occupation
(when employed or before retirement)?
Title

Type of Work
Type of Business
22.

What is the highest level of education you have
completed?

[INTERVIEWER:

READ LISTI

NO FORMAL EDUCATION............. 1
GRA.]DE SCHOOL... .... . ... ... .. .. . .

SOMEHIGH SCHOOL................

2
3

HIGH SCHOOL GRADUATE... ....... .. 4
TRADESCHOOL. ....... .. .. .. . . . ... 5
SOME COLLEGE .................... 6

COLLEGEGRADUATE .......
SOME GRADUATE WORK.............. 8
AGRADUATE DEGREE. ...... ... .. ... 9
PROFESSIONAL DEGREE...... .. . 5.5.10
DK/NA. . . . . . ..
. . . . . . . . . . . . . . . . .99

22a.

And your (spouse) (living partner)?
NO FORMAL EDUCATION............. 1

GRADESCHOOL. . . . . . . . . . . . . . . . . . . .
SOMEHIGH SCHOOL................

2
3

HIGH SCHOOL GRADUATE............ 4
TRADESCHOOL...... . ... .. .. .. .. . . 5
SOMECOLLEGE..... .. .. . . ... .. . . . . 6

COLLEGEGRADUATE................7
SOME GRADUATE WORK.... ........ .. 8
A GRADUATE DEGREE.. ....... ...... 9
PROFESSIONAL DEGREE......... . . . .10
DR/NA...... .
S SI S .99
23.

What was your age on your last birthday?
YEARS
DR/NA

23a.

999

What was your spouse's age on his/her last
birthday?
YEARS
DK/NA

24.

Would you please indicate what your personal income
was before taxes in 1984 to the nearest $5,000?
INCOME
DK/NA

25.

999

Would you please indicate what your household income
was before taxes in 1984 to the nearest $5,000?
INCOME
DR/NA

26.

999

999

Of that amount, roughly how much do you spend per
year on all your recreational activities, including
cross-country skiing?

AMOUNT
PERCENT
RD/NA
27.

Before we end,
correct zip code.

999

I need to make sure I have your
ZIP CODE

190
28.

Finally, is there anything else you would like to
tell us about your experience of cross-country
skiing on the Mt. Hood National Forest that you feel
we should know about?

(ThANK YOU FOR YOUR COOPERATION)
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APPENDIX B
LOGIT PRETEST

The pretest was used to gain a prio

insight into

the distribution of willingness-to-pay values,

On

December 21, 27, and 30, 1984, and January 2 and 3, 1985,

approximately 28 people were contacted at Trillium Lake

and White River Canyon parking lots. These individuals

were asked why they cross-country ski and what maximum
amount they would be willing to pay to continue to cross-

country ski on Mt. Hood.

The results of the solicited

value estimates (in dollars) were as follows: 1, 1, 2, 3,
3, 3, 3, 3, 3, 4,
7,

8,

10, 10, 15.

4,

4, 5, 5, 5, 5, 5, 5, 5, 5, 5, 6, 7,

These results were used to establish a

"best guess" cumulative distribution of user fees
(prices).

The distribution was estimated as follows:

Probability (YES) =

[

1 + exp( a + b ln($))]1,

(Bi)

where a equals 3.434, b is 2.477, and $ is the offer.
The mean (expected user price) of this distribution is
$5.30; the median is $4.00; the 20l percentile is $7.00;
and the 80th percentile is $2.30.

The above equation was used to compute the randomly
selected take-it-or-leave-it offers.

The precedure used

in the selection of offers was as follows:

(1) Three

hundred numbers between 0 and 1 were randomly generated
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from a uniform distribution. (2) These values were sub-

stituted for Probability (YES).

(3) Equation Bi was

inverted and solved for the offer Cs) whose value was
rounded off to the nearest dollar.

(4) These values then

were assigned randomly to 300 questionnaires.
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APPENDIX C

SUMMARY OF DATA FOR THE 273 RESPONDENTS

The average number of trips per respondent per site
were as follows:

Government Camp
Timberline
White River Canyon
Mt. Hood Meadows
Trillium Lake
Frog Lake
Barlow Pass
Bennet Pass
Pocket Creek
Other

501/273
296/273
680/273
575/273
531/273
241/273
286/273
125/273
142/273
152/273

=
=
=
=
=
=
=
=
=
=

1.84,
1.08,
2.49,
2.11,
1.95,
0.88,
1.05,
0.46,
0.52,
0.56.

Of the 273 respondents, 50 reported cross-country
skiing at least three times a month, 118 skied at least

once a month; and the remaining 105 less than once a
month.

The average number of various sites the skier

used per season was estimated at 5.31.

The respondents,

besides cross-country skiing, were involved in other
recreational activities on the Mt. Hood National Forest.

One hundred twenty reported downhill skiing during the
1984-85 season.

Hiking is popular:

224 respondents

stated they had or planned to hike on Mt. Hood in 1985.
Two hundred seven claimed to camp; 64 had or would climb

Mt. Hood in 1985; 86 fished on lakes and streams on the
National Forest; 23 hunted; and six snowmobiled.
Several characteristics associated with cross-country

skiing sites were listed in the survey.

The respondent

196

was asked to indicate if he considered the characteristic

to be very important (4), somewhat important (3), not
very important (2), or not important at all (1). The
characteristics and average responses were as follows:
Size of the ski site = 3.54,
A mixture or diversity in terrain = 3.36,
Natural beauty of the area (scenery) = 3.76,
View of Mt.Hood = 2.96,
Preservation of the natural surroundings = 3.88.

Various "improvements" and/or management options for a

cross-country skiing site were described in the survey

instrument as well.

After each "improvement" was

suggested, the respondent was asked if he desired much
more (5), more (4), the same (3), less (2), or much less
(1)

of that particular improvement. The average response

to the improvement and/or management options was as
follows:

Grooming of the trails = 3.63,
Parking space = 3.55,
Restrooms = 3.62,
Lodges and/or shelters = 3.91,
Sharing of ski areas with downhill skiers = 2.80,
Sharing of ski areas with snowmobilers = 1.93,
Single use of the area (c ross-country skiing) = 4.19.

After these series of questions were asked, respondents were asked what qualities were most important for
the recreationist's enjoyment, and why they cross-country
skied.

Only their first and second choices were re-

corded.

Natural beauty (scenery) received 88 first place

and 53 second place votes. The preservation of the
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natural surroundings had 65 votes for first and 58 for
second. The third category with a large number of votes
was the mixture or diversity in terrain with 54 first and

66 second place votes. The dispersion of votes for the

remaining categories was as follows: 28 first and 30
second for single-use; 16 first and 25 second for the

size of the ski site; 15 first and 18 second for the
grooming of trails; five first and 16 second for the
facilities associated with the area (restrooms, parking,
and shelters); and two first and seven second for a view
of Mt. Hood.

As the survey continued, skiers were asked who they

had been skiing with when they were contacted on Mt.
Hood. A large number of cross-country skiers were skiing

with friends -- 124. Forty-five were skiing with their
spouse or living partner. Twenty-eight were skiing with

their spouse and family members.

Twenty-two skiers

claimed to be skiing with their spouse and friends.
Eighteen respondents were skiing with just their family

members. Thirteen said they were skiing by themselves.
Thirteen claimed to be skiing with family and friends.
Ten said they were skiing with their spouse, family, and
friends.

Other data were collected on the respondents' employ-

ment and marital status, occupations, and levels of education.

This information is as listed below:
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Employed full-time
Employed part-time
Homemaker
Student
Retired
Unemployed

=
=
=
=
=
=

205
20

Married
Divorced
Widowed
Separated
Never married

=
=
=
=
=

152
34

15
17
6

10

4
4
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Occupations of the respondents when employed or before
retirement:
-

Professional
Administration
Sales
Clerical
Craft
Labor
Service
Self-employed
Homemaker
Student

81
31
15
16
21
18
47

- 12
- 15
- 17

Occupations of the respondentst spouse or living partner
when employed or before retirement:
Professional
Administration
Sales
Clerical
Craft
Labor
Service
Self-employed
Homemaker
Student

- 45
- 13
9

- 12
-

5
8

22
-

6

- 11
-

9
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Highest level of education respondents had completed:
Some high school
High school graduate
Trade school
Some college
College graduate
Some graduate work
A graduate degree
Professional degree

Highest level of education the

-

1

21
9

-

-

63
97
19
43
20

respondents' spouse has

completed
Some high school
High school graduate
Trade school
Some college
College graduate
Some graduate work
A graduate degree
Professional degree

-

2

18
5

28
50
9

-

28
12

The average number of years lived in the respondents'

present dwelling unit was 5.57.

The average number of

years lived in the Mt. Hood area was 14.87.

The average

age of the respondents was 33.95 years. The average age
of the respondents' spouse was 36.20 years. Average 1984
per capita income before taxes was $21,100.

The average

1984 household income before taxes was $30,800.

The

average household expenditure on all recreational activities during 1984 was $1730.00.

