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ajor professor)
The evaluation of social investment in water pollution control
has been retarded by a lack of methodology with which to evaluate

the direct benefits. The objective of this dissertation was to develop
theory and methodology for estimating direct recreational benefits

associated with the protection of sport fisheries. An inter-disciplinary
case study of pulp mill waste disposal alternatives at Yaquina Bay,

Oregon, provided the setting for research.
Methodology for estimating direct benefits was based on a bio-

economic model of sports angling. A theory of angler demand behavior was developed, with special consideration of the "quality" of the

recreational experience. This quality factor was specified as
"angler success per unit of angling effort".

The aggregate relation-

ship between these two variables in a sport fishery was termed a

"success-effort relationship". Conventional demand relationships

between quantity, price, and income were also postulated.
A biological production function for a sport fishery was envisioned between inputs of angler effort and an output, angler yield.

The marginal product was termed a biological "success" function.

Equilibrium levels of success and effort are determined by the

biological "success" and behavioral "success-effort" relationships.
Water pollution would reduce the level of water quality, lower the
biological production function, and reduce the equilibrium levels

of success and effort. The reduced level of effort would be mani-

fested in a decreased net economic value of the sport fishery.
Direct benefits of water pollution control would be equal to the
averted reduction in net economic value.

Data for empirical estimation of the biological "success",
behavioral "success-effort", and conventional demand functions
were obtained from a field survey of Yaquina Bay sports anglers,

two related mail surveys, and secondary sources. Estimates of
these three types of relationships were made for each of three

major sport fisheries in the estuary.
The "success-effort" relationships were estimated by multiple

regression analysis of time-series and cross-sectional data.

The

level of salmon angling effort was significantly responsive to success

changes at fisheries similar to Yaquina Bay. The degree of response

was expressed in terms of a "success elasticity". Two short-run

success elasticity estimates (. 375 and . 584) were made for off-

shore salmon angling at Newport, and a long-run estimate of . 999
was made for off-shore salmon angling at Winchester Bay.
Bottomfish anglers at Yaquina Bay were not significantly

responsive to success changes in time-series analyses, although
the results of a mail questionnaire which posed hypothetical "success-

effort" situations indicated that the response would be greater if angler knowledge of current success could be increased.

Cross-

sectional analyses of these data also revealed that increased angler
incomes and distances from the fishery were reflected in larger

success elasticities.
Demand equations were estimated for each sport fishery. Net
economic value of the total Yaquina Bay sport fishery was estimated

to be $22, 747 per year. A non-discriminating monopolistic owner
of the fisheries could maximize revenues at this level by charging
$1. 50 per angler day for salmon and bottomfish angling, and $1. 00
per day for clam digging. Negative income elasticities for bottom-

fish angling and clam digging prevented the projected yearly rate of
increase in net economic value (2. 25 percent) from being larger.
The methodology for estimating direct benefits was illustrated
with a hypothetical water pollution control alternative at Yaquina Bay.

The "success elasticities" were used to reduce each quantity observation in the demand models, and estimation of the revised demand

equations facilitated a comparison of net economic values with and
without water pollution control. The methodology will be used later

to evaluate direct benefits from each pollution control alternative
at Yaquina Bay.
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A STUDY OF CONFLICT IN NATURAL RESOURCE USE:
EVALUATION OF RECREATIONAL BENEFITS AS
RELATED TO CHANGES IN WATER QUALITY
I. INTRODUCTION

Although the optimum use of natural resources is generally

regarded as a desirable goal, the term "optimum use" has no single
unique meaning when applied to the various fields of academic investigation. Economists, plant ecologists, biologists and others

define the term in different manners. As Castle (8) has pointed out,
the role of the various disciplines in defining the optimum use of

natural resources should be limited to a positive ("what is") rather
than normative ("what should be") sense. The criteria of any one

discipline are currently inadequate to serve as general criteria for
defining social optima with regard to natural resource use.
The various disciplines do have an obligation, however, to
predict the consequences of alternative policy actions in light of

their own respective criteria. The criterion of the economist has
traditionally been economic efficiency, which can be broadly defined

as the ratio of ends to resources. The field of welfare economics
has arisen in an attempt to generalize the criterion of economic
efficiency to that of economic welfare. Under certain restrictive

assumptions including the existence of a social welfare function,

welfare economics defines preferred and less preferred states of
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resource allocation and income distribution.
One of the more successful areas of applied welfare economics

is that of benefit-cost analysis in public water resource development
(11, 13, 20). Although a number of shortcomings are generally ad-

mitted (11), procedures for evaluating social costs and benefits arising from water resource development have evolved over the past

30

years. Techniques for evaluating flood control, irrigation, navigation, and power projects now find general acceptance among economists and governmental agencies, especially in winnowing out projects which would reduce national income by yielding benefits less
than costs.
The benefit-cost evaluation of investment in water pollution

control facilities has lagged behind similar evaluation of other types

of water resource development, although the benefits are just as

real. The measurement of pollution control benefits has been hindered in one respect by the fact that polluted waters may result in

the destruction of a sports fishery. Sport fisheries, however, usually fall outside the price system by virtue of social policy, and the
methodology for simulating a market for outdoor recreation is still
in its infancy. 1Development of this methodology and application to
'Simulation, in this context, refers to the use of a proxy variable for price in establishing demand relationships for a "market"
which in fact does not exist. This is contrasted to computer simulation techniques, whereby parameter changes are made to establish
the impact on specific variables.
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the evaluation of water pollution control benefits is vital if the level
of economic understanding of alternative policy choices is to be in-

creased. Conflict over natural resource use has always been aggravated by a relative lack of knowledge of the economics involved. If

economists can continue to reduce this constraint, the limits for controversy can be narrowed.
This study deals with the construction of theoretical and empirical models which could provide information for a specific type of

public decision involving alternative uses of natural resources.

The

uses are recreation and waste disposal; the public decision-making
apparatus is benefit-cost analysis;2 the implied economic criterion
for optimum use is economic welfare.
The Problem

When the disposal of industrial wastes into an estuary or

stream conflicts with other water uses, an economic problem exists.
More specifically, a market imperfection in a decentralized system

of pricing may be revealed (31). As the classic case of external diseconomies, water pollution causes a divergence between private and
2The term "benefit-cost analysis" is used broadly throughout
this dissertation to encompass the conceptual identification as well
as empirical measurement of social costs and benefits, rather than
in the narrower sense of a particular project evaluation according
to governmental agency procedures.
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social costs which may not be reflected by the price system. When

recreation is the opposing claimant for the water resource, the reduction in recreational values may constitute a social cost which is

not reflected in the price of the industrial product.
External diseconomies in the production process are usually
viewed as causing an upward shift in the average and marginal cost

curves of the firm which suffers from the effects of water pollution.

This, in turn, may cause a leftward shift of the supply function for
that firm's product, and a consequent increase in price. Although

most sport fisheries are not priced by market forces, the social
costs in this case might be manifested in a reduced demand for the
product and a reduced value of the recreational resource. The disposal of wastes by the polluter, on the other hand, may be virtually
costless, and may not reflect the full social costs of pollution.
The Federal Government has emerged as a major force in controlling water pollution, partially because of the inability of the market mechanism to cope with this problem.

The Water Pollution Con-

trol Act of 1956 gave the Federal Government power to control water

pollution on an interstate basis, and the Federal Water Pollution Control Amendment of 1961 extended this power on a limited basis to

intrastate waters (54). State governments have also been increasingly active in attempting to control water pollution. Along with

this increase in governmental power through new legal institutions,
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a need has arisen for vastly improved methodology in evaluating the
economic efficiency of investment in water pollution control facili-

ties.
In an effort to develop such methodology, a grant for an "Economic Evaluation of Water Pollution Control" was awarded to Oregon

State University by the U. S. Public Health Service in 1962.

The

purpose of the grant was to develop methodology for determining

social costs and benefits from water pollution control and to identify

areas of needed economic and biological research. A case study
involving pulp mill waste disposal into Yaquina Bay, near Toledo,

Oregon, by the Georgia-Pacific Corporation is currently in progress.
Several papers and reports have already been accomplished relative

to this research (26, 60, 61).
The strategy of research has been to examine a number of

waste disposal alternatives, their costs, and their impacts on the
recreational fishery and the local community. The study has been

inter-disciplinary, involving the Departments of Agricultural Economics, Fisheries and Wildlife, and Civil Engineering. The project
engineers have been responsible for defining the dissolved oxygen
levels (DO), toxicity, and biochemical oxygen demand (BOD) of each

alternative at various points in the estuary, as well as estimating
yearly operating and maintenance costs (26). The alternatives to
be examined include the following:
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disposal of mill wastes without treatment at
various points in the estuary,
disposal into the ocean via pipeline,
barging wastes to the ocean,

intensive in-plant treatment,
low flow augmentation of the Yaquina River,

which empties into the estuary near the pulp
mill,

some combination of the above treatments, to

be determined by a least-cost linear programming
model.

3

The project biologists have been responsible for translating
the engineering data on DO and BOD levels into estimates of the im-

pact of each alternative on the aquatic resources of the estuary. The
economists have been responsible for placing the overall study into

the context of a benefit-cost analysis by estimating the direct and
secondary benefits of each waste disposal alternative.

Future

economic analyses will involve a consideration of the institutions

involved and possible systems of cost-sharing by private firms and
public groups.
3The actual problem of water pollution at Yaquina Bay was

"solved" by piping wastes to an ocean outfall seven miles from the
mill.
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Evaluation of the benefits of pollution control presents several

thorny problems, as well as several which are amenable to treatment by existing techniques. Among the latter is the distinction between direct and secondary benefits. The direct impact of water

pollution is on the aquatic resources and therefore on sports usage
of the estuary; consequently, the direct benefits of pollution control
would be the averted loss of recreational values which would otherwise occur. The secondary benefits are those which are induced by

the change in sports usage and expenditures, and accrue as changes
in personal income of local residents. Although the role of secondary
benefits in benefit-cost analysis has been shown to be of limited value

from a national point of view (11, 30), their extent is definitely important from a regional or community standpoint and may have im-

plications for systems of cost sharing. Estimation of secondary
benefits will be made at a later date through a Leontief input-output
model (60).
The Objective

Development of the theory and methodology for estimating the

direct recreational benefits of each waste disposal alternative at
Yaquina Bay is the central objective of this dissertation. The crux

of the problem is to link the recreational value of an estuary to
changes in water quality resulting from waste disposal.

The
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intention of exploring methodological considerations is motivated by

possible application to future economic analysis of outdoor recreation.

The latter is important for two reasons. First, the quality of

the recreational experience would seem to be an important determinant of the demand for outdoor recreation. Second, outdoor recrea-

tion demand studies to date have ignored or assumed away the the-

oretical and empirical role-of quality. In a sense this is understand-

able, as economic analysis of outdoor recreation is relatively new.

It is important, however, that the quality of the recreational experience be specifically considered because this parameter may very
likely be affected by the secular increases in income, population, and
leisure which have been forecast for the United States (47).

To outline the dissertation, Chapter II contains a review of
literature relating to the measurement of economic values and
quality factors in outdoor recreation. Chapter III presents a theory

of consumer behavior applied to the sports angler as he allocates

resources among alternative recreational commodities. This theory is complemented by a theory of a biological production function.

Jointly, these two theories, one based on human behavior patterns

and the other based on biological relationships, form a framework
within which the impact of reduced water quality on recreational
values can be determined.

Chapters IV and V present a number of

empirical models based on these theories. Results of these models

are discussed, and the methodology is used in an illustrative sense
in Chapter VI to estimate the direct benefits from investment in a
hypothetical water pollution control alternative. Chapter VII pre-

sents a summary and conclusions of the study and discusses implications for further application of the methodology.
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II.

A REVIEW OF LITERATURE

The purpose of this review of literature is threefold: (a) to
examine the literature on application of benefit-cost analysis to in-

vestment in water pollution control facilities, (b) to discuss the literature pertaining to the measurement of monetary values in outdoor

recreation, and (c) to consider the role of "quality" in the demand
for outdoor recreation. The three purposes are complementary, because applying benefit-cost analysis to investment in water pollution

control is likely to involve the measurement of recreational values.
These values are dependent upon water quality, thus "quality" must

also be considered in the demand models for outdoor recreation.
Benefit-Cost Analysis and Water Pollution Control

Hammond (25) has written a critical evaluation of the applica-

tion of benefit-cost analysis to water pollution abatement. As this
study emanated from a U. S. Public Health Service grant, his conclusions and policy recommendations are especially crucial in light

of the fact that this particular governmental agency claims the largest responsibility for water pollution control expenditures at the
Federal level. Hammond concluded that the difficulty involved in

measuring the costs and benefits resulting from pollution control
would be of such magnitude as to prohibit the application of
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benefit-cost analysis in most cases. He believed that measurement
of the benefits and the definition of the beneficiaries would be espe-

cially difficult, as this would usually involve extra-market goods
such as outdoor recreation. As a consequence, Hammond prefers
to treat pollution abatement expenditures as an item of collective

consumption, rather than public investment. He would ask, "Can

we afford it?", rather than, "Will the returns be greater than the

costs?".
Two separate reviews were made of Hammond's monograph.
Renshaw (53) was generally more optimistic than Hammond concern-

ing the application of benefit-cost analysis. He stated that the social
cost of water pollution is discontinuous and need only be considered

at critical points. The most important of these points would be when
the oxygen level approaches four parts per million, causing loss of

aquatic resources and recreational values, and when it approaches
zero, causing anaerobic conditions. His comments can best be
viewed as a testable hypothesis which has yet to be faced with empirical data.
Castle's review (7) of the Hammond monograph admitted the

measurement difficulties involved, but argued that treating pollution
control expenditures as an item of collective consumption rather than
public investment essentially begged the question. In this reviewer's
opinion, the economist should be able to give meaningful advice on
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pollution abatement beyond advising patrons to examine their own
utility functions.

As can be seen from this short literature review, the bulk of
the statements are deductive and lack empirical support. It is because of this shortcoming that the present study was activated. If

benefit-cost analysis cannot be successfully applied to a small geographic area with only two principal competitors for the water resource, then it seems unlikely that it could be applied to more complex situations.

Measurement of Recreational Values

One of the principal obstacles to applying benefit-cost analysis
to water pollution control expenditures is that of quantifying the rec-

reational benefits; thus it is appropriate that the literature on this
subject be examined. Crutchfield (18) has written a concise sum-

mary of the various methods suggested for valuing recreation, as
have Lerner (34) and Brown, Singh, and Castle (6).
The Methods

Only brief mention will be made of valuation techniques which

are obviously invalid because of circular reasoning or other logical

flaws. Among these is the "cost" method used by the National Park
Service from 1950 to 1957.

This method automatically equated the
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value of any recreational facility with its cost.

The Gross National

Product method, which considers leisure as an explicit factor of
production by imputing a share of Gross National Product to each

recreation-day, also involves faulty reasoning. The Gross Expenditures method results in an estimate of the maximum amount of
expenditures which might be diverted elsewhere were the recreational facility to be abolished, but does not establish what the anglers would be willing to pay for the right to fish. Estimating mar-

ket value of the fish is also an invalid technique; the product in

sports angling is "fishing", rather than "fish".
Current literature indicates that a valid measurement technique
is one which would derive a demand schedule for a particular recre-

ational facility in terms of quantities demanded at alternative prices.
Wantrup (12) has suggested surveying potential users of the resource

to obtain this schedule. Most researchers, however, have chosen
to base their demand functions on differential travel costs associ-

ated with the locational dispersion of the recreational users. Associated with this idea of differential costs has been the concept of a

"consumer surplus" on the part of those users located closest to
the resource.
The impetus for these ideas comes from Hotelling (28). He

suggested defining concentric zones around the recreational site

so that the travel cost to the site would be approximately constant
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for all points within each of the zones. He envisioned a demand curve

to be formed by plotting the travel cost from each zone with the num-

ber of visitors from each zone. In this model, users from the closer
zones would enjoy a consumer surplus by not having to pay the full

travel costs of those in the more distant zones. Integration of the
area under the demand curve would capture the consumer surplus

and thus afford an estimate of the recreational value of the site.
Marion Clawson (16) broadened the theoretical foundations of

the Hotelling model and presented additional suggestions for meas-

urement of recreational values. Clawson defines the five stages

of the recreational experience as anticipation, travel to the site,

experience on the site, travel from the site, and recollection. He
suggests estimating a demand schedule for the entire recreational
experience as the relationship between travel costs per visit and the
number of visits per 100, 000 population in a given zone. From this

it would be possible to derive a demand schedule for the site itself

in terms of quantities taken at different levels of fee increases.

This

is accomplished by assuming that the differences in usage among

zones are caused by the differences in money costs of visiting the
site. Rather than integrate the area under the demand curve to

estimate consumer surplus, Clawson would measure the recreational
value of the site by finding that point on the demand curve which

would maximize revenues for a non-discriminating monopolist.
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Brown, Singh, and Castle (6) have recently expanded the basic
Hotelling-Clawson model to encompass additional variables. In an

empirical estimation of the net economic value of the Oregon salmon-

steelhead sports fishery, they included distance and income in addi-

tion to a price variable. As expected, income exercised a positive
effect on the quantity of angler days taken. As Knetsch (33) had the-

orized earlier, distance acted as a "shifter" of the demand function
in a negative fashion, indicating that the time factor exercises an
effect over and above its role as related to the monetary costs.
Brown, Singh, and Castle also introduced the concept of "transfer
costs"; travel costs in the Hotelling and Clawson models would be

a special case. Transfer costs are defined as "... those costs incurred by the buyer or seller of goods, but which are not normally
included in prices" (6, p.

10).

This study also formalized a decision

model in which marginal transfer costs are equated with the marginal
utility of an additional visit to determine individual consumer equilib-

ria.
Castle and Brown (9) have pointed out that even though several

methods might obtain similar demand schedules, the problem of
interpretation would remain. The problem revolves around the

nature and meaning of the consumer surplus which arises from the
geographical dispersion of users. They mention three alternative
measures of net economic value which could be considered. These
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are (a) discriminating monopoly return, or integrating the area
under the demand curve, (b) non-discriminating monopoly return,
or selecting the price-quantity combination which would maximize

revenue, and (c) competitive return, assuming no obstacle to entry.
Previously, Lessinger (35) had argued that the consumer surplus
could not be captured even in a theoretical sense. His argument

was that those users who are able to enjoy the site without incurring

the travel expense of the most distant users have already substituted

location closer to the recreation site for urban accessibility. In
other words, he believes that the consumer surplus is already absorbed by market action.

To the extent that his argument is correct,

the case for discriminating monopoly return is weakened. Comput-

ing the value on the basis of a single price-quantity combination, as
for a non-discriminating monopolist, would avoid this theoretical
pitfall.

Castle and Brown (9) also make the point that interpretation
of the demand curve depends upon the use to be made of it. They

feel that only if the total resource is being considered will the return to either a discriminating or non-discriminating monopolist be
relevant. For incremental decisions, they claim that some relevant

portion of the demand curve may yield superior decision-making
information. They estimate for instance, that the Oregon salmon-

steelhead sports fishery, if held constant at 1962 levels of quantity
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and quality of supply, would support a raise in license fees to $3. 25
per angler day by 1972 without reducing the present level of angler
usage.

They further state that if action were taken to expand the

supply of angling, the added benefits could be estimated from a
relevant portion of the demand curve.
The Assumptions

Although Hotelling, Clawson, and Brown et al. have shown

that estimation of demand functions for outdoor recreation is feasible

and desirable, there are certain assumptions and restrictions which
need to be mentioned.

One restriction is that a reasonably broad

geographic dispersion of users must exist. Without this dispersion,

the theories which are based on differential transfer costs may still
be valid but the data will not be sufficiently diverse to allow statis-

tical estimation. Crutchfield (18) also makes the criticism that cur-

rent studies fail to separate the various attributes of the recreational
activity, and that the attractions are usually assumed to be complementary and additive, whereas they may in fact be competitive.
The charge has been made by Hines (27) that the differential

transfer cost models require the overly restrictive assumption that
identical preference scales exist among users in different zones.
Hotelling (28), for example, made the explicit assumption that

benefits to the recreationist were the same regardless of the
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recreational attributes should proceed jointly with the allocation of

costs to these separate activities.
The Criticism

A criticism of the original models was their simplicity, although the Brown, Singh, Castle model (6) contributed to generality
by adding income and distance variables. It is natural that the first

efforts in a new field of research would be quite simple, but later
research should strive to broaden the foundations of the theory.

If

limitations are present, it is more desirable that they be empirical
than theoretical.

The "quality" of the recreational experience is one variable
which has been ignored or assumed away in earlier studies. It is

appropriate that the literature on this subject be examined.
Quality as a Factor in Outdoor Recreation

When one deals with "quality" at the theoretical level, the

philosophic basis for this concept must first be considered. Philosophers have argued the differences and likenesses of "quality"
and "quantity" for centuries (29, p. 513-545). Aristotle believed

that quality was the basis for saying things are like or unlike, simi-

lar or dissimilar, while quantity was the basis for saying they are
equal or unequal. If one admits that qualities are subject to
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variations in intensity or degree, does this also amount to a change
in quantity? Philosophers seem to believe that it does (29, p. 513545).

Their arguments are concentrated on whether qualities or

quantities are the more fundamental attributes of things. Whatever

the consensus of philosophers might be, it is not that "quality" is
diametrically opposed to "quantity". Moreover, the philosophic
distinction between quality and quantity would not prohibit the quan-

titative measurement of quality characteristics.
Theoretical or empirical work with "quality" in outdoor recreation demand studies is practically nonexistent. Wantrup (14) has

stated that water quality should be no less subject to measurement
than the rates and flows involved in water quantity.

For example,

the dimensions of water quality could take the form of dissolved
oxygen (DO) and biological oxygen demand (BOD). While this is

certainly a helpful analogy, these quality dimensions refer to the
physical conditions of the water rather than the quality of the recreational experience. Low oxygen levels in an estuary may well be

related to low utility levels for anglers, but the theoretical relationships between physical and economic phenomena have yet to be

established.
The Outdoor Recreation Resources Review Commission (48)

sponsored a study which attempted to relate "user satisfaction" to
the quality of specific outdoor recreation facilities. Their field
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surveys, taken at 24 National Parks, Forest Service campgrounds,
state parks, and county parks, involved questioning users as to the
satisfaction derived from their visit. Their hypothesis that "...user

satisfactions and dissatisfactions are closely associated with area
quality and are able to provide a measure thereof" (48, p. 43) did
not allow for real analytical testing. While the information they
received on likes and dislikes was no doubt of value to recreation

specialists and park administrators, it provided little basis on which
to formally incorporate "quality" as a variable in the demand for
outdoor recreation. The problem is admittedly a difficult one be-

cause it involves inter-personal utility comparisons. It should be
further admitted that the study was perhaps intended more for the

benefit of park administrators than economists, although the interests of the two groups are certainly not mutually exclusive.
Although very little analytical work has been done with "quality"

variables in outdoor recreation, Zvi Griliches has made important
analytical contributions elsewhere in the measurement of quality
(1, 23, 24).

He proposes that the quality of a commodity be regard-

ed as a composite of a number of different characteristics, each of
which may be objectively measured or ranked.

4

He has demon-

strated this concept with empirical work on both products and factors

intellectual debt is paid by Griliches to A. T. Court (17)
for his essay along a similar line in 1939.
4An
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of production. In their work on the costs of automobile model

changes, Fisher, Griliches, and Kaysen (21) considered increases
in length, horsepower, width, and power brake and steering capability as differences in quality dimensions. With cross-sectional

and time-series analysis over various models and years, they regressed price on each of these quality dimensions in order to impute prices at the margin.
On the factor side, Griliches (24) has attempted to disaggre-

gate the large residual from time series models of agricultural
growth which is generally called technological change. He esti-

mates that about one-third of the increase in agricultural productivity since 1940 has been due to an increase in the quality of inputs,
and especially the labor input. This has come about through formal

education, on-the-job training, and extension courses. Recognition
should be given here to T. W. Schultz (55) for his seminal ideas on
investment in human capital. Schultz has argued that investment in

human capital through education increases the quality of the human

agent and is thus reflected in his productivity.
The measurement of quality characteristics by Schultz and

Griliches lends support to the idea that the quality variable in outdoor
recreation can and should be subjected to measurement techniques.
The following chapters attempt this task both theoretically and empirically with regard to sport angling at Yaquina Bay.
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III. A BIO-ECONOMIC MODEL FOR DETERMINATION OF
THE EFFECT OF CHANGES IN WATER QUALITY
ON RECREATIONAL VALUES

The literature review of the previous chapter revealed that
little analytical work has been done in relating quality in outdoor rec-

reation to recreational values. In order to construct a theory which
would accomplish this task, several requirements must be met.

First, the theory must define a "quality" variable which will reflect
the quality of the recreational experience. Second, it must relate the
variable to a decision-making framework for an individual. Third,

it must relate individual decisions to aggregate behavior. The par-

ticular type of aggregate behavior is expressed here in the form of
a bio-economic model which contains both biological and human be-

havioral relationships.
Identification of a "Quality" Variable

As noted previously, the "quality" of water can be described
in such terms as toxicity and biological oxygen demand of waste

loads and dissolved oxygen levels of receiving waters.

The "quality"

of the recreational experience, on the other hand, is more difficult
to identify. Various characteristics within each of Clawson's five

stages of the recreational experience (16) can be described as indicative of the quality of the experience. Travel time and road conditions
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may add to or subtract from the enjoyment of the visit, as may dining, lodging, or camping accommodations enroute.

The innate at-

tractiveness of the site, the degree of crowding, and the level of
management are all "quality" factors. Weather conditions also play
a role in determining the level of satisfaction. One might be tempted
to lump all these imponderables together under the general heading

of "quality" and think of it as a fugitive residual from measurement
techniques. Individual valuations of the above factors vary consid-

erably, and the subjective nature of consumer utility presents an
immediate obstacle to measurement.

An alternative, however, is to examine more closely the particular type of recreational activity under discussion, and attempt
to identify a unique "quality" indicator for that type of activity. This
is the approach followed here. In the case of sports angling, it is

hypothesized that the quality of the recreational experience can be

represented by the angler success per unit of effort, as anticipated
or experienced by the angler. Empirically, angler success can be

represented by a number of variables.

"Pounds of fish per hour",

"number of fish per trip", and "number of clams per day" are all
used in this study.

It must be admitted, of course, that some of the other criteria
mentioned above may be part of the bundle of quality attributes of

a sports angling experience. The argument for selecting angler
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success as the quality variable, however, rests on two points,

(a)

a priori relevance, and (b) the ease with which it can be measured.

The former is based on experience, and the desirability of the latter
arises from the need to solve a problem. The other quality attributes

present greater measurement problems; therefore, it seems desirable to try first the variable which is most promising and easiest to
quantify. Rejection of the hypothesis could indicate that some other

characteristic might better serve as the quality variable.
A Theory of Angler Demand Behavior

Having selected a variable to represent the quality of the recreational experience, it is necessary to develop a model of consumer
behavior with reference to the individual sports angler. This can be
done within the context of conventional demand analysis, but with

special consideration of the quality variable.

Neo-classical demand theory indicates that an individual's
demand for a particular good is determined by a complex of indiffer-

ence surfaces between this good and all other goods, their relative

prices, and the income constraint of the consumer. Conventional
assumptions are made in regard to diminishing marginal rates of
substitution among goods, and the postulation of the consumer as a

utility maximizer subject to price, income, and informational con-

straints.
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Indifference curves exist at four levels of aggregation: (a) the
choice between work and leisure, (b) the choice between sports angling and all other forms of leisure, (c) the choice among different
types of sports angling, and (d) the choice among alternative angling
locations. This analysis abstracts from the first choice, and con-

siders the latter two choices simultaneously. The choice criterion
by which individual decisions are made is that of relative prices,
given the income constraint of the consumer. Since the "price" of

sports fishing is typically zero by virtue of social policy, the rela-

tive price ratio must reflect other costs. As consumption decisions
are made on an incremental basis, the angler's variable transfer
costs would be the relevant price variable. These would consist

principally of travel expenses, meals, and lodging. If this argument is accepted, the ratio of relative prices between two angling

alternatives becomes fixed, since relative distances remain constant.5 These fixed ratios of relative prices, along with the income

constraint and the indifference surfaces, determine the optimum

quantities of each recreational alternative.
Revisions of the anticipated levels of angler success add a
dynamic element to the determination of consumer equilibria. As
assumption is made that variable costs involved in angling
are approximately a linear function of distance. A high correlation
between these variables was reported by Brown, Singh, and Castle (6).
5An

Z7

a result of revised anticipations, new optimum levels of usage are
generated by the revised indifference surfaces. The expected level
of success at any angling location is a subjective factor which varies
among individuals and over time; the degree to which anglers are

informed of present and expected levels of success also varies considerably.
Considering the choice between an angling alternative and some

form of non-angling leisure, the theory needs only slight modification.

The price variable for the non-angling leisure alternative may be an

actual price or another proxy variable, such as transfer costs for
sightseeing.

The shapes of the indifference surfaces are still de-

pendent upon changes in the expected level of success at the angling

alternative.
A general model of consumer behavior can now be stated for the

i'th individual sports angler. This model relates the quantity (Q) of
sports angling taken at a particular alternative (A) as a function of

relative prices (p) and expected success levels (S) at all angling al-

ternatives (A, B, ...N), relative prices (P) of all forms of nonangling leisure (R, S,

Z), and income (I).

This can be expressed

as
(3-1) QA. =f(PA. ,

B

N

R

S

Z AB

N

Assuming that only relationships of substitutability exist, the quantity
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A

taken of a particular alternative (Q) would be inversely related to

R SA

the price of that alternative (P.A), but positively related to the other

... P. ). Quantity (Q. ) would be
price variables (P. , ... P.N ; P.1 , P.,
1
A
positively related to expected success at that alternative (S. ), but

inversely related to expected success at the other alternatives
,

.(S.

.. Sr).

6

The effect of income (I.) on quantity would be an

empirical question, but most sports angling might be thought a priori
to have a positive income elasticity.
In conventional theory, an aggregate demand function is obtained by summing up the demand functions of all individuals.

For

the purposes of this theory, two types of aggregate relationships are
desired. The first is a price-quantity relationship, which is formed
conceptually by holding other variables constant and summing over

all anglers. The result is a conventional demand function which
expresses the total quantity taken as a function of price.
The second type of aggregate relationship is between angler
success and quantity. This is formed in the same conceptual man-

ner by holding other variables constant and summing over all anglers.

This function, which will be called the "success-effort"

6Complementary relationships could exist with respect to the
success-quantity relationships if there were linkages between sites
in expected success, as in the off-shore salmon fishery along the
Oregon coast.
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relationship, expresses the aggregate quantity taken as a function
of angler success (Figure 1).

7

The slope and linearity of the func-

tion for a particular fishery would be matters for empirical determination.

Angler
Success

Total Angler Effort

Figure 1. The success-effort relationship.
A Biological Production Function

Given a behavioral theory which relates angler success to

angler effort in a particular fishery, a theory of the biological relationship between these variables can also be developed. These

two types of relationships, behavioral and biological, will jointly

determine equilibrium levels of effort and success in the fishery.
The first biological consideration relates to the total production of fish.

Total biological production, or biomass, is defined as

7It is presumed that the product involved is "fishing", and not
"fish". If the latter were the case, the slope of the relationship
might be reversed.
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the sum of new tissue, regardless of its eventual fate, The production of biomass in any time period is determined by (a) physiological,

ecological, and physical factors, including water quality, and (b)
angler yield in previous time periods. Water quality is assumed to
be measured in dissolved oxygen (DO) or toxicity levels, whichever

is more critical to the particular species of fish.
Some of the biomass in any time period may be harvested by

anglers, some is lost through accidental and natural mortality, some
is devoted to maintenance and reproduction, and some is accumulated

by living fishes. Many factors affect the production of biomass, although the variable of particular interest is water quality. These
other factors, to be held constant, include the natural abundance of

food fish and lesser aquatic organisms, the reproductive vitality of
the fish stocks, and the nature of ocean upwellings or other physical
factors which would increase the availability of the food supply.

A curvilinear relationship between water quality and biomass

is illustrated in Figure 2. Justification for a non-linear relationship
comes from the existence of critical levels of oxygen and toxic substances. State regulations, for instance, often prohibit the lowering

of dissolved oxygen in a bay or river below four parts per million,
as this is thought to be the lowest level at which a fish stock can

survive and maintain itself. A reduction in water quality from Q0 to
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Q1

would bring about a more than proportional decrease in biomass,

provided that original water quality were relatively high.

To the

right of Q0, improvements in water quality would bring about in-

creasingly smaller increases in biomass.

Y (Moderate Yield)

BMO

1 (Excessive
Yield)

Biomass

BM1

Water Quality
Figure Z.

The relationship between water quality,
biomass, and angler yield.

Given some level of biomass, increased angler yield would be
accompanied by a decrease in the accumulation of tissue by living

fishes and by some decrease in accidental and natural mortality.
If losses through angling mortality were large enough to reduce the

reproductive capacity of the fish stocks, biomass in the next time
period would be reduced. The function relating biomass and water
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quality might be shifted downward, for example, from Yo to Y1.
Given unique levels of water quality and biomass, a biological
production function can be envisioned between angler effort and angler yield (Figure 3) which is independent of the behavioral relation-

ship described previously. The total yield of fish taken by anglers

is the total product, and the marginal product is in terms of angler
success per unit of effort. Yield is linearly related to angler effort
in the early stages of the production function, although diminishing
marginal productivity may be encountered at high levels of effort.

The latter may be due to depletion of the fish stocks or physical inefficiencies in angling, such as those caused by congestion of boats

or anglers.
TPo (Total
Product)
TP1

Total
Angler
Yield

0 (Marginal
Product)
MP].

Total Angler Effort

Figure 3. A biological production function relating
angler effort and angler yield.
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The biological production function takes certain levels of wa-

ter quality and biomass as given, such as Q0 and BM° in Figure 2.
A reduction in water quality from Q 0 to Q1 would reduce biomass

from BM() to BMi, thus lowering the yield function from TP0 to
TP1

(Figure 3) and the marginal product, or biological success,

function from MP° to MP,.
Establishment of Equilibrium Between Biological
and Behavioral Relationships

The theory of consumer demand in sports angling may now be
linked to the biological production function to determine equilibrium

levels of success and effort. The behavioral "success-effort" relationship and the marginal product of the biological production func-

tion jointly establish equilibrium levels of success (S0) and effort

0 ), as in Figure 4. One might view this interaction of biological
"success" and behavioral "success-effort" functions as analagous to
(E

the interaction of supply and demand functions in the determination

of equilibrium prices and quantities. In this analogy, biological

"success" would be the supply function, and the behavioral "successeffort" relationship would be the demand function.

The equilibrium solution above is static, whereas both functions are influenced by dynamic shifters.

The biological success

function is subject to volatile day-to-day shifts, somewhat milder
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seasonal shifts, and secular shifts which depend on ecological factors and the level of management of the fishery. The behavioral
success-effort function may be shifted by changes in population, in-

come, tastes and preferences, leisure, and changes in expected

success at alternative fisheries.

Angler
Success

Per Unit
of Effort

So

1

El

0

Total Angler Effort
Figure 4. Aggregate equilibrium with respect to
angler success and total angler effort.
Given some level of water pollution and consequent reduction

in water quality, it now becomes possible to determine the impact
on total angler effort. The reduction in water quality from Q0 to
Q1 causes a reduction in biomass from BM0 to BM1 (Figure 2),

thus lowering the total product function from TP0 to TP1 and the

marginal product function from MP° to MP, (Figure 3). The reduction in angler success per unit of effort causes a downward shift of
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the biological "success" function from So to S1, thus the equilibri-

um level of angler effort is reduced from E0 to El (Figure 4). The
actual reduction in angler effort for a given fishery would, therefore,
depend upon the extent of the reduction in angler success and the

elasticity of the behavioral "success-effort" relationship.
General Specification of Empirical Models

The first problem to be faced involves the nature of the interaction between behavioral "success-effort" and biological "success"
functions. The problem is again analogous to that of price determination. If supply is perfectly inelastic, one can follow the Marshallian

argument that demand determines price (36, p. 348). If supply is

not perfectly inelastic, however, price is determined by the interaction of supply and demand functions. The problem thus relates to

the elasticity of the biological success function.

The ultimate occurrence of diminishing marginal returns (suc-

cess per unit of effort) is difficult to refute, given a sufficiently
small number of angling locations and a sufficiently large number of

anglers. With a larger number of angling locations, it is possible
that physical congestion might be alleviated by substitution effects

among fisheries. Depletion of the fish stocks, however, provides

a strong argument for the eventual existence of diminishing returns.
In the case of the Yaquina Bay fisheries, a judgment was made by
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the biologists that the range of constant marginal returns was the
relevant range of the biological production function. This directly

implies that these particular biological "success" functions are
perfectly elastic with respect to angler effort.

This judgment was

made through knowledge of the historical and present usage of the
bay. It was uniquely made for Yaquina Bay and was not intended to

be a general judgment for all sport fisheries.
The strategy of research can now be developed more fully.

Estimating the impact of reduced water quality on the level of angler

effort first involves estimating the reduction in success associated
with each waste disposal alternative. This task has been undertaken
by the project biologists. Estimation of the elasticity of angler ef-

fort with respect to success is a matter of economic analysis and
will be undertaken in Chapter V.

The problem now is to relate the theory developed above to

the measurement of recreational values. Having incorporated a
specific "quality" variable in the theory of sports angling demand

behavior, the theory must be made operational if the declared purpose of estimating changes in recreational values is to be accomplished. It is necessary, therefore, to re-examine the demand

model for sports angling which was presented earlier.
The quantity (Q) of sports angling taken by the i'th individual

at a particular location (A) was postulated as a function of relative
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prices (P.A
, P.B1 , ... P. N) and expected success levels (S.A ,
1

B

S.

, ... S.

)

at all angling alternatives (A, B, ...N), relative prices of all forms
S
non-angling leisure (P.R, P.,
1
].

... P.

)

,of

and income (I.). Specify-

ing this model in an operational sense presents several problems.
One problem is defining the relevant angling alternatives. Another

is the choice between time-series models and cross-sectional models. In conventional demand analysis, the price variable usually

varies over time, but not cross-sectionally among consumers. For
this reason, demand models are usually estimated with time-series
data. With the sports angling demand model, the price variable

lacks this variability over time. As there is assumed to be a geo-

graphical dispersion of anglers, however, transfer costs should
vary cross-sectionally. Since it is imperative to isolate the pricequantity relationship, a cross-sectional demand model seems necessary.

This raises the problem of estimating the elasticity of the

"success-effort" relationship on a cross-sectional basis. A priori,
one would expect that any cross-sectional differences in actual success which might be present would be due largely to experience and
knowledge of the particular fishery. Success could be expected to

vary considerably over time, thus facilitating estimation by time-

series analysis.
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Estimation of the Change in Recreational Values

The above considerations require the use of two types of analy-

sis, (a) a cross-sectional demand model to isolate the relationships
between price, quantity, and income, 8and (b) a time-series analysis

to isolate the relationship between success and effort.

The former

will enable an estimate to be made of the demand function for a par-

ticular fishery as it exists prior to any water pollution.

The net

economic value of the fishery can then be derived by finding the point
on the demand curve which would maximize revenues for a hypothet-

ical monopolistic owner.

The time-series analysis will enable estimates to be made of

the elasticity of angler effort with respect to angler success. The

strategy is to use these elasticity estimates to "shift" the empirical
demand functions. Specifically, the values of the quantity variable

in the original demand model will be reduced according to the re-

duction in success and the elasticity of effort with respect to success. For example, given a 50 percent reduction in success and a

success elasticity of 0. 5, the value of each quantity observation
would be reduced by 25 percent.

8The term "demand model" is used throughout the remainder of
the dissertation to mean the relationship between quantity, price, and
income. It is realized that these models, as such, are incompletely
specified with regard to exclusion of the success variable.
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After introducing this demand "shift" due to reduced water

quality, a new demand equation will be estimated. A new estimate
of net economic value can then be made from the revised demand
function.

The resulting difference in net economic values will be

interpreted as the direct benefits of the pollution control alternative.

This amount would represent the loss of recreational values

which would be averted by preventing some particular level of pollution. An alternative method of estimating direct benefits, using

the original and revised demand functions, will be presented and
the results of the two methods compared.
The following chapters attempt the above tasks. Chapter IV

deals with cross-sectional demand models for the Yaquina Bay sport

fisheries, and Chapter V investigates the form of the "successeffort" relationships. These two analyses are linked together in
Chapter VI to estimate the direct benefits from a hypothetical water
pollution control alternative.
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IV.

CROSS-SECTIONAL DEMAND MODELS FOR
THREE YAQUINA BAY SPORT FISHERIES

In the preceding chapter, a cross-sectional demand model for
sports angling was specified in general form.

This chapter is con-

cerned with the construction and estimation of the specific demand

models which are required to estimate recreational benefits from
water pollution control.

Identification of the Sport Fisheries
In conjunction with the project biologists, it was decided to

disaggregate the total recreational fishery of Yaquina Bay into four

separate fisheries. This disaggregation was necessary because the
effects of water pollution are likely to vary among the different species. By considering each fishery separately, a more accurate de-

termination of the effects of any particular waste disposal alternative could be made. This applies to the determination of secondary

as well as direct benefits, since the spending patterns of anglers
may vary among the different fisheries. The four principal Yaquina
Bay sport fisheries which were identified were (a) bottomfishing,

9

(b) bay salmon angling, (c) clam digging, and (d) cutthroat
9The principal bottomfish species in Yaquina Bay are flounder,

perch, kelp greenling, herring, ling cod, and sea bass.
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trout-steelhead angling in those portions of the Yaquina and Big

Elk Rivers subject to tidal influence.

10

In order to gain some idea of the magnitude of these fisheries,
a field survey was conducted at Yaquina Bay from August 1, 1963
through September 30, 1964. The field survey questionnaire (Appen-

dix IV) was directed at obtaining both yield and expenditure data. The

biologists were interested in obtaining information on total yield,

angler success, seasonal distribution, relative abundance, and spatial concentration of each species. The economists were interested
in determining the total amount and distribution of angler expendi-

tures, as well as obtaining data with which to estimate demand models.
Specification of the Demand Models

The review of previous demand models revealed that the Hotelling (28) and Clawson (16) models included price as the only independent variable. Brown, Singh, and Castle (6), however, included

income and distance as additional variables. Distance was included

to reflect the cost of the visit in terms of time required to reach the
fishery. One could envision other cross-sectional characteristics

as possible determinants of effort, such as age and angling
10

Although the bay is also used for crabbing and skin diving, the
extent of these uses is quite small compared to the four enumerated
above.
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experience.

The principal objective of this dissertation was to

improve the methodology by considering a "quality" variable; therefore, it was decided to generally apply existing knowledge to the
task of demand estimation and not attempt other major improvements in methodology.

The demand models were specified in general form as

Q.. = f.)

(4-1)

13

13

13

where Q represents the quantity of sports angling in a particular
fishery, 17)- is the mean value of a simulated price variable, D

the mean value of distance from the angler's residence to the fishery, and Y is mean income. The ij's are the elements of cross-

sectional stratification.
A second consideration was in regard to the manner of stratification. The price variable should reflect transfer costs of reach-

ing the fishery; thus, it might be expected to have a high correlation
with distance.

11

The attributes for stratification were consequently

reduced to distance and income.
Construction of the Variables

The construction of variables for demand estimation involved
a postcard survey and mail questionnaire (Appendix IV) in addition
11-The empirical difficulties involved in separating the effects
of distance and price variables will be discussed later in this chapter.
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to the yield survey at the bay. Also, some of the data from the

yield survey and mail questionnaire were used in estimating the
relationship between angler success and angler effort. Rather

than describe in detail each survey and its uses, the construction
of each variable in the demand equations will be discussed separately.
The Quantity Variable

The stratification of anglers was made on the basis of distance and income; therefore, the quantity variable should reflect
the aggregate total of angling effort by each stratification.

The

quantity variable reported by Brown, Singh, and Castle (6) was estimated directly by asking respondents for the number of days spent
fishing for salmon and steelhead. They were able to expand their

sample statistics to an estimate of the population total, as they had
sampled from a finite population of all licensed salmon-steelhead
anglers in Oregon. The Yaquina Bay situation was quite different

in that licenses are not necessary for bottomfish angling or clam
digging. In other words, the population of sports anglers at Yaquina

Bay includes all those who care to use the bay in this manner. Conducting a random sample of all Oregonians to obtain usage data would

have been quite inefficient, and even then, the estimates would have

been biased downward because many out-of-state tourists fish in
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the bay.

In view of the "open" nature of the population, it was decided

to adopt an "index" method for estimating angler effort. 12This

method was based on the assumption that there existed a stable time
pattern of fishing intensity throughout the day. Periodic "complete"

counts of anglers on randomly selected days made it possible to es-

tablish these patterns. On each day of a "complete" count, from
three to five counts were made of all anglers in each fishery. Complete counts were made during the summer months at 6:00 A. M.
8:00 A.M. , 11:00 A.M. , 2:00 P.M., and 5:00 P.M., 13and during

the winter months at 9:00 A. M. , 12:00 noon, and 3:00 P.M. A total

of 68 complete counts was made during the year. These counts were

averaged over appropriately selected time periods in order to derive
an "average" time pattern of angling intensity. 14The area under

the graph of this pattern represented the number of angler hours.

As an illustration, Figure 5 shows the time pattern for bottomfish
anglers during the month of August, 1963. Separate patterns were

established for each fishery except the clamming activity, which
12Dr. Lyle Calvin of the Department of Statistics at Oregon
State University suggested this method to the project personnel.
13The 6:00 A. M. count was deleted in the summer of 1964.

14Appendix I contains a more complete description of the
"index" method of estimating angler effort.
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Figure 5. Average time distribution of angling effort in the bottomfish fishery, August, 1963.
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was excluded from this method of estimation because of the influence
of low tides on clam digging intensity.

Once the "average" time patterns were derived, it was possible
to estimate total angler hours in each fishery on a particular day.
The index for estimation of total angler hours (H.) on the i'th day
was
(4-2)

H. = A.(T-I/A)
1

1

where

A. = number of anglers counted at time t on the i'th day,
H

number of angler hours in the "average" day,
= number of anglers counted at time t on the "average" day.

The survey procedures called for daily collection of data on A., that
is, to record the number of anglers in each fishery at a particular
time. Angler counts were made daily at 11:00 A.M. and 2:00 P.M.

during the summer and at 11:00 A.M. and 12:15 P.M. during the
winter, although other times were occasionally used because of conflicts with other counting or interviewing duties. The relevant expansion factors (171/X.) were calculated on a monthly basis for each

fishery (Tables 1, 2, and 3).
It is recognized that the reliability of this method depends upon
the validity of the assumption of a stable time pattern of angling intensity.

The assumption could not be tested statistically because sampling

August, 1963
September, 1963
October, 1963
November 1-15, 1963
November 16-30, 1963
December, 1963
January, 1964
February, 1964
March, 1964
April, 1964
May, 1964
June, 1964
July, 1964
August, 1964
September, 1964

Month

66.35
66. 35
66. 35
66. 35

613.671
608. 673
587. 848
565. 690

20.22
20. 22
66. 35

15. 83
20. 22
20. 22
20. 22
20. 22

15.83

42. 55
42. 55

(11:00AM.)

127.58
127.58
127.58
127.58
127.58

91. 77
91. 77

and
2:00P.M.)

on Average Day (T)
(11:00A.M

149. 940
146. 525
150. 024
160. 269
170, 432
183. 344
604. 591

433. 077
417. 750
110. 539
108. 957

Number of
Angler Hours
in Average Day

Number of
Anglers Counted

7. 928
8. 430
9. 069
9. 112
9. 249
9. 174
8. 860
8. 526

7.421

7. 248

7.417

10. 178
9. 818
6. 983
6. 883

(11:00AM.)

4.771
4.608
4.434

4, 552

4 719

2:00 P.M.

and

(11:00A.M

Expansion Factor (f/A)

Table 1. Average number of bottomfish anglers, average angler hours, and expansion factors for
index estimation of total angler hours, by month.

August, 1963
September, 1963
October, 1963
November, 1963
May, 1964
June, 1964
July, 1964
August, 1964

Month

6. 274
8. 326
8. 459
8. 390
8. 080

25. 00
42. 62
42. 62
42. 62
42. 62
74. 54
74. 54

-

6.334

25.00

158. 353
156. 854
354, 858
360. 522
357. 607
344. 362

6. 667
-

(11:00A M. )

-

)

25. 00

41.69
41.69

2:0QP.1\,1

166. 683

(11:00A. M. )

(11:00A. M
and

4. 798
4. 620

-

3.920

3. 998

2:00P.M. )

(11:00A. M.
and

Expansion Factor (f1/-A)

163.435

(H)

Number of
Angler Hours
in Average Day

Number of
Anglers Counted
on Average Day (A)

Table 2. Average number of salmon anglers, average angler hours, and expansion factors for index
estimation of total angler hours, by month.

September, 1963
October, 1963
November 1-15, 1963
November 16-30, 1963
December, 1963
January, 1964
February, 1964
March, 1964
June, 1964
July, 1964
August, 1964

Month

26.989
99.876
99.627
94.878

125. 283
114. 704
112. 622
25. 573
25. 156
25. 323
26. 156

(R)

Number of
Angler Hours
in Average Day

8.475 (12:15P.M.)
8.321 (12:15 P. M. )
5. 587 (12:15 P. M. )
5.496 (12:15 P.M. )
5. 533 (12:15 P. M. )
5.715 (12:15 P. M. )
5. 897 (12:15 P. M. )
10. 160 (12:30 P. M. )
9. 199 (2:00P. M. )
8. 761 (2:00P. M. )

4. 58 (12:15P.M. )
4. 58 (12:15P.M. )
4. 58 (12:15P.M. )
4. 58 (12:15P.M. )
4. 58 (12:15P.M.)
4.58 (12:15P.M. )
9. 83 (12:30P. M. )
10. 83 (2:00P. M. )
10. 83 (2:00P. M. )

13. 785 (8:30A. M. )

(H/A)

Factors

Expansion

L.53(1Z:15P.M.)

9. 09(8:30A M )

Number of
Anglers Counted_
on Average Day (A)

factors for index estimation of total angler hours, by month.

Table 3. Average number of cutthroat-steelhead anglers, average angler hours, and expansion
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Estimated angler hours in the bottomfish, salmon, and
cutthroat-steelhead sport fisheries, by month.

Table 4.

Cutthroat- Steelhead

Bottomfish

Salmon

August, 1963

20, 656

3, 227

li

September, 1963

11,469

7, 301

4, 197

October, 1963

1, 561

7, 575

2, 751

November, 1963

1, 900

414

1, 768

December, 1963

2, 392

0

973

January, 1964

1, 116

0

526

February, 1964

3, 773

0

220

March, 1964

4, 745

0

6

April, 1964

4,495

0

_V

May, 1964

10, 804

134

_V

June, 1964

9, 465

3, 330

284

July, 1964

17, 206

8,051

738

14, 434

1, 001

August, 1964

J-i

September, 1964

.1j

Yearly total

89, 582

ii
35, 635-Y

523

12, 464

Totals were not estimated.
Angler counts were not made because angling season was
closed.
3./ An average of the two August totals was used in computing

yearly total.

37

(12, 464)

(35, 635)

4.01 ± 1.96

(3, 110)

(10, 914)

3,511

4. 36 ± 52

15, 290

.

7,403
35
.

2. 75

(31, 855)

15,911

15,944

10

69

137

69

115

Number
Total
Angler
of
Days Observations

I/ Based on completed interviews only, with confidence limits on means established at the
95 percent level of probability.

and May, June, July, and
August, 1964)
Fall (September, October,
and November, 1963)
(Total)
Cutthroat-Steelhead:
Entire Year

.

.

2. 54 ± 42

3. 08 ±

Average
Time Fished, in
Hours I/

20, 345

(89, 582)

(Total)

Salmon:
Summer (August, 1963

40, 427

49, 155

Rest of Year

September, 1963, and
July, 1964)

Bottomfish:
Summer (August and

Total
Angler
Hours

Yearly total of angler days, by fishery, with average time fished per completed
interview.

Fishery and Season

Table 5.
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values (plus or minus), except for the cutthroat-steelhead fishery.
Due to a limited number of observations, the confidence limits on

the mean time spent fishing for these species were quite large. In

order to gain precision, several tests of mean differences were
conducted. A test for mean differences between summer bottomfish
anglers and non-summer bottomfish anglers revealed that the mean
time spent fishing by the former group was significantly larger than
the mean of the latter group. Another test for mean differences between bank anglers and boat anglers in the bottomfish fishery proved
non-significant. There was a significant difference, however, in

the mean times spent fishing by summer and fall salmon anglers.
Fall anglers fished over one and one-half hours longer than summer
anglers.

As mentioned previously, clam digging times were closely
related to the daily low tides.

This obviously violated the assump-

tion of a stable time pattern: therefore, the index method of estimation was not used. Clam diggers were counted daily at the time

of low tide, and these counts were taken to represent "angler days"
(Table 6).

The yearly total was based on the 12-month period from

October 1, 1963 through September 30, 1964.

After the yearly total of angler days in each fishery had been

estimated, it was necessary to allocate this total among the stratifications based on distance and income. To accomplish this, six
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distance zones were identified (Figure 6 and Table 7).

The alloca-

tion of angler days among the six distance zones was made on the

basis of the number of anglers from each zone interviewed in the
field survey (Table 8). A separate category was established for

those anglers living farther than 200 miles from Newport, and those
who indicated that their principal reason for being at Yaquina Bay

at the time they were interviewed was for business or to visit
friends. This category was arbitrarily excluded from the demand
models on the grounds that fishing or digging clams at Yaquina Bay

was not the primary purpose of the visit.
Table 6. Distribution of angler days by month: clam digging.
Month

October, 1963
November, 1963
December, 1963
January, 1964
February, 1964
March, 1964
April, 1964
May, 1964
June, 1964
July, 1964
August, 1964
September, 1964
TOTAL

Angler Days
23

20
16

43

377
227
292
563
709

2, 719
1, 399
218

6,606
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Table 7. Geographic zones, with population and approximate
distance from Yaquina Bay to major population center.
Zone

Counties

Population'

(MDistanceiles)

1

Lincoln

24, 635

5

2

Benton, and coastal portion of Lane

47, 000

55

3

Polk, Yamhill, Linn, Marion,
Tillamook, and coastal portion of

262, 957

80

Douglas
4

Coos and remainder of Lane

210, 010

100

5

Clackamas, Clatsop, Multnomah,
Washington, and Clark County, Wash.

849, 277

120

6

Columbia, Deschutes, Hood River,
remainder of Douglas, and Cowlitz
County, Wash.

179,887

180

'Source of Data: (67, p. 14; 68, p. 41)

After stratifying the quantity variable by distance zones, it
was necessary to allocate each of the zone totals by income subzones in order to complete the two-way stratification and thus provide data for cross-sectional estimation of the demand functions.
Part of the data obtained through a separate mail questionnaire was
used for this purpose (Appendix IV)!6 Anglers in the mail survey

questionnaire was designed primarily to provide data
for the estimation of success-effort relationships and will be discussed more fully in the next chapter.
16This
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were asked to record the number of days they had spent angling in
that particular Yaquina Bay fishery during the past year. These
anglers were also asked to record their family income by checking
one of the income categories listed on the questionnaire.

The dis-

tribution of days fished by income categories furnished the basis for
allocating total angler days from each distance zone among the income sub-zones (Table 9).

The response to the mail questionnaire

from Zones 4 and 6 was rather light; consequently, some of the
zones were grouped together in calculating the distributions.
Although the questionnaire was somewhat abstract and many

respondents failed to understand the questions, it was assumed that
the response rate was approximately equal for each income category.
Many questionnaires which were returned showed obvious evidence

that they had been misinterpreted in part, although they still contained useful data on the number of days fished. If the response rate

had been strongly biased in favor of higher incomes, a smaller percentage of misinterpreted questionnaires might have been expected.

(This reasoning assumes that income would be positively correlated
with ability to interpret the questionnaire. )

The Price Variable

Ideally, the price variable in an outdoor recreation demand
function should reflect all transfer costs of traveling to and returning

3. 8
-

$10, 000-$14, 999

$15, 000-$24, 999

121

222
140

100.0% 100.0%

0. 5

2. 2

7.4

3.4
2.6

24. 1

23.0

12.8

2. 0

6. 7

16. 5

12. 7

23. 8

30.3

4. 5

3. 5%

-

-

27. 0

39. 8

22. 7

8. 0

2. 5%

-

55

96

25

100.0% 100.0% 100.0%

-

6. 1

9. 9

33. 7

17. 7

1. 2

7. 3%

33.6

20. 0

7. 3

6. 5%

3. 1

14. 7

11. 6

34. 1

16. 3

14. 0

6. 2%

46

40

100.0% 100.0%

-

-

1. 0

10. 3

17.4

14.4

31. 3

25. 6%

1/ Insufficient data prevented the distribution from being made for the cutthroat-steelhead
fishery.

Number of
respondents

100.0%

10. 1

$8, 000-$9, 999

Total

11. 7

$6, 000-$7, 999

>$25, 000

23.8

32.6

$4, 000-$5, 999

34.8

16.3

5.8%

27. 5

14.3%

$2, 000-$3, 999

< $1, 999

Table 9. Percentage distribution of days fished in the particular Yaquina Bay fishery during the
previous year, by income category. 11
Bottomfish
Salmon
Clam
Zone
Zones
Zones
Zones
Zones
Zone
Zone
Zones
Income
1
2 and3
1
4, 5,6
2 and 3
4, 5, 6
1
2-6
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from the recreational site, as well as variable on-site costs.
Data were not available, however, on expenditures made prior to
leaving for Yaquina Bay, or on those made enroute. Clawson (15)

states that Outdoor Recreation Resources Review Commission surveys have indicated that these two categories account for a substan-

tial percentage of all expenditures made by recreationists. It is

realized, then, that the price variable used here probably understates the true price to some extent.
The field survey questionnaires contained a number of questions
regarding expenditures in the Newport-Toledo area. Expenditures

were classified by type, corresponding to the sectors of the Leontief
input-output model which will be used for the future estimation of
secondary benefits (60). 17Anglers from the Newport-Toledo area

were asked only for expenditures directly allied to fishing or clam

digging, such as for bait and boat rental, because it was assumed
that any expenditures made for food, retail products, etc. would
have been made irrespective of the fishing trip.
Most of the interviews were conducted while the respondent was

fishing or immediately after he had finished; therefore, it seemed
17An estimate of total expenditures made in the Newport-Toledo
area by Yaquina Bay sports anglers is contained in Appendix II, along
with the distribution of these expenditures by type. In addition, an
estimate of the first round impact on the local economy of a hypothetical water pollution situation is generated.
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probable that some additional local expenditures were made after
the interview was completed. For this reason, a postcard survey
was conducted from May 1, 1964 through September 30, 1964 (Appendix IV).

Each non-local angler in the field survey was given a post-

card on which he was asked to record any additional expenditures

made prior to leaving the Newport-Toledo area. Local anglers

were excluded because it was assumed that all of their expenditures
had been made before they started fishing. Follow-ups were made
by phone or mail, depending upon the residence of the angler. Us-

able replies were received from 233 of 319 non-local non-overnight
anglers (73. 0 percent) and from 149 to 218 non-local overnight anglers (68. 3 percent).

The purpose of the postcard survey was to provide data with

which to estimate total expenditures made locally by each non-local
angling party whose primary purpose for being at the bay was fishing
or digging clams. Expenditures on durables were excluded because

the price variable was intended to reflect only variable costs. Expenditures for car operation and maintenance were also excluded

because a six-cent per mile travel cost was to be imputed for each
party.

In order to predict total expenditures made by each non-local

party, multiple regression equations were estimated for non-overnight and overnight respondents to the postcard survey. The
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equation which was estimated for 219 non-overnight respondents
was

18

7653 + .0114 X1+ 1. 2811 Xr,

(4-3) (i =

(. 0069)
(R2

= .

(. 1265)

340)

Y = sum of recorded expenditures on field survey ques-

where

tionnaire and postcard, minus expenditures for durables and auto operation and maintenance,
round trip distance from hometown,

X1 =

X2 = sum of expenditures recorded on field survey ques-

tionnaire, minus expenditures for durables and auto
operation and maintenance.

Standard errors of the partial regression coefficients and the coefficient of multiple determination (R2) are shown in parentheses.
The estimated equation for 106 overnight respondents was
**

(4-4) 9. = 42. 0521 + . 0830 X1* + 1.2987 X;:c* - 0774X3.
(.0113)
(.1175)
(.0368)
.

(R

=

**
645')

.

The Y, X1, and X2 variables were the same as in the previous equation.

The

X3

variable was a time index which expressed the length

of stay at Yaquina Bay which had already been completed as a
18**

indicates that the coefficient was significantly different
from zero at the 01 level. * indicates that the coefficient was
significantly different from zero at the . 05 level.
.
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percentage of the total length of stay. As anticipated, the amount

of expenditures recorded on the field survey questionnaire (X ) was
the most important determinant of total expenditures.

The positive

signs on the distance coefficients (X1) evidently indicated a positive
income effect on total expenditures.

This effect increased with

distance and was greatest for overnight angling parties.

The nega-

tive sign on the time index coefficient (X3) indicates that expendi-

tures were concentrated toward the early part of the visit.
One additional item of information which had to be estimated

was that of lodging expenditures for 84 overnight parties who were

interviewed on the first day of their visit, and had therefore not
made any expenditures of this type. This group included some re-

spondents to the postcard survey as well as others who were inter-

viewed prior to initiation of this survey. A regression equation was
estimated with data from 184 overnight angling parties interviewed

prior to initiation of the postcard survey and 41 overnight non-respondents to this survey. All of these parties had stayed at least
one night and had made lodging expenditures.

The estimated equa-

tion was
0264X**
(4-5) (1). = -8.0114 + 3. 2562 X**+
1
(.0088) 2 '
(. 3855)
.

(R2

=

.

314")
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Y = total lodging expenditures,

where

X1 =

number of days completed,

X2 =

round trip distance from hometown.

Distance also exercised a positive influence on expenditures in this
equation.

The coefficient on the X1 variable indicates that average

lodging expenditures per angling party were approximately $3.25
per night. This low value can be attributed primarily to inexpensive

camping at a nearby state park.

A "price per participant day" could then be arrived at for each
angling party in the field survey. For each of the 185 local parties,

a travel cost of six cents per mile for the round trip distance was
added to the expenditures recorded in the field survey and divided
by the number of participant days. For each of the 325 non-local

parties who had responded to the postcard survey, the imputed

travel cost was added to the total expenditures recorded in the field
survey and on the postcard, minus any expenditures for durables
and auto operation and maintenance. This sum was divided by the

number of participant days, based on a completed trip.
The regression equations in (4-3) and (4-4) above were used

to predict values of the price variable for 100 overnight and 123
non-overnight parties who had either failed to respond to the post-

card survey or were interviewed prior to initiation of this survey.
In order to compute a "price per participant day" for each of these
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Estimation of the Demand Models

The stratification by distance and income originally envisioned

six distance zones and eight income sub-zones for a possible total of

48 cross-sectional observations. Due to the fact that sufficient data
with which to compute meaningful averages were not available for all

possible observations, some aggregation was necessary. The number of observations was reduced to 26 in the bottomfish fishery, 14

in the salmon fishery, and eight in the clam fishery in order that each
might contain information from at least five angling parties.

The quantity variable for each cross-sectional observation was
expressed in terms of "angler days per 10, 000 population", because
population totals for the sub-zones ranged from 2, 395 to 200, 769.

Census of Population data for 1959 on the distribution of families by

income classes were used to distribute the total population of each
zone among the income sub-zones (67, p. 151; 68, p. 170). For the

independent variables, the means of distance, income and price were
calculated for each cross-sectional observation. In addition, a

squared income variable was added. A listing of values for all observations appears in Appendix Table 6.
The demand equations were estimated as exponential functions,
or

(4-6) Y = boe b1X1

+ b2X2 + b3X3 +b4X32

+u
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where

Y = angler days per 10, 000 population,
X1 = mean price per participant day,
X2 = mean round trip distance,
X3 = mean family income,

u r- stochastic error term.
When converted to natural logarithms, the function is linear in the

parameters and can be estimated with conventional multiple regression techniques. The function becomes
2

(4-7) lnY = lnbo + b1X1 + b2X2 + b3X3 + b4X3 + ln u.
The reason for using the exponential function was the hypothesis that
the actual price-quantity relationship more nearly approximates an
exponential than a linear function.

19

When estimated in the above form, the problem of multicol-

linearity between price and distance variables soon became apparent.

The price variable was based on an imputed travel cost plus

any local expenditures; thus, it was not surprising that price and

distance were highly correlated. The actual degree of relationship,

however, was such that the coefficients on the price variables lacked
significance and often carried a positive sign.

For this reason, it

was decided to delete the distance variable (X2) from the demand
19Brown, Singh, and Castle (6) reported a higher coefficient

of multiple determination (R2) for an exponential than for a linear
function when estimated with the same data.
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findings of Brown, Singh, and Castle (6) in their Oregon salmonsteelhead study.
The estimated demand equation for clam digging, with the

distance variable omitted, was
(4-10)

in Y = 8.13978

-

85471 X - . 19175X3.
1
(. 19008)
(.41565)

(Rz = .564)

The equation was estimated with only eight observations, thus the
significance levels of price and income coefficients were quite low.
The coefficient of multiple determination (R2) was also non-significant at conventional levels. As in the bottomfish demand model,

the negative sign of the income coefficient implies a negative income elasticity for clam digging.
Each of the above equations represents what Clawson (16) labels

a demand curve for the "recreational experience as a whole," because

expenditures were made for lodging, food, and travel costs as well

as for any fees paid explicitly for the right to use the recreational
site. (In this case, there were none of the latter. ) In order to

estimate a demand curve for the recreational site itself, it was nec-

essary to estimate the quantities which would be taken at various
levels of fee increase. The equations above were used for this
purpose. Estimated levels of usage were generated for each in-

come sub-zone, and consequently for each fishery, by increasing
the value of the price variable while holding the income variable
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constant at its mean. The assumption is made that anglers would

consider any increase in the price paid to fish in the same manner

as any other increase in costs.
Reasonably high coefficients of multiple determination (R2)
were obtained in the above demand equations (. 522 to . 567); conse-

quently, it was expected that predicted total usage at "zero increase

in price" (that is, at the actual value of the price variable itself)
would be fairly close to the actual level of usage. This was not the
case when the initial grouping of observations was used. Predicted

total usage of the clam beds was nearly three times the actual total
usage, and the prediction for the salmon fishery was twice as large
as the actual level. This discrepancy appeared to be due to the large
residuals which were predicted for some observations.

The problem

was compounded by the unequal weighting of residuals, because the

values of the quantity variable were expressed in "angler days per
10, 000 population".

Consequently, some of the predicted residuals

were magnified considerably, and especially for observations from
the more heavily populated Willamette Valley.

From the above, it was hypothesized that a relevant variable
had been omitted.

The models included only price and income as

independent variables, and thus implicitly assumed that the preference for alternative sports angling sites was not different among
geographic zones. This assumption appeared to be in error. The
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predicted residuals for Zone 4 (principally the Eugene area) were
especially large, indicating that angling sites other than Yaquina

Bay were relatively more popular for anglers in that zone.
Rather than attempt to specify a new variable, the above hy-

pothesis was tested by re-aggregating the observations so as to
reduce the effect of unequal angler preferences among zones. All
of the non-local zones (2 through 6) were grouped together in the

clam and bottomfish fisheries; Zones 2 and 3, and Zones 4, 5, and
6 were grouped together in the salmon fishery. Stratification by
income sub-zones was still accomplished, however. Reclassifying

the data in this manner reduced the size of the predicted residuals
and increased the R2 values. This seemed to confirm the above hy-

pothesis and made it possible to obtain estimates of predicted usage
which corresponded more closely to actual usage levels. The revised data classification is shown in Appendix Table 7. Twelve ob-

servations were available with which to estimate the bottomfish and

salmon demand equations, although only six observations were available for clamming.
The demand equation which was estimated from these data for
the bottomfish fishery was
(4-11)

lnY = 8.32341 - . 68069 X.'1
(.07366)

(R2

=

924)
)1/4*

.

+ .

13274 X3-

(. 12744)

2

.01285X3'
(.00743)
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where

Y = angler days per 10, 000 population,
X1 = mean price per participant day,
X3 7-- mean family income.

The coefficient of the price variable was also significantly different

from zero in this model. Although the sign of the income coefficient
was negative in the original model, the income effect was estimated
in this equation as a second degree polynomial with a negative sign

on the squared term. Although neither income coefficient was sig-

nificant at conventional levels, both were larger than their standard
errors and the coefficient of the squared income term approached
significance at the 05 level. The income elasticity, computed at
.

the mean of income (73), squared mean income (X3)2 , and the pre-

dicted value of the dependent variable given Xi, X3, and (X3)2
was -..038. It was instructive to note that reclassification of the data

had little effect on the estimate of income elasticity, as the estimate
computed from the original data classification was -. 077.

Application of the differential calculus makes it possible to
determine the ranges of income for which the bottomfish angling

income elasticity is positive, zero, and negative. By setting the
partial derivative of ln Y with respect to income (X3) equal to zero
and solving for X3, the function relating quantity and income can be
maximized. That is,
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(4-12)

n
aaIY = 13274 - 2(. 01285) X3 = 0
.

X3

Solving for X3,
.02570X3 = .13274

(4-13)

X3 = 5.165.

(4-14)

If the estimated demand model is accepted as valid, the income
elasticity for bottomfish angling is positive for incomes up to $5,165,

zero at this level, and negative for higher incomes.

The mean value

of income among the sample observations was $6, 583; therefore, the

income elasticity estimated at the means was negative (-. 038).
The estimated demand function for the salmon fishery was
(4-15)

lnY = 5.59954 - 69690
.

(.05770)
(R2

=

.

+

53153 X* - 02214 X.
(. 10448)
(.00490)
.

.

955")

As in the previous salmon demand equation, the coefficient of the

price variable was highly significant. A second degree polynomial
relationship was estimated between income and quantity, with coefficients on both income terms highly significant.

The income

elasticity, estimated at the mean of income (X3), squared mean
income (X3)2 , and the predicted value of the dependent variable

given X1, X3' and (X3)2 , was + . 258. Again, the estimate of in-

come elasticity was not dependent upon reclassification of the obs ervations .

Solving the same type of simple maximization problem, the
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ranges of positive, zero, and negative income elasticities can be
determined. Setting the partial derivative of ln Y with respect to
X3

equal to zero gives
(4-16)

a ln Y

=

.

53153 - 2(. 02214) X3 = 0.

ax3
Solving for X3,
(4-17)

.

04428X3 =

.

53153

Or

(4-18)

X3 = 12. 004.

This indicates that the income elasticity for Yaquina Bay salmon
angling is positive for incomes up to $12, 004, zero at this level and
negative for higher incomes. The mean value of income among the

sample observations was $8, 174; thus the income elasticity at the
means was positive (. 258). Salmon angling evidently has a much

different income characteristic than bottomfish angling, as the
range of positive income elasticity extends much higher up the income scale.

The estimate of a negative income elasticity for Yaquina Bay

salmon angling at income levels greater than $12, 004 is possibly
contrary to intuitive belief. One explanation might be that attain-

ment of this income level makes possible a greater range of leisure
substitutes for Yaquina Bay salmon angling, such as Canadian fishing and hunting trips. It must be remembered, too, that this esti-

mate is for a particular fishery, and not for salmon angling in
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general.

The demand equation which was estimated for clamming was
(4-19)

lnY = 8.28347 - 1. 17091 X1 - . 15330x3.
(.17442)
(.45902)
(R2

=

.

734)

Due in part to the limited number of observations, the

R2 value and

the coefficients of price and income variables were all non-signifiThe squared income variable was deleted from this model to

cant.

conserve on degrees of freedom.

The computed income elasticity

was -. 144, and was affected very little by reclassification of the

The reliability of this elasticity estimate is more limited than

data.

for the other fisheries because the coefficient on the income variable

was smaller than its standard error. It can nevertheless be concluded that the income elasticity for Yaquina Bay clam digging more

nearly resembles that of the bottomfish fishery than the salmon fishery.

20

A comparison of the estimated price elasticities is also instructive. The demand for salmon angling was estimated to be
interesting policy implication is provided by the relationship between income elasticities and possible pricing systems for
outdoor recreation. The latter might be designed so that the level of
price would be positively related to the income elasticity. For example, a price of zero might be established for outdoor recreational
activities with negative income elasticities, such as clam digging and
bottomfish angling, while a higher price could be set for salmon angling, which has a positive income elasticity. This would, in effect,
incorporate equity considerations into the system of pricing.
20An
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slightly more elastic (-. 462) with respect to price than the demand
for bottomfish angling (-. 321) or clam digging (-. 320), although all

have price elasticities less than unity. The existence of numerous
substitute locations for salmon angling relative to those available
to bottomfish anglers and clam diggers provides one explanation.
The flounder and perch fishing and clam beds at Yaquina Bay are

more unique than the salmon fishing because many streams and bays

provide the latter type of activity.
Estimated levels of usage were generated from the above
equations for each observation, and consequently for each fishery,
by increasing the value of the price variable while holding the in-

come variable constant at its mean.

21

In this manner, specific

price-quantity relationships were derived for each recreational
fishery. Table 10 and Figure 7 show the estimated levels of usage

at a series of hypothetical price increases. The reclassification of
data which resulted in higher R2 values can be seen to have brought

the predicted usage at zero increase in price more in line with
actual usage.

Given the demand functions, it is possible to estimate the
gross revenues of a hypothetical monopolistic owner of the resource.
21Predictions for the clamming activity were made by geographic zone, rather than income sub-zone, since the resulting prediction of total usage at zero increase in price was much closer to
the level of actual usage.

Clams:
Zone 1
Zones 2-6
Total usage
Total revenue

Zones 3-6
Total usage
Total revenue

Salmon:
Zone 1
Zone 2

Total revenue

Bottomfish:
Zone 1
Zones 2-6
Total usage

0

3, 872
10, 460
14, 332

$1. 00

238

1,

854

7,

3, 682

10, 244

502
1, 352

991

2, 691

960

5, 278

$4. 00

1,

$3. 00

7,490

$2. 00

2, 754

$1. 50

$5, 116

$5, 383

174
446
620

$1, 240

312
801
1, 113

$1, 670

1,439
1, 998

$1, 998

1,005
2,587
3, 592

$1, 796

1,

6, 446

2, 915

5, 670

1, 529
2, 558

723
306

435
2, 139
3, 589

1,015

4, 640

559

$5, 075

$3, 602

4, 295
7, 204

617
3, 021
5, 075

1,437

872

2,037

310
564

76

178

$162

54

0

54

$3, 825 $2, 256

1, 275

153
766

356

$10, 103 $14, 332 $15, 366 $14, 476 $11,046 $7, 416

5, 440
14, 767
20, 207

$. 50

2, 755

806

9, 574 10, 236

6, 116

1,234

1,447
5, 162

2, 886

2, 965

27, 398 28, 372

8, 524 7, 647
18, 874 20, 725

(Actual)

Increase in Price

increases in the three sport fisheries, by zone.

Table 10. Estimated usage in angler days, and monopoly revenues, for alternative price

.

50

1. 00

1. 50

2. 00

2. 50

3. 00

3. 50

4. 00

10, 000

salmon
20, 000

Angler Days

15, 000

25, 000

30, 000

increases for the three sport fisheries, 1964.

Figure 7. Estimated levels of usage associated with alternative price

5, 000

clam

bottomfish
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Assuming that he is a non-discriminating monopolist, he could

maximize gross revenues by charging $1. 50 per angler day for use
of the bottomfish and salmon fisheries, and $1. 00 per day for access to the clam beds. The sum of the maximum attainable reve-

nues at these prices is $22, 747 per year, which represents an estimate of the net economic value of the total Yaquina Bay sport fishery.

It should be noted that the price for salmon angling estimated
here ($1. 50) is considerably below that reported by Brown, Singh,

and Castle (6) for the Oregon salmon-steelhead sports fishery. Their
estimates ranged from $5. 00 to $8. 00, depending upon the method of
estimation. Two explanations can be offered. First, the price vari-

able used here included only travel and on-site expenditures. The
price variable in the salmon-steelhead study included, in addition,
expenditures made enroute and prior to leaving home. The second

reason relates to the nature of estimating the price-quantity combination which would maximize revenues. This involves finding the

point of unitary elasticity on the demand curve. It can be proven

geometrically that parallel shifts to the right cause a demand function to become more inelastic at any given price. Consequently,
the point of unitary elasticity would occur at a higher price. The
salmon-steelhead demand function was estimated for the entire

state; therefore, it would lie far to the right of the demand function
for an individual fishery such as Yaquina Bay. This would result
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in a higher estimate of revenue-maximizing price for the aggregate

salmon-steelhead sports fishery. The assumption must be made,
however, that the two functions are parallel.

The price elasticity

estimated here was -.462. An estimate of the salmon-steelhead
price elasticity made from data contained in the Brown, Singh,
Castle study and with the same type of exponential function, was
-. 591.

The estimates were both made at the mean value of the

Yaquina Bay price variable ($3. 55) to facilitate comparisons.

These

estimates are not dissimilar to such extent as to invalidate the assumption of parallel functions.

Given an economic rather than geometric interpretation, the
price which would maximize revenue depends upon the degree
monopoly.

of

The hypothetical monopolist in the salmon-steelhead

study controlled all such fisheries in the state, and there appear
to be no close substitutes for this type of angling. The hypothetical
Yaquina Bay monopolist, however, would control only a small part

of the aggregate resource and would therefore face numerous sub-

stitute fisheries. What seems more important than the prices
which would maximize revenues are the estimates of net economic
value. Nevertheless, if policy makers decided to activate a system

of price increases for sports angling, they would need to consider
substitution effects among fisheries.
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Demand Projections for 1975
By allowing for anticipated population growth and increases

in personal income, it was possible to use the demand equations
to generate estimates of usage for some future date. The year 1975
was chosen because of the availability of Oregon State Census Board

population estimates for that year (39).

Predictions of total usage and revenues were recalculated for
1964 for each geographic zone, and consequently for each fishery,

by increasing the magnitude of the price variable while holding the
income variable constant.

The predictions were made by geograph-

ic zones rather than income sub-zones because population estimates

for 1975 were available for the former, but not for the latter.
The price variable which was used for both 1964 and 1975 was

the mean value of price per participant day for each distance zone.
Census of Population data were used to compute values of the income variable. Income values for 1964 were arrived at by calcu-

lating the median family income in each geographic zone in 1959,
then adjusting each value upward by the percentage change in per
capita personal income in Oregon between 1959 and 1964 (18. 8
percent). Income values for 1975 were estimated by assuming

that the increase in real family income from 1964 to 1975 will
equal the increase in real per capita income during the 11 years
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preceding 1964.

22

Values of all variables for 1964 and 1975, and

data sources, are shown in Table 11.
It is apparent from the projections of angler days per 10, 000
population (Table 12) that the income elasticity of demand will play

an important role in determining the level of effort in 1975. Usage
levels per 10, 000 population are predicted to decline for both bottomfish angling (four to nine percent) and clam digging (16 to 19

percent), but should increase considerably for salmon angling (28
to 32 percent).
When the increase in population is taken into account (Table 13),

the projected growth of the salmon fishery relative to the other two

fisheries is quite evident. Assuming no increase in price, total
usage of the salmon fishery is projected to increase from 13, 137
angler days in 1964 to 20, 961 in 1975, an increase of 59. 6 percent.23

Total usage of the bottomfish fishery is projected to increase only
13. 2 percent, or from 31, 371 angler days in 1964 to 35, 525 in 1975.

Clam digging activity in 1975, however, is projected to remain almost at the 1964 level. The projected increase is from 6, 183 to
22Two three-year periods, 1951-1953 and 1962-1964, were

used to compute the increase of 19. 2 percent (71).
23The 1964 predictions of total angler days for both salmon
and bottomfish fisheries are somewhat larger than actual usage because they were made by geographic zone, rather than income sub-

zone.

5.30

Zones 2-6

$. 86
3. 21

Zones 3-6

Clams:
Zone 1
Zones 2-6
$. 86
3. 21

$. 95
3. 78
6. 15

$. 80
5. 30

1975

159

7. 159

6. 043

7.

6. 043
6. 962

7. 159

6. 043

1964

7. 203
8. 534

7. 203
8. 299
8. 534

8.534

7. 203

1975

(000)

24, 635
1, 549, 131

24, 635
47, 000
1, 502, 131

24, 635
1, 549, 131

1964

28, 128
1, 951, 572

1,

28, 128
63, 175
888, 397

28, 128
1, 951, 572

1975.31

Population

1/ The method used for estimating income in 1975 is described in the text. Data Source:
(67, p. 151; 68, p. 170; 71)
V Data Source: (67, p. 14; 68, p. 41)
3/ Data Source: (39, p. 13)

$. 95
3. 78
6. 15

Salmon:
Zone 1
Zone 2

$. 80

1964

Zone 1

Bottomfish:

Price Per
Participant Day

Median
Family ,,
Income 11

Table 11. Price, income, and population data for projecting changes in usage of the three fisheries
from 1964-1975.

1975

Zones 2-6:1964

30.80
24.95

573.00
479. 50

1975

53. 80
69. 10

268.00
348.00

1, 541. 00
2, 032. 00

149.50
136.00

Zone 1:1964

Clams:

1975

Zones 3-6:1964

1975

Zone 2:1964

1975

Salmon:
Zone 1:1964

1975

Zones2-6:1964

1975

3, 333. 00
3, 194. 00

Price = 0

in

Increase

-19.0%

-16. 3%

+28.4%

+29.8%

-

+31.9%

-

-9. 0%

-4.2%

Change

Percent

Percent

7. 74

9.55

148. 50

177.50

34.40

26. 80

133.50
173.50

1, 012. 00

767.00

75.70
68.80

1, 689. 00
1, 616. 00

-19. 0%

-16. 3%

+28. 3%

+30.0%

-

+31.9%

-9.1%

-4. 2%

Price = $1. 00 Change

in

Increase

2.96
2.40

46. 10

55.05

13.35
17.15

86. 35

504.00
66.50

382. 00

34. 85

38.35

818. 00

854.00

Price=$2. 00

in

Increase

Changes in predicted angler days per 10, 000 population, 1964 and 1975.

Bottomfish:
Zone 1: 1964

Table 12.

-18.9%

-16. 3%

+28.5%

+29. 8%

+31.9%

-9. 1%

-4, 2%

Change

Percent

Clams:
1964: Total Angler Days
Total Revenue
1975: Total Angler Days
Total Revenue

Salmon
1964: Total Angler Days
Total Revenue
1975: Total Angler Days
Total Revenue

Bottom Fish:
1964: Total Angler Days
Total Revenue
1975: Total Angler Days
Total Revenue

5, 670

- -

9, 574

27, 398

Actual
$. 50

0

6,218

0

6, 183

0

20, 961

0

13, 137

3,464
$1,732

$1, 722

3,443

9, 267
$4, 634
14, 791
$7, 396

23, 344
$11, 172
0
35, 525 25, 263
$12, 632
0
31, 371

0

1, 916
1, 916
1, 929
1, 929

1, 190
598
1, 196

595

6, 518
5, 203
10, 406

6, 924
7, 371
11, 056
1, 068
1, 602
1, 074
1, 611

3,259

42
126
40
120

4, 872
2, 591
7, 773

1,624

19,202

17,972

4,616

4, 609

13,827

9, 102

18,204

12, 801

17, 972

6, 543
6, 543
10, 439
10, 439

4,069
12,207

$3. 00

8,045
16,947 16,090

$2 00

11,298

$1. 50

15,888
15,888

$1. 00

Increase in Price

increases for the three sport fisheries, 1964 and 1975.

Table 13. Projected levels of usage, and monopoly revenues, at alternative price
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6, 218 angler days, an increase of only 0. 6 percent.
It is thus evident that both population and income will shift the

demand curve for the salmon fishery to the right, while these shifters
will act in opposing directions for clam digging and bottomfish angling. The positive effect of increased population should outweigh

the negative income effect for bottomfish angling, while the two fac-

tors should nearly cancel out for clam digging. This analysis, of

course, assumes that quality parameters for Yaquina Bay and al-

ternative fisheries will remain constant. If the level of angler success at Yaquina Bay should deteriorate because of increased usage

or water pollution, the above projections could be grossly overstated. Quality changes at other sites could also shift the demand

curves for Yaquina Bay sport fisheries and cause the projections to
be inaccurate.

The analysis also assumes that the projected popu-

lation and income levels will in fact be attained.
A note of caution should also be added that the negative income

elasticities for clam digging and bottomfish angling were computed

from regression coefficients which were not significantly different
from zero. While this may seem a hazardous procedure, it should
also be noted that the clamming demand model was limited by a lack
of degrees of freedom. Had a larger number of observations been

available, the levels of significance should have been greater.

Another reason for lack of significance is the possibility that
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local and non-local anglers have, in fact, demand curves with quite

different income characteristics.

This hypothesis finds support in

the values of the quantity variable for the various income classes
within each of the distance zones (Appendix Table 6). In Zone 1

(Newport-Toledo), the number of clam digger and bottomfish angler
days per 10, 000 population is greatest for the $2, 000-$3, 999 group,

but rapidly becomes smaller as the level of income rises. One

could argue that these fisheries are generally characterized by negative income elasticities for local anglers.
The number of bottomfish angler days per 10, 000 population

in Zones 2 and 3, however, increases through the $6, 000-$7, 999

income class and decreases thereafter. For Zone 5 anglers, the
increase is maintained through the $8, 000-$9, 999 income class.

One could argue for a positive income elasticity through a certain
income level, e. g. up to $8, 000, and a negative income elasticity
with higher levels of income.
The computation of net economic value for 1964 and 1965 can

be carried out as before (Table 13). Were a non-discriminating

monopolist to own the total recreational resource, he could maximize revenue by continuing to charge $1. 50 per angler day for
bottomfish and salmon angling and $1. 00 per day for access to
the clam beds. The maximum attainable revenue would have increased from $25, 787 in 1964 to $32, 187 in 1975 for an increase

8

of 24. 8 percent. 24This represents the addition to net economic

value of the total resource which would be brought about by the secular growth of population and income.

24This estimate of maximum revenue for 1964 ($25, 787) is
somewhat larger than the estimate made previously ($22, 747) because predictions of angler usage were made by geographic zones
rather than income sub-zones. The latter figure is a more accurate estimate of the absolute level of maximum attainable revenues.
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TIME-SERIES AND CROSS-SECTIONAL
SUCCESS-EFFORT" MODELS FOR THREE
YAQUINA BAY SPORT FISHERIES

V.

The theory developed in Chapter III indicated the determination

of equilibrium between angler success and angler effort in a particu-

lar fishery by the interaction of a behavioral "success-effort" function and a biological "success" function. It was hypothesized that

reduced success in the fishery would cause a smaller aggregate lev-

el of angler effort, all other factors being equal. The empirical models developed in this chapter were designed to estimate the slopes of

these behavioral relationships, or more precisely, the elasticities
of angler effort with respect to changes in angler success. Knowl-

edge of these elasticities is essential for the estimation of direct
benefits from water pollution control.
The intention of isolating the relationship between angler suc-

cess and angler effort does not permit one to ignore other variables
which might be closely related to one or the other. On the contrary,

a fairly complete model must be specified in order to be able to iso-

late the desired relationship. Conceived in a broader sense, the
development of methodology may be just as important as estimating

a particular elasticity.
It was previously argued that estimation of these elasticities
should be accomplished with time-series data, since any
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cross-sectional differences in success would be largely due to
differences in experience or knowledge of the fishery. Accordingly,

most of the models presented in this chapter are estimated with

time-series data. It is possible, however, that cross-sectional
differences might exist in angler reactions to hypothetical changes

in success. For this reason, part of the chapter is devoted to
examining the results of a mail questionnaire which posed such
hypothetical situations. Finally, the results of both types of mod-

els will be compared.

Time-Series Analysis

Time periods of analysis are generally separated, by conven-

tion, into the "short-run" and the "long-run", with varying definitions of each. In price analysis, price elasticities estimated from

long-run data will usually be larger, or more elastic, than those
with data from shorter time periods. This is usually accounted for
by the argument that consumers require time to adjust to new price
parameters and change their spending patterns. It is hypothesized

here that anglers, as consumers, also require time to adjust to
changes in success. As the time span increases, the level of knowl-

edge of past and present success at alternative sites increases, and
anglers have additional opportunity to purchase fishing equipment

and become better acquainted with other fisheries. One would thus
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expect success elasticities estimated with long-run data to be larger
than those estimated with short-run data. The models below were

designed, in part, to test this hypothesis. Success-effort models
are specified and estimated with short-run data for the bottomfish

and salmon fisheries, and an attempt is made to estimate long-run
relationships for the salmon fishery. Because of an insufficient

amount of data, time-series success models could not be estimated

for the clam or cutthroat-steelhead fisheries.
Short-Run Models

In order to isolate the short-run relationship between angler

success and angler effort, four basic categories of factors which
would "shift" this relationship were identified.

These categories

were (a) success at alternative fisheries, (b) the total amount and
distribution of leisure, (c) weather factors, and (d) income and residence of anglers. As developed in the theory of Chapter III, in-

creases in expected success at alternative fisheries should tend to

decrease the total effort at a particular fishery, ceteris paribus.
Likewise, the total amount and distribution of leisure would promise
to be an important determinant of effort. Weather characteristics

such as temperature, wind, and rainfall would also be relevant in
determining the level of effort.

The fourth category, income and

residence of anglers, also stems from the theory developed earlier.

92

Provided the fishery is not regarded as an "inferior good", an increase in angler incomes should be reflected in an increase in the
level of effort. Conversely, an increase in distance from residences

of participating anglers should be reflected in decreased effort.

Bottomfish Fishery: Four multiple regression equations were
estimated for the bottomfish fishery. Data from the field survey and

angler counts were used to construct success and effort variables,

and data from other sources were used for the "shifter" variables.
Two of the models were estimated with data from the summer months
of the field survey (August 1 through October 2, 1963, and May 14
through September 2, 1964).

The other two models used data from

the winter months (December 5, 1963 through May 13, 1964). This

division of the data was accomplished because the fishery is used

by basically different groups of anglers during the winter and summer. Anglers from greater distances do much more angling during
the summer months than during the winter months, while local anglers and those from within an hour's drive predominate in the winter
angling, except for holidays and vacations.

From the summer data, multiple regression models were
estimated for two different lengths of time periods. One model used
an individual day as the unit of observation, while the other utilized
data on a weekly basis. Single equation models were deemed appro-

priate by virtue of the assumption that short-run success at
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Yaquina Bay is independent of the level of effort.

The equation which was estimated with data from 56 summer
days was
**

(5-1) 9= -1024. 24 - 292. 705 X*+ 120. 633X3+
(131. 764)

(R

where

2

**
= .57)

(16. 971)

334.
507X4
(242. 990)

+ 13. 0106 X*
5
(6. 2766)

)

Y = total angler hours spent bottom fishing, as estimated
by the index method of estimation (effort variable),

X2 = average number of salmon per angler trip in the offshore salmon fishery at Newport (42) (alternative

success variable),
X3 =

vehicle count at Honeyman, Yaquina, and Umpqua

Lighthouse State Parks (44) (leisure variable),
X4 = an index of Newport "bar" crossing conditions which

indicated the percentage of Coast Guard (70) weather

observations with one or more of the following char-

acteristics: (a) ocean swells of six feet or more,
four-foot swells with a ten-knot wind or greater,
fog at the 8:00 A. M. , 12:00 noon, and 4:00 P.M.

readings, (d) 34 knot winds or greater (a weather
variable),
X5 =

the mean maximum temperature recorded by the
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U. S. Weather Bureau (72, 73) at Corvallis, Salem,
and Portland on that day and the two preceding days

(another weather variable).

Standard errors of the partial regression coefficients are shown in
parentheses. The Durbin-Watson (19) statistic for serial correlation of the residuals was inconclusive.

The variable which was taken to represent the distribution of
leisure (X3) was by far the most important determinant of angler
effort.

This variable alone explained 48 percent of the variability

in effort. As hypothesized, increased off-shore salmon success
(X2)

bay.

exercised a negative effect on bottomfish angling effort in the
This substitution effect is evidently over and above any de-

pendence on "bar" crossing because the coefficient of the "bar"

variable (X4) was considerably larger than its standard error.

A

weather variable (X5) indicated that higher temperatures in the Willamette Valley induced a greater level of bottomfish angling at
Yaquina Bay.

Coefficients of two other variables, including bottomfishing

success, were not significantly different from zero in equation
(5-1). Success data for the bottomfish fishery (X1) were measured

in "pounds of bottomfish per angler hour", and were obtained from

the field questionnaires for the previous four days. Daily rainfall
at Newport (X6) was also non-significant.

Both coefficients,
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however, carried the expected signs (positive for X1, negative for
X6).

The non-significance of the bottomfishing success coefficient

implies a zero elasticity of effort with respect to changes in success.
The results were quite similar when 16 weekly summer observations were used.
(5-2)

c

The estimated equation was

129. 152 X*
= -8493. 0 - 2259. 63 X*+
68. 2665 X**+
3
5'
2

(1008. 44)

(R2

=

.

(17. 2731)

(46. 848)

737**)

The variables were as listed in equation (5-1), although additional
data on vehicle counts (for Boiler Bay and Fogarty Creek State

Parks) were available for inclusion in the leisure variable (X3).
All variables were measured on a weekly basis, with no lags. Again,
bottomfish angling success (X1) was not a significant factor. The

coefficient on this variable, in fact, carried a negative sign, which
was contrary to theory. The index of bar conditions (X4) was non-

significant in this model, as were variables intended to reflect average income (X6) and average distance (X7) of the anglers who had
been interviewed. The Durbin-Watson (19) statistic for serial cor-

relation of the residuals was again inconclusive.

From the above equations, it was possible to estimate the
cross-elasticity of bottomfish angling effort with respect to changes

in off-shore salmon success. These elasticities, computed at the
means of the independent variables and the corresponding predicted
values of the dependent variables. were -. 315 and -.432 for the
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daily and weekly models respectively.

This indicates that a ten

percent change in off-shore salmon success would bring about a
three to four percent change (in the opposite direction) in bottomfish
angling effort in the bay.

The larger elasticity for the longer time

period supports the hypothesis that anglers require time to adjust
to changes in success parameters.
Some encouragement was encountered in isolating the success-

effort relationship with data from the winter months, but again, the

regression coefficients for the success variables were not significantly different from zero. The coefficient was slightly larger than

its standard error, however, in the daily model. The regression
equation which was estimated from 101 daily winter observations was
(5-3)

./Y

= -122.386 + 9.6317X1 + 111.987X**
3
(8. 7666)

(R2

=

(10. 963)

516')

Again, the leisure variable (X3) explained nearly all of the variation
in angler effort. The elasticity of bottomfishing effort with respect
to changes in bottomfishing success, computed at the means of X1
A

and X3 and the corresponding predicted value of Y, was . 09. Al-

though the reliability of this estimate is restricted by the lack of
significance of the success coefficient (X1), the indications are that
bottomfish angling effort tends to be highly inelastic with respect to

short-run changes in success. The winter bottomfish fishery is
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utilized more heavily by local anglers than by anglers from greater
distances; thus, it can be argued that the level of knowledge of cur-

rent angling success is greater during the winter, and that in the
aggregate, anglers are somewhat more responsive to success
changes during the winter months. Even so, an elasticity of . 09

is highly inelastic.
The two non-significant variables in equation (5-3) were the

mean maximum temperature at Salem, Corvallis, and Portland (X5)
and Newport rainfall (X6). The variables were defined as in equation

(5-1), although off-shore salmon success and "bar" condition vari-

ables were not applicable, and therefore were not used in estimating the winter relationships.
Ten weekly observations were also available with which to

attempt to estimate the winter ''success-effort" relationships in the
bottomfish fishery. The equation which was estimated from these
data was
(5-4)

A

**

9969X.
Y = 31.7392 + 53.9969
(16.3612)
(R = 577')
.

The coefficient of the bottomfishing success variable was even less

significant when the data were aggregated by weeks, as it was much

smaller than the standard error in equation (5-4). As in the previous models, the leisure variable (X3) explained far more of the

q8

variation in the dependent variable than any of the other explanatory
variables. The mean maximum temperature at Corvallis, Salem,

and Portland (X5), average angler income (X6), and average distance (X7) were also non-significant in this equation.

Summarizing the four bottomfishing success-effort models, it

appears that short-run changes in effort devoted to this fishery are
explained largely by the distribution of leisure, Willamette Valley

temperatures, "bar" conditions, and changes in off-shore salmon
success. The distribution of leisure was the most significant vari-

able in each of the four equations, indicating that the pattern of ac-

tivity in this fishery resembles that of the more casual types of outdoor recreation such as picnicking and sightseeing.

25

The influence

of short-run changes in bottomfishing success appears to be negli-

gible, except during certain times of the year and then perhaps for
only a portion of the anglers. Even then, bottomfish angling seems

to be highly inelastic with respect to short-run changes in success.
25The use of traffic count data at nearby state parks as the
X3 variable assumes that these counts were actually a valid representation of the distribution of leisure among anglers. The validity
of this assumption is an empirical question which was not subjected
to testing. An alternative interpretation of the X3 variable might
be that the traffic counts represent an "effort" variable for sightseeing, camping, and picnicking at these state parks. Given this interpretation, the conclusion that bottomfish angling at Yaquina Bay can
be classified as a casual type of outdoor recreation remains un-

changed.
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Salmon Fishery: Two multiple regression models were estimated with short-run data for the off-shore salmon fishery at
Newport. Success was judged to be independent of the level of

effort; therefore, single equation models were still appropriate.
Success and effort data for the off-shore fishery were obtained
from the Oregon Game Commission (42), rather than relying on
the limited number of observations on bay salmon angling from
the field survey. The assumption was made that the success-

effort relationship for bay salmon anglers is approximately the

same as for off-shore anglers. The validity of this assumption
is important because the estimates of success elasticity for offshore anglers might later be used in calculating direct benefits
for the bay salmon fishery. The assumption seems reasonable,

as most salmon anglers participate in either fishery, depending
on the time of year and weather.
The equation which was estimated with 193 daily observations was
**
**
(5-5) Y = -229. 999+ 287. 776X" + 99.6252X2 -378.
1
877X3
(8. 8708)
(72. 648)

(81. 285)

(R

=

.

479

**
)
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where

Y = total angler trips across the "bar" in sport and
charter boats (42)(effort variable),
X1 = average number of salmon per angler trip in the

Newport off-shore salmon fishery during the
previous four days (42) (success variable),
X2 = vehicle count at Honeyman, Yaquina, and Umpqua

Lighthouse State Parks (44) (leisure variable),
X3 = an index of Newport "bar" crossing conditions
which indicated the percentage of Coast Guard (70)

weather observations with one or more of the

following characteristics: (a) ocean swells of

six feet or more, (b) four-foot swells with a ten
knot wind or greater, (c) fog at the 8:00 A. M. and
12:00 noon readings (weather variable).

Variables which were non-significant in equation (5-5) were
X4 = mean maximum temperature recorded by the

U. S. Weather Bureau (72, 73) at Corvallis,
Salem, and Portland on that day and the two
preceding days (weather variable).
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X5 = Newport rainfall (72, 73) (another weather variable),
X6 = average number of salmon per angler trip in the

Depoe Bay off-shore salmon fishery during the previ-

ous four days (42) (alternative success variable).
The negative sign on the coefficient of the success variable for
Depoe Bay, which is ten miles from Newport, indicated some slight
degree of substitution. Nevertheless, the coefficient lacked significance.

From the above equation, it seems quite probable that salmon

anglers are considerably more responsive to success changes than
bottomfish anglers.

The elasticity of salmon angling effort with

respect to changes in salmon success, computed at the means of
X1, X2' and X3.and the corresponding predicted value of Y, was
375.

This estimate is considerably larger than the . 09 elasticity

computed from a non-significant coefficient for bottomfish angling,

although still inelastic. The distribution of leisure (X2) was also

highly significant in this model, as was the index of "bar" conditions (X3).

The equation which was estimated from 29 weekly observations
was
**

**

(5-6) c= -1118. 30+ 3016. 353111 + 66. 9242X2- 2987. 300X3.
(993. 776)
(1104. 10)
(16. 2013)
**
(112 = 554's)
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This equation was quite similar to the daily model, although the
Newport salmon success variable (X1); based on data from the

previous week, was significant at the . 05 rather than 01 level.
.

The elasticity of effort with respect to success, computed at the
means of X1' X2' and X3 and the corresponding predicted value of

Y, was . 584, which was larger than the . 375 elasticity estimated
from the daily observations.

This seems consistent with the hypoth-

esis that anglers require time to adjust to changes in success par-

ameters. A time lag might occur in the scheduling of leisure, that
is, in arranging to go salmon fishing in response to news of improved success.

The variables in the weekly model were the same as in the
daily model (equation 5-5), although Newport salmon success (X1)

was lagged one week and the leisure variable (Xz) included vehicle

counts at Boiler Bay and Fogarty Creek State Parks. The two non-

significant variables were off-shore salmon success during the previous week at Depoe Bay (X4) and the mean Willamette Valley temperature (X6).

The sign of the coefficient on the Depoe Bay success

variable was again negative, indicating some slight degree of substitution.

The Durbin-Watson (19) statistic for serial correlation of

the residuals was inconclusive.

103

Long-Run Models

It was also desirable to estimate angler response to success
changes over time periods longer than days and weeks, as it is quite
probable that estimates derived from long-run data would be more
indicative of the total response to a pollution situation.

Unfortunately,

such data for the bottomfish fishery were not available. The bottom-

fish species are not officially considered to be game fish by state
regulations; consequently, published or unpublished data are extremely limited. In fact, the yield survey which was conducted at
Yaquina Bay promises to be the most complete study of its type in
Oregon to date.

Historical data on salmon angling are more readily available,
although the only fisheries for which data are available for more than

ten years are the off-shore fishery at Winchester Bay and the fishery
at the mouth of the Columbia River. Sampling programs on success

and effort were initiated at the Columbia mouth in 1946 and at Winchester Bay in 1952 (41). Sampling programs at other Oregon salmon

fisheries were initiated more recently, and thus afford an extremely
limited number of observations for time-series analysis. For this
reason, success-effort models could be developed for only these two

fisheries.
Specification of long-run success-effort models involved the
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consideration of some variables in addition to those used in the

short-run analysis. Other variables, such as leisure, were still
relevant, although different data series had to be developed. Still

other variables, such as success at alternative fisheries, had to be
deleted because of lack of data. (The Columbia River and Winchester

Bay fisheries are not considered close substitutes for each other because of the distance between them. )

Moving from a short to long-run analysis, general economic
conditions become much more important. The level of per capita

income and the rate of unemployment are much more important in

the long-run because these factors influence purchases of durable

equipment such as boats, motors, and fishing tackle. Both factors
were assumed to be constant in the short-run models. Population

and per capita leisure have also increased over time, whereas these
factors were previously assumed to be constant. Furthermore, the

physical capability of crossing the "bar" into the ocean fishery has

increased greatly in the postwar period because of larger boats and

motors. A part of this increase can be related to secular changes in
per capita income in that these items of equipment have fallen increasingly within the budget constraints of anglers. One would thus

expect a high statistical correlation between these two factors.
Some factors which were important in the short-run may be

less important in long-run estimation. "Bar" conditions and weather
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are more likely to affect short-run analyses, although inclusion of
these data in long-run models might still be desirable, depending
upon cost.

In addition to specifying the long-run variables, the possibility
of simultaneity between success and effort had to be re-examined.

The success-effort models postulate that effort depends partially upon success. If success is in part dependent upon effort, however,
estimation by a system of simultaneous equations would be necessary.
Again, it was the judgment of the project biologists that salmon success

in a particular fishery is independent of the level of effort in that
year. Success was judged to be much more dependent upon such

factors as escapement to the spawning beds in previous years. For

these reasons, a single equation model was judged appropriate for
the long-run analysis.
The model which was specified for the off-shore salmon fishery
at Winchester Bay for the 1952-1964 period was
(5-7)

where

Y = b0 + b1X1 + b2X2 + b3X3 + b4X4 + b5X5 + u
Y

angler trips per 10,000 population in Oregon,

X1 = average number of salmon per angler trip,
X2 = real per capita income in Oregon,
X3 = weekly hours of leisure per employed person in
the United States,
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X4 = average unemployment rate in Oregon,
X5 = average horsepower of the largest sport outboard

motors made by the major manufacturers,

u = stochastic error term.
Values of the variables by year and the sources of data appear in
Appendix Table 8. Data for the effort (Y) and success (X1) variables

were taken from Oregon Game Commission reports (41), and data

for the other variables were obtained from governmental and industry publications.

The regression equation which was estimated for the Winchester
Bay off-shore salmon fishery was
(5-8)

Y = -418. 755 + 209. 537X 1
(65. 766)

(R2

=

.

**
+

. 19870 X
2
(. 08186)

.

674")

Apart from the relationship between effort (Y) and success (X1), the

separate influences of the other factors were nearly impossible to
untangle.

This problem of multicollinearity is illustrated by the

matrix of partial correlation coefficients in Table 14. The smallest of the three partial correlation coefficients between income (X2),
leisure (X3), and horsepower (X5) is 894, indicating that these
.

variables have practically moved together since 1952. After the

stepwise regression program had introduced success (X1) and income (X2) variables, introduction of additional variables resulted

in sharp decreases in the significance level of the income variable.
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The Durbin-Watson (19) statistic indicated that a hypothesis of serial

correlation of the residuals should be rejected.
Table 14. Matrix of partial correlation coefficients for Winchester

Bay off-shore salmon success-effort model, 1952-1964.-lf
X1

(Success)

X1

X2
X3

X4

1.000

X3

X2

X5

X4

(Income) (Leisure) ) (Unemploy- (Horse- (Effort)
ment)
power)
.

230

1.000

.406

-. 025

. 228

894

-. 563

1.000

-. 229

.

,

1.000

.

694

.943

.

586

952

.

679

-.317
1.000

X5

-.347
.

584

1.000

Y

ll For a more complete definition of the variables, see
equation (5-7) and Appendix Table 8.

The elasticity of effort with respect to changes in success,
computed at the means of X1 and X2 and the corresponding predicted
value of '\.). was . 999. A high degree of reliability can be attached to

this estimate because the success variable was not involved in the
multicollinearity problem. Also, success was more highly correlated with effort than any of the other independent variables. As

hypothesized, the long-run elasticity (. 999) of effort with respect

to success was considerably greater than either of the two short- run
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elasticity estimates (. 375 and . 584). It appears that salmon anglers,

given sufficient time to adjust their angling and spending patterns,

react to changes in success with a response which is very close to

unit elasticity, although the short-run response is considerably
smaller.
Essentially the same model was used in attempting to estimate
the long-run relationships for the salmon fishery at the mouthof the
Columbia River from 1946 to 1964. The multicollinearity problem

proved to be overwhelming when this model was estimated. As

evident from the matrix of partial correlation coefficients (Table 15),

all six variables were highly interrelated. Nearly all of the partial
correlation coefficients between success (X1), income (X2), leisure
(X3), horsepower (X5), and effort (Y) were greater than

.

80.

More

than 85 percent of the variation in angler effort was explained by the

five independent variables, although none of the partial regression
coefficients were significantly different from zero. This indicates
that the total explanation of the dependent variable was satisfactory,
but that the separate influence of each independent variable was impossible to untangle.

Values of the variables for each year and data

sources appear in Appendix Table 9. The only data change (other

than for success and effort variables) was in the income variable
(X2), which was modified to represent real per capita income in

Oregon and Washington, weighted by their respective populations.

109

Matrix of partial correlation coefficients for Columbia
River salmon success-effort model, 1946-1964..1/

Table 15.

X1

Xz

X3

X5

X4

(Success) (Income) (Leisure) (Unemploy- (Horsement)

X1

X2
X3

1.000

(Effort)

power)

915

.

783

-. 298

.

892

.

838

1.000

.

845

-.497

.

954

.

914

1.000

-.464

.

899

.

784

.

1.000

X4

-. 420

1.000

X5

-.456
.

904

1.000

Y

For a more complete definition of variables, see equation
(5-7) and Appendix Table 9.

Cross-Sectional Analysis

Although the time-series models investigated the aggregate

response of anglers to success changes over periods of time ranging from one day to a year, they could give no indication of cross-

sectional variability in patterns of response. There is reason,

moreover, to expect that anglers from different distances and income classes would not have the same pattern of response to changes

in success. One would anticipate that increased distance would increase the elasticity of Yaquina Bay effort with respect to success,
due to the greater number of angling locations available to the
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angler. Increased income should enlarge the number of leisure

alternatives which fall within the budget constraint of the angler,

and thus increase the success elasticity.
In order to test these hypotheses, a mail questionnaire was
sent to the particular person in each bottomfish, salmon, and clam
digging party who had been interviewed in the field survey (Appendix
IV).

Each person was asked to indicate the number of days he would

have spent fishing last year in that particular Yaquina Bay fishery

if each of a series of six hypothetical levels of success had prevailed.
These levels ranged both upward and downward from the actual mean

success level for the past year, and anglers were informed of the
mean success level. Success at all alternative fisheries was as-

sumed to remain constant at present levels. Anglers were also informed of this assumption. A total of 1, 146 questionnaires were

mailed and 405 replies were received without reminder. An additional 258 replies were received when mail reminders were sent,
bringing the total response to 663 of 1, 146, or 57. 9 percent.

The questionnaire posed a series of hypothetical situations;

consequently, it proved to be rather abstract and difficult for many
persons to answer. Some evidently misunderstood the questions,
which in essence asked, "How many days would you have gone

fishing given some level of success?". These persons interpreted
the questions as asking, "How many days would you have had to go
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fishing at this level of success to catch the amount of fish you actually caught?".

These people answered the questionnaire as though

it were an arithmetic exercise. Other anglers were judged to be
inconsistent in the manner in which they answered the questions.

A "consistent" set of answers was defined as one in which effort

either increased or remained constant as the hypothetical level of
success increased. All other types of replies were regarded as inconsistent with the exception of about ten questionnaires in which

the reduction in effort, given some increase in success, was very
slight and occurred at a high level of success. It seemed possible

that these anglers had reached a saturation point for this type of
activity. When the inconsistent and misinterpreted questionnaires

were eliminated, 359 questionnaires (54.1 percent of all those re-

turned) were available for further analysis.
Each questionnaire was classified by distance zone and income

class, and a multiple regression equation was estimated for each
distance-income stratification within each fishery. These equations
were specified as
(5-9)

Y = b0 + b1X1 + b2X12 + u,

where

Y = number of days which the angler indicated he

would have fished, at
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X1 = some hypothetical level of success,

u = stochastic error term.
The values of X1 ranged from one-fourth to one pound per hour in

bottomfish angling, one-fourth to one salmon per trip in salmon
angling, and from five to 30 clams per day in clam digging. As

many as six observations were available for each respondent be-

cause there were six hypothetical success levels; however, some
respondents failed to reply to all questions.

The squared success

term (X12) was included to investigate the possibility of non-linear-

ity in the success-effort relationships.
Estimation of the equations in this form resulted in R2 values
which were quite low (. 016 to 410), and the large variances caused
.

the power of the significance tests for partial regression coefficients
to be less than desired. Each questionnaire also contained information on the number of days actually fished; therefore, these data
were added to the model as an additional independent variable.

The

models were respecified as
(5-10)

Y = number of days which the angler indicated he
would have fished,
X1 =

hypothetical level of success,

X2 =

number of days actually fished,

u = stochastic error term.
Again, up to six observations were available for each respondent.
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The value given for the number of days actually fished by each indi-

vidual (X2) was used up to six times, that is, once with each hypo-

thetical level of success.
A multiple regression equation of the above form was esti-

mated for each distance-income stratification within each fishery
(Table 16).

The R2

values were considerably larger than those ob-

tained with the previous regressions; consequently, the smaller
variances provided more powerful tests of significance. The coefficient of the X2 variable (days actually fished) was significant in
each of the 14 equations, and at the. 01 level in all cases except one.

The hypothesis that larger elasticities of effort with respect
to success should be associated with higher incomes and greater

distances is generally supported by the results of the regression
models. The estimates of success elasticity increased unambigu-

ously with increased distance and income in all of the 14 stratifications except one stratum in the clamming acticity.
The coefficient of the success variable (X1) was highly significant in each equation except two which were estimated for Zone 1
(Newport-Toledo) salmon anglers.

The coefficient of the squared

2

success term (X1) carried a negative sign in all equations, indicating diminishing marginal increases in effort for unit increases in
success. This can also be interpreted as increasing marginal re-

ductions in effort for unit reductions in success.

The coefficient

<$8,000
> 8,000

Income

4 6,000
>6,000

2-6

> 6,000

2-6 < 6,000

1

1

1.866)**

0.485 ( 0.133)**
0.246 ( 0.051)**
0.185 ( 0.033)**
0.395 ( 0.125)**

(

(

14.244 ( 4.564)**
8.383

(

4.692)
9.064)

(

(

(

0.003)*
0.007)
0.004)

-0.007 ( 0.004)

-0.007
-0.004
-0.006

-7.511 (15.989)
-5.455 4.718)
-6.812 3.561)
-4.394 ( 8.580)

-16.909 ( 18.399 )

-26.146 (13.522)

50.355 (17.358)**
18.470 ( 4.029)**
12.244 ( 3.518)**
7.545 ( 1.045)**

(

(

4 8,000

2-3 >8,000
4-6 4 8,000
4-6 > 8,000

1

6.062
8.079

4.835 (15.804)
-13.063 (15.563)

Squared
Success: X2

9.580 ( 2.003)**

20.503 ( 19.944)
6.928 ( 1.031)**

11.985 (20.287)

Success: X

>8,000

>8,000
2-3 L 8,000

1

2-6

2-6 <8,000

1

1

Zone

.629
.568
.610
.800

.880
.415
.285
.435
.524
.436

.425

. 274
. 796

.157

R2

96

107
27
54

152

280

196
54
382
137

162
164

66

52

2/

5.51
4.42
3.67
4.12

6.23
4.23
4.12

17.22
8.91

20.27

.80
1.07
.97
.54

.66
.95
.66
.93
.88
1.18

.52
.76

0

7.33
6.49

0

8.04
11.36

E

4.46
1.54

8.21
-

-

-

-

.98

* 5/

5-/ Elasticity of effort with respect to success, computed at a very low level of success (. 10 pounds of bottomfish per angler hour or
5 clams per day).

Mean value of "days actually fished".
A/ Elasticity of effort with respect to success, computed at the approximate means of success (.50 pounds of bottomfish per angler hour,
. 50 salmon per angler trip, or 20 clams per day).

Number of individual (X1, Y) combinations.

Based on equation (5-10), with the dependent variable (Y) reflecting the number of days which the angler indicated he would have
fished at each hypothetical level of success. Standard errors of the regression coefficients are in parentheses. ** indicates that
the coefficient is significantly different from zero at the . 01 level. * indicates significance at the . 05 level.

Clam:

Bottomfish:

Fisher
Salmon:

Partial Regression Coefficient 11
and Standard Error of:

Table 16. Results of cross-sectional success-effort regression models based on hypothetical changes in success.
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for the X1 variable was significantly different from zero, however,
only in the equation for Zone 1 clam diggers with incomes of less
than $6, 000.

2

In three other equations, the t-value for the X1 coeffi-

cient approached significance at the . 05 level. Of the four equations
2

in which the coefficient of the X1 variable surpassed or approached

this level of significance, three were in the lower income classes
(less than $6, 000 or $8, 000). Two of these three were in Zone 1
(Newport- Toledo).

Determination of a possible non-linear relationship was quite

critical in the estimation of success elasticities, as the non-linear
equations yielded high estimates of success elasticity at very low
levels of success. For example, the success elasticity for Zones
4,

5, and 6 bottomfish anglers (incomes of less than $8, 000) was

estimated at . 88 with a success level of 50 pounds per angler hour.
.

This estimate increased to 8. 21 at . 10 pounds per angler hour, which

indicates a very elastic success-effort relationship. It was essential,
therefore, to focus attention on the question of non-linearity. The
2
significance of the X1
coefficients appeared to have some positive

correlation with high R2 values; therefore, an attempt was made to

increase the

R2

values in the other equations by stratifying on the

basis of "days actually fished". It was hoped to obtain smaller estimates of the variance, which in turn would provide more powerful
2

tests of significance for the X1 coefficient.

This stratification,
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however, failed to result in any material improvement in significance
levels.

At this point, the overall reliability of this manner of obtaining
data should be critically discussed. Economists generally prefer
to make inferences regarding economic behavior on the basis of

what people actually do, rather than what they say they will do.

Crutchfield (18), for instance, has questioned the reliability of data
obtained by asking anglers for the "quantities" of outdoor recreation

which they would purchase, given a series of prices. This criticism might be raised in regard to the above method of obtaining data

on success-effort relationships. It is probably true that some anglers have very little idea of their angling success when the unit of

measurement is "pounds per hour", as it was on the mail questionnaire. On the other hand, "clams per day" and "number of trips

per salmon" would seem to be readily understandable. Even if the
units of measurement may be somewhat confusing and the hypotheti-

cal situations somewhat abstract, the various distance-income
stratifications should be equally affected. While the absolute levels

of the estimated relationships may be questioned, comparisons between groups should be largely unaffected.

This tends to support

the hypothesis that success elasticities increase with distance and
income.

Another claim is usually made to the effect that responses to
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this type of direct questioning are often overstated. Consumers

might indicate, for instance, that they would purchase more of a
commodity at some very low price than they would actually purchase.

This is perhaps true. In the success-effort questioning, however,
many anglers indicated that they would fish the same number of days

at Yaquina Bay regardless of the level of success. This occurred
among salmon anglers, who as a group were demonstrated to be re-

sponsive to success changes by the time-series analysis, as well as
for the more casual clam diggers and bottomfish anglers. These

responses indicate that either (a) some overriding quality considerations would more than atone for any reduction in success, or (b)

an understatement bias exists in the responses. While the first
possibility cannot be immediately ruled out, it is argued that the

latter possibility is more relevant. Approximately ten personal
interviews were conducted with anglers in a field test of the ques-

tionnaires prior to mailing to all anglers. Several of these anglers
stated that persons who indicated no response at all to large changes
in success were "just kidding themselves". It may have involved

less mental effort for mail respondents to give the same answer to
all hypothetical levels of success than it would have to introspect

sufficiently to give more realistic answers. While the field test
sample was small and the degree of introspection required may have

been asking too much of the mail respondents, there seems to be a
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fairly strong argument that the responses were subject to an understatement bias.
One should be wary of blindly accepting the responses to direct

questioning, but the credibility of the results has to be judged relative to other methods of estimation. Short-run and long-run time-

series data as well as cross-sectional data were used in this study,
and observed actions as well as intended actions were recorded. A
comparison of results is thus in order at this point.
Comparisons of Success Elasticity Estimates
The estimates of success elasticities which have been made

in this chapter form a general pattern which corresponds to the

empirical nature of price elasticity estimates (Table 17). As with
adjustments to price changes, adjustments by anglers to changes in
success are evidently distributed over a period of time.

The short-

run elasticities ranged from .09 (bottomfishing) to . 584 (salmon

angling), while the only time-series estimate of a long-run elasticity
was . 999 (salmon angling).

The cross-sectional estimates, which

were taken to represent long-run elasticities because respondents
were asked about fishing during the past year, ranged generally
from . 52 to 1.18.

The short-run success elasticity for bottomfish angling was

estimated at . 09, while the cross-sectional estimates for this type

.

999 (Yearly)

090 (Daily,

No estimates
could be made

Clam:

No estimates
could be made

No estimates
during Winter) could be made

375 (Daily)
584 (Weekly)

Bottomfish:

Salmon:

Time-Series Data
Short- run
Long-run

76

.

.

93
88

.66
.95
.66

.

.52

80

.

54

.97

1.07

.

1.18

0
0

(Zone 1, > $6,000)
(Zones 2-6, < $6, 000)
(Zones 2-6, > $6, 000)

(Zone 1, < $6, 000)

(Zone 1, <$8,000)
(Zone 1, > $8,000)
(Zones 2-3, < $8, 000)
(Zones 2-3, > $8,000)
(Zones 4-6, < $8,000)
(Zones 4-6, > $8,000)

(Zone 1, < $8,000)
(Zone 1,
$8,000)
(Zones 2-6, <$8,000)
(Zones 2-6, > $8, 000)

Cross-Sectional Data
(Hypothetical Situations)

based on mean levels of actual or hypothetical success.

Table 17. Summary of estimates: elasticity of angler effort with respect to changes in success,
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of fishing ranged from . 66 to 1. 18.

The elasticity estimates for

salmon angling also increased in magnitude with longer time periods.

These elasticities, estimated with time-series data, were . 375 and
584 for the short-run and . 999 for the long-run. The only elasticity

estimates for clamming were made through cross-sectional data be-

cause time-series data were not available. These estimates, taken

to represent long-run elasticities, ranged from . 54 to 1. 07. All of
the above estimates were based on mean values of the success variables, and would be somewhat different for other levels of success.

Several questions arise when the estimates are compared. The

first is, "Why are the cross-sectional estimates smaller than the
long-run time-series estimates for salmon angling?". It has been
argued that both relate to a long-run adjustment, thus one might ex-

pect the estimates to be quite similar. The time-series estimate
(. 999), however, was larger than any of the cross-sectional esti mates (zero to

.

76).

This reinforces the previous argument that the

cross-sectional estimates were subject to an understatement bias.

It was demonstrated with time-series regression models that salmon

anglers are responsive to changes in success; therefore, this casts
suspicion on the cross-sectional estimates of zero elasticity for
Zone 1 anglers. (It should be recalled that coefficients for the suc-

cess variables in these equations were not significantly different
from zero. ) This also makes one suspicious of the cross-sectional
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estimates for the other fisheries. It is argued that these estimates
are also understated, but that the extent of the bias cannot be determined with available data.

Another question would be, "Why are the cross-sectional estimates for bottomfish angling generally larger than those for salmon
angling, while the opposite results were obtained with short-run time-

series data?". Although the former relate to long-run adjustments
while the latter relate to the short-run, one might have expected
more consistent results. One answer to this question might be based
on different levels of angler knowledge with regard to success changes. Off-shore salmon success at Newport and numerous other salmon

fisheries is reported weekly by the Oregon Game Commission and

released by press, radio, and television. There is much less news
coverage of bottomfishing success because these species are con-

sidered to be relatively less important as game fish. Consequently,
salmon anglers generally possess more knowledge of current and
prospective success than bottomfish anglers. This could contribute

to a larger short-run elasticity for salmon angling. This argument
still does not explain the larger cross-sectional (long-run) estimates
for bottomfish angling because the levels of angler knowledge should

have been equalized by using the mail questionnaire with its hypo-

thetical levels of success. One possible explanation might be that
respondents to the mail questionnaire were not sufficiently aware
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of the possibility of substituting alternative fisheries. Although

they were informed that success at all other fisheries was assumed
to remain the same as last year, the wording of the questionnaire
may have influenced them to consider angling at Yaquina Bay in iso-

lation, rather than in conjunction with substitute fisheries. If this
were the situation, respondents would have essentially been choosing between angling at Yaquina Bay and some form of non-angling

leisure or possibly even additional labor. A composite preference
for salmon angling as a more desirable type of sports angling might
have been manifested in the maintenance of certain levels of salmon

angling effort regardless of the level of success. Reductions in
bottomfishing and clam digging success, however, might have caused

respondents to be less willing to devote time to these fisheries and
more willing to substitute some form of non-angling leisure or work.

This would have resulted in larger estimates of success elasticity
for bottomfish angling and clam digging relative to salmon angling.

It is argued that to a certain extent, this type of misunderstanding
did exist. It is further argued that the composite preference of

sports anglers is for salmon angling rather than bottomfish angling
or clam digging, with support for this argument coming from the
larger relative amount of effort devoted to salmon angling on a

statewide basis. Had the possibility of substituting other fisheries
been explicitly stated in the questionnaire, larger elasticity
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estimates might have resulted, especially for salmon angling. In
fact, the uniqueness of the Yaquina Bay bottomfish and clam re-

sources might have resulted in a relatively more inelastic successeffort relationship than for Newport salmon angling, because there

are more numerous substitutes for the latter fishery.
From the above discussion, a decision can be reached with

regard to the "best estimates" of the success elasticity for each
fishery.

These estimates should relate to the long-run, as it has

been argued that the long-run adjustment would be most indicative

of the total response to success changes caused by water pollution.

Although there is reason to believe that the cross-sectional

elasticities were understated, there is little alternative but to
accept these estimates for clamming and bottomfishing.

No time-

series estimates were made for clamming, and the only estimate
from time-series data for bottomfishing (. 09) was definitely a shortrun response. For the salmon fishery, however, both long-run

time-series and cross-sectional estimates were made. Due to the
downward bias in the cross-sectional data, the long-run time-series
estimate (. 999) is the best available estimate for this fishery.
In the next chapter, the methodology of this and the previous

chapter is applied in estimating the direct benefits from investment
in a hypothetical water pollution control alternative at Yaquina Bay.

124

VI.

ESTIMATION OF DIRECT BENEFITS FROM
A HYPOTHETICAL WATER POLLUTION
CONTROL ALTERNATIVE

By virtue of the methodology developed in the two previous

chapters, it now becomes possible to evaluate the direct benefits
from investment in water pollution control facilities. In order to

carry out an evaluation for a particular pollution control alternative, determination must first be made of the probable reduction
in angler success which would occur in the absence of pollution con-

trol. Project biologists are currently attempting to determine these
reductions for each of thew,e.ste disposal alternatives at Yaquina Bay.

Although final determinations are not yet available, it should be of
value to illustrate the methodology by calculating the direct benefits

associated with some hypothetical pollution control alternative at
Yaquina Bay.

This example will illustrate the relationship between

the estimates of demand equations in Chapter IV and the estimates

of success elasticities in Chapter V.
The hypothetical example which is considered here assumes

that a 50 percent reduction in success would occur in all fisheries
in the absence of pollution control. This level of reduction is en-

tirely arbitrary, and it is quite likely that an actual pollution situation would not affect all fisheries to the same degree. Again, it is
emphasized that this judgment must come from biologists rather
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than economists. It is further assumed that the relevant success

elasticities would be those selected as the "best" empirical estimates in the last section of the preceding chapter. These would be
the cross-sectional estimates for clamming and bottomfish angling
and the long-run time-series estimate for salmon angling (Table 17).
Examination of a Critical Assumption

Before proceeding with the example, it is necessary that a
critical assumption be examined.

This assumption is that angler

response to pollution-induced success changes would be the same

as the response to success changes caused by any other factor. The
assumption is necessary, but somewhat difficult to justify on strictly
a priori grounds. One part of the assumption concerns knowledge of

facts, another part has to do with angler rationality. The problem
is complicated by the variability in physical effects associated with
different types of water pollution. Some types of water pollution may

not only kill fish but may also reduce the edibility of surviving fish.
Toxic substances which are present in some types of effluent may

be injurious or even lethal to persons who eat the fish. Other types

of water pollution may cause none of these effects. A series of
waste discharges may lower the oxygen content of the water to such

an extent that some fish are killed, yet the surviving fish may be
perfectly edible.
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The effects of water pollution may also be manifested in vari-

ous sub-lethal effects such as decreased swimming, feeding, and
reproductive capabilities of the fish population. The investigations
of Warren and Doudoroff (74, 78) have revealed the importance of

sub-lethal effects. The vital nature of these effects is readily apparent. If water pollution should reduce the swimming capability

of a fighting game fish, the thrill of the catch would no doubt diminish.

The above are elements of the assumption which refer to knowledge of facts. Biologists are able to make some judgments on the

physical effects of pollution, although the state of knowledge with

regard to sub-lethal effects is admittedly deficient.
If the physical effects of pollution are known with certainty by

anglers, then the assumption of rationality becomes relevant and

critical. If the physical effects are uncertain, as in the case of

possible toxicity, then perhaps it is "rational" for anglers to abandon the fishery. The example presented in this chapter assumes

that the effects of water pollution are non-injurious to humans, do
not affect the edibility or swimming capability of the fish, are known

with certainty by anglers, and that the change in success is treated
in the same manner as a success change due to any other cause.
The propriety of these assumptions in actual application of the
methodology must be judged on the validity of all of the elements.
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If the first three elements are satisfied, it is argued that the fourth,
angler rationality, would also be satisfied.
Use of the Success Elasticities to Derive Reduced
Quantity Values for the Demand Models

The first step in estimating direct benefits from the hypothet-

ical pollution control alternative was to calculate the success elasticities associated with each of the revised levels of success.
This was necessary because the value of an elasticity depends upon
the point on the function at which it is calculated. (The elasticity

estimates presented earlier were based on approximate mean values
of the success variables. )

The success elasticities at the reduced levels of success are
shown in Table 18.

The revised estimates were quite similar to

the original estimates, although most were slightly more elastic
26Bottomfish anglers in the field survey at Yaquina Bay caught
3, 372 pounds of fish in 5, 086 angler hours for an average of . 66

pounds per angler hour. Bay salmon anglers caught 92 salmon in
419 angler trips for an average of . 22 salmon per angler trip. (Only
those anglers who fished in the bay for two hours or more were considered to have made an "angler trip". ) Sixty clam digging parties
which had completed their digging averaged 19. 83 clams per person
per day, with 95 percent confidence limits of ± 2. 87 clams. Fifty
percent reductions in success would thus result in revised success
levels of .33 pounds of bottomfish per angler hour, 11 salmon per
angler trip, and 9.92 clams per person per day. Success elasticities
were calculated from second degree polynomial equations (Table 16)
only if the t-value of the squared success variable approached or surpassed the . 05 significance level. This criterion was applicable for
four distance-income stratifications in the clam and bottomfish fisheries.
.
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because of the lower level of success. As with the elasticities

computed at the mean values of success, the revised elasticities
followed a pattern which generally increased with distance and income.

Given the 50 percent reductions in success and the elasticity

estimates calculated at the reduced success levels, the percentage
reduction in total angler days for any distance-income category
would simply be the product of these two factors (Table 18). For

example, the 50 percent reduction in success, together with the . 81
success elasticity of Zone 1 bottomfish anglers (incomes of less
than $8, 000), would result in a 40. 5 percent reduction in angler

days for this category. In essence, this introduced a "shift" in the
original demand schedule. Moreover, this was a non-parallel shift

for clam digging and bottomfish angling because the reductions var-

ied among zones and income classes. To determine the empirical

magnitude of this shift, the appropriate percentage reduction in effort was applied to each value of the quantity variable in the original
demand models.

The original and revised values for each observa-

tion are shown in Table 19.

The magnitude of the reduction in the quantity variable was

thus dependent upon its original value as well as the percentage reduction in effort. For some of the Zone 1 observations, the abso-

lute values of the reduction were quite large. The 73. 5 percent

Salmon:

Clams:

Bottornfish:
56
90

8, 000
8, 000
8, 000
> 8, 000

<

all

all

6,000

6, 000

6,000

< $6, 000

94

.

993

1.03

.

1.47
1.15

1. 17
1. 30

.

.

.92

8,000
<
>
<

.81

Level of Success

< $8, 000

Income

2-6
2-6

1

1

4, 5, 6
4, 5, 6

2, 3
2, 3

1

1

Zone

at Reduced

Success Elasticity

49. 6%

51.5

47. 0

57.5

73. 5%

28. 0
45, 0
58. 5
65. 0

40.5
46.0

Percent Reduction
in Angler Days
per 10, 000

Table 18. Success elasticities evaluated at 50 percent reductions in success, with corresponding
percentage reductions in angler days per 10, 000 population.
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Table 19. Values of the quantity variable for original levels of

angler success and for a fifty percent reduction in
angler success.

Zone

Bottom-

fish

1
1
1
1
1

1

2-6
2-6
2-6
2-6
2-6
2-6
Salmon

1

1
1

1

>10, 000

<$2, 000
2, 000-3, 999
4, 000-5, 999
6, 000-7, 999
8,000-9, 999
>10, 000

<$4, 000
4, 000-5, 999
6, 000-7, 999
8, 000-9, 999

1

>10, 000

2
2

4$6, 000

3-6
3-6
3-6
3-6
3-6
Clams

Income
<$2, 000
2, 000-3, 999
4, 000-5, 999
6, 000-7, 999
8, 000-9, 999

1
1

1
1

2-6
2-6

>$6, 000
<$4, 000
4, 000-5, 999
6, 000-7, 999

8,000-9,999
)10, 000
L$2, 000

2, 000-3, 999
4, 000-5, 999
>$6, 000
$6, 000
>$6, 000

Angler Days per 10, 000 Population
Original Success Reduced Success
3, 125
4, 966
3, 944
2, 426
3, 489
1, 353

1, 860
2, 956
2, 347

78

46
67
64
110

104
105
184
161
66

292
745
2, 431

2, 897
1, 979
227
395

1,443
1, 884
731

71

30

147
375

1, 224

1,459
998
114
199

9

5

33
35

17
18
26
31

51
62

1, 809
1, 826
563
882

480
483
149
374

14

7

24

12
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reduction in effort by Zone 1 clam diggers (incomes of less than

$6, 000), for example, implies a decrease from 1, 809 to 480 angler
days per 10, 000 population. Total usage by zone for the original and

reduced levels of success is shown in Table 20. It is evident from

this table that larger success elasticities would result in relatively
larger reductions in effort.
Estimation of the Revised Demand Models

Demand equations were estimated for each fishery, using the

revised values of the quantity variable and the original values of
price and income variables. This can be justified on the grounds
that the decreased level of angler success would not affect price or

income characteristics of anglers, but would affect the relative number of anglers who would use the fishery.
The revised demand equation for the bottomfish fishery was
(6-1)

lnY = 7.86893 - .68738X1
(. 07142)
(R2

where

**

=

.

+ .12287X3 - .01341 X3
(. 12356)

2

(. 00721)

931")

in Y= natural logarithm of angler days per 10, 000
population,
X1 = mean price per participant day,
X3 = mean family income.

As anticipated, the revised demand equation was quite similar to
the original demand equation (4-11). The price variable was again

(Total)
2, 755
2, 915
(5, 670)

(9, 575

Clams:
Zone 1
Zones 2-6
(Total)

5, 162

Zones 2-3
Zones 4-6

2,965
1,447

(27, 398)

(Total)

Salmon:
Zone 1

8, 524
18, 874

Original Success

(2, 318)

1,462

856

2, 599
(4, 821)

729

1,493

(15, 728)

5, 007
10, 721

Reduction in Success

Fifty Percent

Yearly Angler Days

68. 93
49. 85
(59. 12)

49. 64
(49. 64)

49.65
49.62

41. 26
43. 20
(42. 60)

in
Total Usage

Percent Reduction

Total angler days, by zone, for original and reduced levels of angler success.

Zone 1
Zones 2-6

Bottomfish:

Table 20.
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highly significant, and the R value was slightly larger than in the
original model. The relationship between quantity and income was

estimated as a second degree polynomial, negatively accelerated,
although neither coefficient was significantly different from zero.

The t-values for these coefficients were approximately the same as
in the original demand equation. The values of the partial regres-

sion coefficients were also similar to those originally estimated,
although the value of the intercept (lnb 0) decreased from 8. 32341
to 7. 86893.

This indicates that the demand curve essentially

"shifted", rather than changed shape.
The revised demand equation for the salmon fishery was

(6-2) lnY = 4.94486 - 69152 X1** + . 52347X3

**

.

(R2

=

956')

.

(. 05657)

(. 10242)

-

02185
X3
(. 00481)

2**

.

The values of the partial regression coefficients, standard errors,
and R2 were very similar to those of the original demand model

The value of the intercept (lnb0 ) decreased from

(equation 4-15).

5. 59954 to 4. 94486, indicating that this demand curve also shifted

to the left.
The revised demand equation for clamming was
(6-3)

../

lnY = 6.81624 - 1.05283X1 - .10701X3.
(.41273)
(R2=

.

(. 15683)

722)

Values of the partial regression coefficients, standard errors, and
R2were quite similar to those in the original model (equation 4-19),
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although the new coefficient for the income variable had an even

smaller t-value. As in the original model, neither regression coefficient was significantly different from zero. The value of the
intercept ( lnbo) decreased from 8. 28347 to 6. 81624, indicating that

this function also shifted to the left.

The revised demand equations were then used to derive price-

quantity relationships for a series of hypothetical price increases.
Estimates of total angler days were derived for each income subzone observation, and consequently for each fishery, by increasing
the value of the price variable while holding the income variable

constant at its mean. 27These estimates, along with the corresponding monopoly revenues, are shown in Table 21. The estimates

of total angler days and total revenue from the original demand mod-

els are listed for comparative purposes.
Determination of the Direct Benefit Stream

Given the 50 percent reductions in success, revenues could
still be maximized by charging $1. 50 per angler day for salmon and
bottomfish angling, and $1. 00 per day for clam digging.

The

27Predictions of clamming usage were again made by geographic zone rather than income sub-zone, since the resulting prediction of total usage at zero increase in price was much closer to
the actual level of usage.

Angler Days
Revenue
Angler Days
Revenue

Clams:

(9. 92/day)

(19. 83/day)

(. 11/trip)

Angler Days
Revenue
Angler Days
Revenue

Salmon
(.22 /trip)

1, 839

2, 609

2, 193

$ 5,075
3, 098

$ 3, 602

1, 547

$

816 $

741

926

962

962 $

$ 1, 998
939 $

1, 252

1, 998

620

$1, 240

$ 1, 670

2, 558
$5, L16

$14,476

7, 238

$2.00

1, 113

$ 1, 842 $2, 324 $ 2, 609 $2, 741 $ 2, 758 $2, 707

3, 683

3, 589

$ 5,383

5, 075

7, 204

3, 592
$ 1, 796
1, 632
2, 767

6,446

5, 204

821

2, 318

$1. 75

4, 860
11,476
$ 5, 738 $7, 248 $ 8, 139 $8, 576.$ 8, 655 $8, 505

10, 236

670

$1. 50

10, 244
$15, 366
5, 770
6, 861

$1.25

16,186

14, 332
$14, 332
9, 664
8, 139

$1. 00

20, 207
$10, 103

$. 75

28, 372

9, 574

Fishery (Success Level)
(actual)
Bottomfish: Angler Days 27, 398
(.66 lbs/hr.) Revenue
Angler Days 15, 728
(.33 lbs/hr.) Revenue

Increase in Price

Table 21. Estimated usage and monopoly revenues for original success levels and fifty percent
reductions in success.
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maximum attainable revenue, however, would have decreased from
$15, 366 to $8, 655 in the bottomfish fishery, from $5, 383 to $2, 758

in the salmon fishery, and from $1, 998 to $962 for clamming.

The

sum of the maximum attainable revenues at the reduced level of success would be $12, 375, as compared to the maximum revenue of

$22, 747 at the original success levels. This difference in net revenues ($10, 372) thus affords one estimate of the yearly direct bene-

fits resulting from the waste control alternative. Without this degree of waste control, the reduction in angler success would have
caused a reduction of this magnitude in yearly net economic value

of the fisheries.
The net economic value of the aggregate Yaquina Bay fishery

is expected to become larger, however, with secular increases in
population and income.

Projections in Chapter IV indicated an ex-

pected increase in net economic value, or maximum attainable revenues, of 24. 8 percent between 1964 and 1975.

The stream of direct

benefits is dependent upon the original net value of the fishery as well

as the reductions in success and effort; thus, it is anticipated that
the yearly direct benefit stream would also increase in size. In
order to estimate the secular growth in direct benefits, population
and income estimates for 1975 were used in conjunction with the

revised demand equations to generate comparable usage projections
for 1964 and 1975. Estimates of total angler days and monopoly
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revenues for each fishery were made with the same price, income,
and population data which were used in the previous estimates for
1964 and 1975 (Table 11).

The only difference was that the revised

demand equations were used in these calculations. The use of these

equations implies that the 50 percent reductions in success will continue in effect through 1975.

The differential effects of secular income and population growth

on the stream of direct benefits from each fishery are evident in
Table 22.

Due to population growth and a positive income elastic-

ity, the yearly direct benefit stream for the salmon fishery is projected to increase from $3, 360 in 1964 to $5, 396 in 1975. This

amounts to an increase of 5. 51 percent per year. The yearly benefit stream from the bottomfish fishery should grow from $7, 511 in
1964 to $8, 788 in 1975 for an increase of 1. 55 percent per year.

Although a negative income elasticity was estimated for bottomfish
angling, population growth should be sufficient to cause a net in-

crease in the yearly stream of direct benefits from this fishery.
The benefit stream from pollution control for the clamming

activity would become smaller, given the projected increases in
population and income. The yearly stream of direct benefits should

decline from $969 in 1964 to $912 in 1975 for a yearly decrease of
0. 54 percent.

The negative income elasticity appears to be suffi-

cient to ctverride the projected population increase and cause the

+$2, 036

+1. 55%

+5. 51%

+$1, 277

Change in Yearly Stream of
Direct Benefits

$5, 396

(Percentage Change, on
Yearly Basis)

$ 8, 788

Direct Benefits

5, 660

(+60. 6%)

10, 414

Reduced Success

$11,056

$3, 360

3, 564

$6, 924

Salmon Angling

(Percent of 1964 Direct Benefits) (+17%)

$19, 202

1975: Original Success

$ 7, 511

9, 436

Reduced Success

Direct Benefits

$16, 947

1964: Original Success

Bottomfishing

969

-$57

912

-0. 54%

(-5. 9%)

$

1, 017

$1, 929

$

947

$1, 916

Clam Digging

Total

+2. 50%

(+27. 5%)

+$3, 256

$15, 096

17, 091

$32, 187

$11,840

13, 947

$25, 787

levels of direct benefits of the hypothetical water pollution control alternative.

Table 22. Projected levels of maximum attainable monopoly revenues, 1964-1975, with corresponding
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stream of direct benefits to become smaller over time.
Considering the aggregate Yaquina Bay sports fishery, the

yearly stream of direct benefits resulting from the hypothetical
water pollution control alternative is projected to increase from
$11, 840 in 1964 to $15, 096 in 1975. 28 The benefit stream thus

promises to increase by 2. 50 percent per year, due largely to the
projected growth of the salmon fishery. As in the demand projec-

tions of Chapter IV, one must assume that all variables not in the
demand model will remain constant over time. Specifically, the

level of angler success at alternative fisheries must remain unchanged relative to Yaquina Bay fisheries if the projections are to

be at all accurate.
An Alternative Interpretation of Direct Benefits
As mentioned previously, Castle and Brown (9) have discussed

interpretation of outdoor recreation demand curves and have argued

that the measurement of consumer surplus is more appropriate for

incremental adjustments than for valuations of a "total" nature. The
above reductions in usage are incremental adjustments; thus, it is
28This estimate of direct benefits in 1964 ($11, 840) is slightly
larger than the estimate made earlier in the chapter ($10, 372) as a
result of making projections on a geographic zone rather than income
sub-zone basis. The latter figure is a more accurate estimate of
the absolute magnitude of the direct benefits.

140

also possible to consider the direct benefits as a form of consumer
surplus which would result from the prevention of water pollution
(10).

This interpretation is illustrated in Figure 8. Demand curve

D0 represents the price-quantity relationship which has been esti-

mated for a particular sports fishery, for example, the bottomfish
fishery at Yaquina Bay. It has been estimated that 28, 372 angler

days would be taken at zero increase in price, or at the sample
values of the price variable. It may be analogously stated that anglers would "supply" themselves with 28, 372 angler days at this level
of price. This is represented by the

S0

supply function. If the level

of angler success should be reduced by water pollution, however,
anglers would be willing to supply themselves with some lesser
quantity of angler days.

The use of the success elasticity estimates

and the revised demand equations have enabled a determination of

how much less they would be willing to supply to themselves. At the
same zero level of price increase, they would demand only 16, 186
angler days. This is represented by the S1 supply function and the
DI demand function.

If these 16, 186 angler days had to be rationed

by price among those anglers for whom the original Do demand func-

tion was estimated, an equilibrium price of approximately $. 78 per
angler day would result. If this leftward shift of the supply function
could be avoided by the prevention of water pollution, the extent of

social gain or consumer surplus would be the shaded area in Figure 8.
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$4.00
$3. 00
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5,000 10,000 15,000 20,000 25,000 30,000

Total Angler Days

Figure 8. Consumer surplus arising from the control
of water pollution in the bottomfish fishery.

An objection to this interpretation might be that the equilibrium
price ($. 78) would not actually be attained because the demand func-

tion would also shift to the left (D1) with a reduction in success.

While this is true, the fact remains that the Do demand curve for
the fishery would exist if the original level of success could be maintained. Viewed in this manner, the importance of the revised demand

equation is that it enables an empirical determination of the leftward
shift of the supply function.

The direct benefits of the hypothetical pollution control alternative were evaluated by integration to determine the magnitude of

the shaded areas, as in Figure 8.

29
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The similarity of results be-

tween the two methods of estimation is evident in Table 23. Direct

benefits were estimated to be $10, 372 by determining the difference

in revenues of a hypothetical non-discriminating monopolist, and
$8, 883 by integrating the shaded area to determine the extent of

social gain or consumer surplus. The latter method placed lower
values on the benefits from bottomfish and salmon fisheries, but
placed a slightly higher value on the benefits from clamming.
Table 23. Estimation of yearly direct benefits by two alternative
methods.

Fishery

Bottomfish

Reduction in maximum
revenues of a nondiscriminating monopolist

Integration of
consumer
surplus

$6, 711

$5, 279

Salmon

2, 625

2, 386

Clam

1, 036

1, 218

(Total)

29

($8, 883)

($10, 372)

bQ

ons of the form (P=b0 e1) were estiExponential functions

mated with the price-quantity data in Table 10 on estimated total
usage for each fishery. These functions were integrated between
(a) the estimated quantity which would be taken at zero increase in
price with the decreased level of success, and (b) the estimated
quantity which would be taken at zero increase in price with the
original level of success.
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The two methods also yielded comparable results when the

changes in direct benefit streams were evaluated for the 1964-1975
period (Table 24). Integration of the consumer surplus produced

an estimated yearly increase of 2. 62 percent in direct benefits for
the total fishery, while the non-discriminating monopolist method
produced an estimated yearly increase of 2. 50 percent. Relative

changes for each of the three fisheries were also quite comparable.

It appears, at least in this example, that the magnitudes of the
empirical estimates are not highly dependent upon the interpreta-

tion of direct benefits.

+3, 256
+2. 50%

912

-57
-0. 54%

5,396
+2, 036
+5. 51%

8, 788

+1, 277

1975

Yearly Percentage Change +1. 55%

13, 335

+2,987
+2.62%

1, 005

-115

-0.93%

4, 981

+1,888
+5.55%

7, 349

+1,214

1975

Yearly Percentage Change +1. 80%

Change

$10, 348
$1, 120

$3, 093

$6, 135

Integration of
Consumer Surplus
1964

Change

15,096

$969

Non-Discriminating
Monopolist

$3,360

$11,840

Total

$7, 511

Clam

Salmon

1964

Bottomfish

Table 24. Estimation of changes in direct benefit streams, 1964 and 1975, by two alternative
methods.
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VII. SUMMARY AND CONCLUSIONS

Summary

The application of benefit-cost analysis to investment in water
pollution control facilities has been retarded by a lack of methodology
with which to evaluate the direct economic benefits of such invest-

ment. An effort was made in this dissertation to develop theory and
methodology for estimating direct benefits of recreational values associated with sport fisheries. The context within which the methodology was presented was an inter-disciplinary research project
involving alternative systems of pulp mill waste disposal at Yaquina
Bay, Oregon. Biologists, economists, and engineers are currently

attempting to assess the costs, direct benefits, and secondary benefits of each alternative.
The evaluation of recreational benefits as related to water
quality changes involved consideration of a "quality variable". For

sports angling, the quality variable was defined in terms of "angler

success" per unit of effort. This characteristic was taken to be
representative of the quality of the recreational experience for the
angler. A theory of angler demand behavior was developed with

special reference to the quality variable, and two types of aggregate
behavioral relationships were hypothesized.

The first was the con-

ventional price-quantity relationship, or demand function. The
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second related the level of angler success to the aggregate quantity

of sports angling at a particular fishery. This relationship was
called a behavioral "success-effort" function.
The theory of angler demand behavior was supplemented by a

theory of the biological relationship between angler success and angler effort. A biological production function was envisioned between
angler effort (an input) and angler yield (an output). The marginal

product of the production function was termed a biological "success"

function, and was assumed to be perfectly elastic with respect to the
level of angler effort at Yaquina Bay. The biological "success"

function and the behavioral "success-effort" function were hypothe-

sized as jointly determining equilibrium levels of success and effort

in a particular fishery.
Water quality was introduced into the model by virtue of its
effect on the biological production function, and therefore on the
biological "success" function. It was hypothesized that a reduction

in water quality would lower the biological "success" function and

cause a new level of equilibrium effort in the fishery. The effect
of water pollution would be reflected in a leftward "shift" of the

demand function for the fishery, causing a decrease in its value as

a recreational resource.
Empirical estimations of the demand, "success-effort", and
biological "success" functions were made through a yield and
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expenditure survey at Yaquina Bay, a postcard survey on expendi-

tures and a mail questionnaire regarding hypothetical success-effort
situations. Four major sport fisheries were identified for the bay,

and cross-sectional demand models estimated for three. The quantity of days taken was estimated as a function of variable costs per
participant day and family income. A distance variable had to be
deleted because of multicollinearity with the price variable.

From the demand equations, it was possible to generate esti-

mates of the level of usage at a series of alternative prices. These
estimates were used to determine the maximum attainable revenue
of a hypothetical monopolistic owner of the resource.

These esti-

mates of maximum revenue (and associated prices) for the bottom-

fish, clam, and salmon fisheries were $15, 366 ($1. 50 per day),
$1, 998 ($1.00 per day), and $5, 383 ($1. 50 per day) respectively.
The sum of the maximum attainable revenues was $22, 747. This

represents an estimate of the yearly net economic value of the three
Yaquina Bay sports fisheries.
Estimation of the demand functions also facilitated estimates

of the income elasticities associated with each sports fishery. The
clam and bottomfish fisheries were characterized by negative income elasticities (-. 038 and -. 144 respectively) when evaluated at
the sample means, while a positive income elasticity (. 258) was

estimated for salmon angling. A second degree polynomial
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relationship between quantity and income in the bottomfish and salmon

demand functions made it possible to determine the change in income

elasticities over a range of income. Bottomfish angling at Yaquina
Bay was estimated to have a negative income elasticity at income

levels over $5, 165, while salmon angling was characterized by a
positive income elasticity at income levels up to $12, 004.

These differences in income characteristics were quite important when demand projections were made for 1975.

Per capita

usage levels were projected to decline for the clam and bottomfish

fisheries, and increase substantially in the salmon fishery. Assuming no increase in the price variable, the increase in total usage of
the salmon fishery between 1964 and 1975 was projected to be much

greater (59. 6 percent) than the increase in the clam (0. 6 percent)
or bottomfish (13. 2 percent) fisheries. The net economic value of

the total sports fishery was projected to increase 24. 8 percent during this period, or about 2. 25 percent per year.

Both short and long-run time-series data were used to estimate the elasticity of angler effort with respect to success, and

cross-sectional differences in success elasticities were investigated
through a mail questionnaire. The cross-sectional and time-series

estimates formed a general pattern which corresponds to the em-

pirical nature of price elasticity estimates. The cross-sectional
and long-run time-series estimates were generally larger than the
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short-run time-series estimates, indicating that angler adjustments
to success changes are distributed over a period of time.
Multiple regression models estimated with time-series data
revealed that salmon anglers are considerably more responsive to

The latter fishery seems

success changes than bottomfish anglers.

to be a more casual type of sports angling, with effort determined
largely by the distribution of leisure and Willamette Valley temper-

atures. Salmon angling effort was less dependent on these factors
and more dependent on current salmon angling success and "bar"
crossing conditions. The short-run success elasticity for salmon

angling was estimated at

.

375

with daily data and .

584

with weekly

data, while none of the models which attempted to explain variations
in bottomfishing effort indicated that bottomfishing success was a

significant factor. A success elasticity of

.

09

was calculated from

one regression model in which the coefficient of the bottomfishing

success variable was slightly larger than its standard error. Some
substitution effects among fisheries were evident in both salmon and
bottomfish models.

Time-series regression analysis indicated that the long-run
success elasticity for salmon angling at Yaquina Bay may be approximately unity. An elasticity estimate of

Winchester Bay off-shore fishery for the

.

999

was obtained for the

1952-1964

period. Multi-

collinearity problems prevented similar estimation for the salmon
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fishery at the mouth of the Columbia River.

Responses to the hypothetical success-effort situations in the

mail questionnaire revealed that higher incomes and greater dis-

tances from the fishery were reflected in larger success elasticities.
The number of leisure alternatives within the anglers' budget con-

straints was evidently increased by higher incomes, while increased
distances broadened the number of alternative fisheries available

to the anglers. A linear relationship between success and effort was
estimated in most of the 14 cross-sectional stratifications, although
four of the regression equations revealed that a second degree polynomial gave a superior fit. When evaluated at the approximate means,

the success elasticities ranged from zero to . 76 for salmon anglers,
from .66 to 1.18 for bottomfish anglers, and from 54 to 1. 07 for
.

clam diggers.

It was argued that the cross-sectional estimates of the success
elasticities were subject to an understatement bias. This bias apparently resulted from two causes. First, the questionnaire posed
situations which were admittedly abstract and perhaps required
more introspection than most respondents were willing to undertake.

Second, the respondents may have been erroneously led to

believe that they were to consider Yaquina Bay in isolation rather
than in conjunction with other fisheries. This could have caused

them to ignore substitution possibilities.
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The use of the demand functions and success elasticities was

illustrated in Chapter VI to estimate the direct benefits of investment
in a hypothetical water pollution control alternative at Yaquina Bay.

It was assumed in this example that uncontrolled waste disposal into
the estuary would have lowered the biological "success" function by
50 percent in each fishery.

The elasticity estimates were re-evalu-

ated at the reduced levels of success, and appropriate reductions
were made from the values of the quantity variable in the original
demand models. The demand equations were then re-estimated

with the revised values of the quantity variable and original values
of the price and income variables.
The revised demand equations were used to determine maxi-

mum attainable revenues for each of the fisheries at the reduced
level of success. The differences in maximum revenues offered

one estimate of the direct benefits of the pollution control alternative. Maximum attainable revenues from the bottomfish fishery
were reduced from $15, 366 to $8, 655 per year, while the yearly
reductions in clam and salmon fisheries were from $1, 998 to $962
and $5, 383 to $2, 758, respectively. The aggregate difference in

maximum revenues amounted to $10, 372 per year. Projections for

1975 indicated that the benefit streams from the salmon and bottom-

fish fisheries should increase over time (5. 51 and 1. 55 percent per

year respectively). The benefit stream from clamming should
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decrease 0. 54 percent per year because of the negative income
elasticity associated with this activity. Considering the three fish-

eries together, the stream of direct benefits was projected to increase 2. 50 percent per year between 1964 and 1975.

An alternative method of evaluating direct benefits also pro-

duced similar results. The consumer surplus which would result
from the prevention of water pollution was identified as the area
under the original demand curve between the estimated levels of

usage at zero increase in price at (a) the original level of success,
and (b) the reduced level of success. Integration of the consumer

surplus yielded an estimate of yearly direct benefits for the total
fishery of $8, 883.

The rate of increase in the benefit stream be-

tween 1964 and 1975 was estimated at 2. 62 percent per year.
Conclusions

The conclusions which can be drawn from this dissertation fall
into two categories, (a) appraisal of the theory and methodology,
and (b) conclusions with regard to justifiable investment in water
pollution control.

Judgments on the latter depend upon the reliabil-

ity of the former, thus the methodology should be appraised first.
Milton Friedman (22) has stated that a theory should be judged

by its ability to predict, rather than by the relevance of its assumptions. While Friedman's argument is primarily in support of
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neo-classical price theory based on the competitive model, it
implies that the bio-economic model presented here should be ac-

cepted or rejected on its ability to predict. The particular estuary
used for study has not and probably will not be subjected to extensive

water pollution; consequently, empirical testing of the overall model

in this case is not practicable. Hence the model must be taken apart
and each component of the theory tested separately. In this context,

the specification of "angler success" as the quality variable seems
to be the crucial component.

The overall model was based on a principal hypothesis and a
key assumption with regard to the quality variable. First, it was

hypothesized that anglers are responsive to changes in angler success. Second, it was assumed that anglers would consider changes

in success caused by pollution in the same manner as success changes caused by any other factor. An effort was made to test the hypothesis, but the assumption could only be discussed. Necessary
conditions were specified which must exist if the assumption is to
be valid.

These conditions are that the effects of pollution are non-

injurious to humans and do not greatly affect the edibility or swimming capability of the fish. If these conditions are satisfied and

known with certainty by anglers, then the assumption reduces to
rationality on the part of anglers in treating pollution-induced

success changes in the same manner as any other type of success
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change.

In a real sense, then, the relevance of the assumptions

does affect the validity of the theory. The assumption that anglers
would consider pollution-induced success changes in the same man-

ner as success changes due to other factors is one which should be

explored further in future research in order to determine its validity.

The hypothesis that anglers are responsive to changes in the
quality variable can be given a qualified acceptance. Salmon an-

glers were demonstrated to be responsive to success changes, even
in models which considered day-to-day variations in effort. Bot-

toadish anglers, however, were seemingly quite non-responsive to
success changes. The responses to the hypothetical success-effort

situations indicated that the success elasticity would be increased
if the knowledge constraint could be removed.

This difference in relative knowledge of success levels indi-

cates that the time pattern and magnitude of the ultimate response
to a change in success due to pollution would vary directly with the

knowledge of the new success levels. A reduction in salmon angling
success due to water pollution would quickly be reflected in de-

creased usage of the fishery. The reaction to a decline in bottomfishing or clam digging success, however, would be much slower,
especially if the effects of pollution were not manifested in other

forms such as floating solids, foam, and air pollution.
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Existence of the knowledge constraint on success raises the

possibility that some other quality variable might be more relevant
for the clam and bottomfish fisheries. As mentioned previously,
this would involve measurement of an alternative variable.

The

units of measurement used in this study, "pounds of fish per hour",

"number of salmon per trip", and "number of clams per day" are
fairly objective and comparable. Many other indices of quality would
not be. It is important, however, that the idea of a quality variable

be applied to other forms of outdoor recreation. The quality of
camping, picnicking, and many other types of outdoor recreation

cannot be expressed in terms of "success"; thus, there exists a
need for additional research on other relevant quality variables.
The methodology developed here did not attempt to be comprehensive

for all outdoor recreation activities, but the idea of a quality variable is relevant and should be further explored.
The second category of conclusions is in regard to the magnitude of justifiable investment in water pollution control facilities.
These conclusions are in regard to both the hypothetical Yaquina

Bay alternative and investment in pollution control facilities in general. Considering first the hypothetical Yaquina Bay pollution con-

trol alternative, the validity of the estimates of direct benefits can
be questioned in two ways. First, how complete were the definitions

of economic use of the fisheries? Second, how accurate were the
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estimation procedures, given the definition of "users"?
Some actual uses of the estuary were excluded because of a
lack of sufficient data with which to estimate demand functions.
This would cause the estimate of yearly net economic value ($22,747)
to be biased downward.

The value of the cutthroat-steelhead fishery

could not be determined, nor could estimates be made of recreational

usage by sports crabbers, skin divers, and water skiers. These
four uses were relatively minor, and probably comparable in total
magnitude to the clamming activity. (As noted in Table 8, there

were 6, 606 angler days in clamming and 3, 110 angler days in the

cutthroat-steelhead fishery. ) The clamming activity was valued at
approximately $2, 000; therefore, the inclusion of the four other uses
might have added a comparable sum to the total estimate of value.

Two other categories of users were arbitrarily excluded from
the demand models in order to avoid biasing the sample data. The

judgment was made that anglers residing farther than 200 miles
from Newport did not make the trip solely to fish in Yaquina Bay.

Anglers whose primary purpose for being at the bay was other than
fishing or clam digging were also excluded. When the decision was

made to exclude these categories, it was realized that the allocation of all travel costs between their residence and Newport for all
other anglers would inevitably lead to an overstatement of true
value. It was quite possible that some anglers would have allocated
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a portion of their travel costs to some other activity, such as
sightseeing, had they been asked to do so.

The assumption was

consequently made that this overstatement of true value would approximately compensate for the understatement due to exclusion of
non-primary purpose anglers and those from more than ZOO miles
away.

Another category of recreational use which was not considered
was the attraction for non-anglers who enjoy driving along the estuary and watching anglers and the activity at the moorages. This
attraction is complemented by the existence of Yaquina State Park,

which overlooks part of the estuary and is used extensively by pic-

nickers and sightseers. This is a real use of the estuary which
would also decline if the bay were to be polluted. While a priori

estimation of this value would be quite hazardous, it is probably

less than the value of the estuary to sports anglers.
Another type of "use" which has been excluded provides a

more esoteric argument. The argument is analogous to the one
forwarded in behalf of the preservation of wilderness areas. If
given a choice, most non-users of Yaquina Bay would prefer that
the estuary remain unpolluted. These people might hope to visit

Yaquina Bay sometime in the future, or they might simply argue for

preservation on the basis of the irreversible nature of water pollution.

Some might admit that they will probably never visit Yaquina
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Bay, but that it would be "worth something" to know that a unique

natural resource was being preserved for future generations of users.
Whether this type of "demand" can, or should, fall within the realm
of economic measurement is debatable. The consideration, how-

ever, is real and should be recognized in the formulation of resource
policy.

The existence of the National Park System is evidence that

this type of consideration has been recognized in the past. Economic

efficiency is not sufficiently broad to serve as a general criterion

for all resource policy decisions; other criteria should and will be
considered. If the effects on economic efficiency of a particular de-

cision with respect to resource use can be specified, however, the
basis for public debate can more nearly be agreed upon. If it can
be shown that investment in water pollution control can be justified

on the basis of economic efficiency, there is less need to fall back

on the arguments of "unique resource", "irreversibility", and "future generations". Should benefit-cost analysis reveal that such
investment is not currently justifiable on the basis of economic ef-

ficiency alone, and some analyses may indicate this, it is quite
proper for decision makers to consider criteria other than economic
efficiency. If a pollution control project can be shown to be econom-

ic'hIly justifiable, however, this is not necessarily a sufficient con-

dition for investment. Optimum resource use involves considerations other than those of an economic nature; no single discipline

159

is sufficiently broad to define "optimum use" in terms of its criteria
alone.

The second question concerning the validity of the estimates

for the hypothetical Yaquina Bay alternative concerns the accuracy
of the estimating methods, as opposed to the definition of what does

or does not constitute "value". It was recognized in Chapter IV that

the price variable was probably understated for most observations
because data were not available on expenditures made enroute and
prior to leaving home. Unfortunately, the extent of this understate-

ment is impossible to determine. The increase in the true net value

of the resource due to this understatement is thus highly speculative.

The accuracy of the success elasticity estimates was hampered

by the probable understatement of the cross-sectional elasticities
obtained through the mail questionnaires. Again, the extent of bias
is unknown.

The importance of this and the price variable bias is

probably minor, however, in comparison to the assumption of angler rationality with regard to pollution-induced success changes.

Nevertheless, one must sometimes accept imperfect research results in order to correct imperfections in resource use.
Justifiable investment in the hypothetical Yaquina Bay pollu-

tion control alternative, in the sense of economic efficiency, can
be delineated with respect to the above discussion. The upper limit
to the direct benefits is in the neighborhood of $25, 000 per year.
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This limit would be relevant if anglers were to completely abandon
the fishery because of water pollution. The upper limit does not

take into account the demand for the resource by sightseers, or the
values of those who do not use the bay but would like to see it re-

main unpolluted. The lower limit to the direct benefits would be
more indicative of their actual level. This lower level was estimated at $8, 883 per year by evaluation of consumer surplus and at
$10, 372 per year by the change in maximum attainable monopoly
revenues. This limit would be understated to the extent that price

variables and success elasticities were understated. The probable
range of direct benefits, therefore, would be from $10, 000 to
$25, 000, with the actual level probably closer to the lower than the
upper limit. Although the range is broad, consideration of direct
benefits alone would exclude those pollution control alternatives with

yearly operating and maintenance costs in excess of $25, 000. Inclu-

sion of secondary benefits, however, could cause the upper limit

to be larger. The latter consideration might be especially relevant
if a system of cost-sharing were to be initiated between the polluter
and the local community.

Conclusions can also be drawn with regard to investment in

water pollution control in general, rather than for the hypothetical
Yaquina Bay situation. The methodology developed here should be

helpful in evaluating the direct benefits of this type of investment,
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although its usefulness must be judged within the context of, (a) the

various assumptions and requirements of the methodology, and (b)

the complex of goals and criteria involved in the total decision-making process.
One requirement of the methodology is the estimation of the

success reduction which would be associated with a particular system of waste disposal. Although biologists may be able to make a

reasonably accurate estimate of the probable reduction, their "best"
estimate can be viewed as the mean value of a probability distribution of estimates.

The same context is relevant for the estimation

of success elasticities and coefficients in the demand equations.

The validity of the assumption that anglers will react "rationally"
to pollution-induced success changes may also be viewed in a proba-

bilistic sense. The implication of these assertions is that the estimated range of direct benefits may be just as important as the estimated mean value. Formal probability theory provides some comfort to

the researcher, but subjective judgments on the probability distributions may be even more important in terms of the decision-making
framework.

Given the estimates of mean value and range of direct benefits,
a decision with regard to investment in water pollution control may
be shaped by a number of criteria and policy goals.

The decision

might be made on the basis of direct benefits alone, if a national
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viewpoint is taken, or on the basis of direct and secondary benefits

if a regional or community viewpoint is desired. A decision with

regard to the former criteria might be quite different from one based
on the latter. If so desired by the decision makers and their political

constituents, the decision might be based on criteria other than economic efficiency. In this context, the degree of irreversibility of a

particular decision may be a relevant consideration. To the extent
that water pollution is irreversible with regard to plant and animal
ecology, the recreational benefits might be considered in the form
of a capitalized value of all direct benefit streams which would otherwise be foregone.

30

The degree of irreversibility is, however, a

matter for biological rather than economic determination.
The proper role of the methodology developed here is thus

one of limiting the range of controversy regarding a particular use
of water resources rather than defining optimum use. The political
30The capitalized value of all future direct benefit streams
associated with the hypothetical pollution control alternative at
Yaquina Bay was calculated to illustrate this possibility. The sum
of the discounted foregone recreational values would be $244, 811
if capitalized at a six percent interest rate, or $633, 511 if capitalized at three percent. The formula for capitalization (52, p. 222)
was V = a/r + 1 r , where V = capitalized value, a = annual stream
of direct benefits ($10, 372), i = annual incremental increase in the
direct benefit stream (2. 5 percent of $10, 372), and r = interest
rate. The choice of an interest rate is essentially a normative
issue, depending upon whether data from the public or private sector should be used to reflect the time preference of society (10).
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economy of water resource use involves many considerations, although economic efficiency has historically been an important criterion.

To the extent that this methodology serves to define the impact

on economic efficiency, decisions on investment in water pollution
control can be made with greater understanding of the economic consequences.

Implications for Future Research
Several areas of research are suggested by the above conclusions. One area might involve application of the methodology to

evaluation of measures which are designed to increase angling success. Investment in hatcheries and fish ladders could be evaluated
within the conceptual framework of this study. It would be essential,

however, that the work be inter-disciplinary. A necessary condition
for use of the methodology is the determination, by biologists, of the
probable change in angling success which would be associated with

these investments. The idea of "success" as a quality variable could

also be applied to sports hunting, as well as sports angling. The
economic efficiency of investment designed to increase deer and elk

hunting success, for instance, could be evaluated within this framework.

Application of the idea of a quality variable to other forms of

outdoor recreation, such as camping and picnicking, presents
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additional complexities. The common denominator of "success" is

not applicable, as such, to these activities. Various ranking or
ordering systems, however, might be attempted with regard to angler opinions of the quality of the recreational experience.

Another area which deserves attention is that of "non-participating" uses which are complementary to outdoor recreation activi-

ties. The non-anglers who enjoy watching anglers troll for salmon

in Yaquina Bay allocate resources for this activity, and their "demand" could be measured within the basic transfer cost model. A
quality factor for this activity might be related to the number of anglers actually participating in the fishery.

An investment decision

which considered the net economic value generated by "non-participating" uses might be very different from one based on the value of

"participating" uses alone; thus, research pertaining to complementary uses is quite important.
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APPENDIX I
INDEX ESTIMATION OF ANGLING EFFORT

The "index" method for estimating angler effort was discussed
briefly in describing the formulation of the quantity variable for the
demand models in Chapter IV. This appendix supplements the dis-

cussion in that chapter.
When the sampling plan for administering the yield and expend-

iture survey was initiated, Yaquina Bay was divided into five zones.

The initial plan was to estimate success and effort, by zone, for
each fishery. Not all zones were relevant for a particular fishery.

For instance, the cutthroat- steelhead fishery pertained only to
Zones IV and V, and the bottomfish fishery was located only in
Zones I, II, and III. The bottomfish fishery was utilized by three

types of anglers (boat anglers, bank anglers, and those who fished

from the jetties); consequently, it was planned to further disaggregate the estimates of bottomfish success and effort according to these
categories.
When the results of the "complete counts" for the first half of
the survey were plotted on graph paper and examined, it was apparent that accurate estimation would not be possible at this level of
disaggregation. The assumption of stability in the time pattern of

use obviously did not hold for these results. This instability
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was due, in part, to the substitution by anglers of one area of the bay
for another. Attempts were then made to aggregate zones and cate-

gories of users (e.g. , bottomfish boat and bank anglers) until a more
stable pattern of use was obtained. It was finally decided not to

attempt disaggregation, but to use the time usage patterns derived
for each entire fishery. For example, all bottomfish anglers (bank,
boat, and jetty anglers in all zones) were grouped together in deriving
the average bottomfish angling time patterns. Similarly, all bay

salmon anglers were grouped together, and all cutthroat- steelhead

anglers were grouped together. When the counts of anglers in each
fishery were aggregated, the assumption of a stable time pattern of
usage seemed much more valid.

After the level of aggregation for each fishery was decided

upon, the appropriate time periods for establishing indices of estimation were determined. The year was divided into four periods for

the bottomfish fishery, two periods for the salmon fishery, and
three periods for the cutthroat- steelhead fishery. These time periods and number of "complete" counts were:
Bottomfish:

Salmon:

July 1, 1963 through September 30, 1963

(9)

October 1, 1963 through November 15, 1963

(6)

November 16, 1963 through April 30, 1964

(17)

May 1, 1964 through September 30, 1964

(17)

July 1, 1963 through October 15, 1963

(11)
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June 1, 1964 through September 30, 1964
CutthroatSteelhead:

(12)

September 1, 1963 through November 15, 1963

(9)

November 16, 1963 through February 15, 1964

(11)

July 1, 1964 through September 30, 1964

(6)

The numbers of anglers at each "complete" count (e. g., 8:00
A.M., 11:00 A, M. , etc.) were averaged to establish the "average"
day within each of the above time periods. The average numbers of

anglers at each count were then plotted on finely detailed graph paper,

and the number of angler hours in the "average" day was determined
by counting squares and adding. Allowances were made for the
changing lengths of days by varying the locations of the "ends" of the

daily patterns. For example, August angling days were assumed to

start at 5:45 A. M. and end at 9:00 P.M., while September days

started at 5:45 A.M. and ended at 8:00 P.M. An example of one of
the "average day" patterns (bottomfish angling in August, 1963) can

be seen in Figure 5. The average number of angler hours in the
daily time pattern (H) and the average number of anglers counted at

specific times (A) are given, by month, for each fishery in Tables 1
through 3. The expansion factors (H/ A) are simply the ratios of

angler hours to anglers on the "average" day. Use of the index
method of estimation implies that if twice the "average" number of

anglers were counted on a particular day, there would be twice the
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"average" number of angler hours. The time pattern of use is thus
assumed to shift upward and downward, depending upon total usage.

The index method was not used to estimate effort for those days on

which "complete" counts were made. Instead, the number of anglers
at each count (e.g. , 8:00 A.M.

,

11:00 A.M. , etc.) was graphed,

and the area under the graphed pattern for that day was determined
by counting the squares.

In future application of this method, attention should be given

to specific factors which might affect the stability of the usage pattern. For example, the complete counts of salmon anglers in this
study were influenced by fog and "bar" conditions which frequently

forced off-shore anglers to fish in the bay. Consequently, the usage

patterns for this fishery were not as stable as those for the bottomfish fishery, which was not affected to the same extent by these

factors. In some cases, a stratification of days according to some

special characteristic (e.g., weather) might allow the estimates to
be more accurate. Available data were not sufficient to make these
stratifications for the salmon fishery, but the idea may be useful in
future application.
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APPENDIX II
ESTIMATION OF TOTAL YEARLY EXPENDITURES
IN THE NEWPORT-TOLEDO AREA BY
YAQUINA BAY SPORTS ANGLERS

This appendix describes the method used for estimating total
yearly expenditures made in the Newport-Toledo area by Yaquina

Bay sports anglers. Data for estimation were available from the
field survey administered at the bay and the postcard expenditure
survey. Both surveys were described previously in Chapter IV,

where they were utilized to derive values for quantity and price variables in the demand models.

Estimation of "local expenditures per participant day" was
accomplished in much the same manner as estimation of "price per
participant day" for the demand models. Data on local expenditures

made through the time of interview were collected in the field survey.
Data on expenditures made between the time of interview and the

time the angling party departed from the Newport-Toledo area were

collected in the postcard survey. As in the formulation of the price
variable, multiple regression analysis was used to estimate the total
local expenditures by each non-local angling party. Expenditures on
durable equipment and auto operation and maintenance were included

in "local expenditures per participant day, " whereas they were
excluded from the price variable in the demand models. The
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prediction of lodging expenditures for overnight parties who were

interviewed prior to making expenditures of this type was also carried out as described in Chapter IV.
The multiple regression equation which was estimated for 224

non-overnight respondents to the postcard survey was
Y = -1.2603

Y

(.0069) X1

+ 1.2468 X2
(.1351)

,

= sum of local expenditures recorded on the field
questionnaire and postcard,

X1 =
X

01 6 3

= .306)

(R2

where

.

round-trip distance from hometown,

= sum of local expenditures recorded on the field
questionnaire.

The equation which was estimated for 114 overnight respondents was
**

Y = 58.9746+ .0657 X 1 + 1.3565 X2

(II-2)

(.0308)

(R2

The Y,

X1,

equation.

and

(.1084)

-

**
.0973 X3
(.0125)

= .677)
X2

variables were the same as in the previous

The X3 variable was a time index expressing the length of

stay at Yaquina Bay which had already been completed as a percentage of the total length of stay. The definition of variables is

thus exactly the same as used in estimating "price per participant
day'', with the exception that expenditures for durables and auto
operation and maintenance were included here.
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Estimation of these equations resulted in coefficients and significance levels which were much like those in Chapter IV. The

distance variable

(X1)

expressed a positive income effect on total

expenditures which increased with distance and was greatest for
overnight angling parties. The time index variable (X3) for over-

night parties indicates that expenditures were concentrated toward

the early part of the visit. The amount of expenditures recorded on
the field survey (X2) was easily the most significant determinant of
total local expenditures.

After estimating the above regression equations, a value for
"local expenditures per participant day" could be developed for each

angling party in the field survey. Values of this variable were
developed for non-primary purpose anglers and those from farther
away than 200 miles, whereas values of "price per participant day"
for the demand models had not been estimated for these parties.
For each of the 665 angling parties who were either (a) local, or (b)
non-primary purpose, the value was calculated by dividing the

expenditures recorded in the field survey by the number of participant days. (Non-primary purpose anglers were asked only for their

fishing-allied expenditures in the field survey.) For each of the 338
non-local parties who had responded to the postcard survey, a value
was calculated by dividing the total recorded expenditures in the
field questionnaire and postcard by the total number of participant
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days. The regression equations in (II-1) and (II-2) above were used

to predict total expenditures for the 608 non-local parties who either
(a) failed to respond to the postcard survey, or (b) were interviewed
prior to initiation of the postcard survey. To estimate "local expenditures per participant day" for each party in these two categories, estimated total expenditures were divided by the total num-

ber of participant days, based on a completed trip.
Estimation of total local expenditures also required that the
number of "participant days" be established. This was accomplished
by expanding the estimates of total angler days for each fishery and
each zone (from Table 8) by the ratio of participants to anglers in
the sample data. These calculations are shown in Appendix Table 1.

Considering all Zone 1 bottomfish anglers, for example, the ratio
of participants to anglers was 1.012 to 1. This allowed the estimate
of angler days from Table 8 (8,524) to be expanded to an estimate of
8,626 participant days.

After estimating the number of participant days for each zone

and calculating "local expenditures per participant day" for each

angling party, the means of the latter variable were estimated for
each zone (Appendix Table 2). Standard errors were estimated for

the means, and confidence intervals were established on estimated
total expenditures. Total yearly expenditures by sports anglers
were estimated at $154,550. with bottomfish anglers spending more
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Appendix Table 1. Total angler days and total participant

days for each fishery, by zone.

Fishery
Bottomfish:

Total
Angler
Zone
1

2
3

8,349
1,265
6,008

4
5
6

9

Salmon:

Days
8,524
2,860

1

1

2
3

392

4,457
31,855
2,965
1,447
3,930

4

107

5
6

1,125

91

Participants
Total
per
Participant
Angler
1.012
1.112
1.246
1.131
1.331

1.909
1.088

1

2,755

2

709

3

1,243

4

161

5
6

655
147
936

91

CutthroatSteelhead:

1

2
3

6,606
2,357
317
236

4

9

5
6

72

91

7,997
748

4,849
37,234

1.227

1,644

107

1,624
0

12, 288

1.049
1.094
1.237
1.250
1.041
1.000
1.271
1.000
1.000
1.077
4.000
1.000

0

118

1,431

2,965
1,625
4,323

10, 914

Clam:

8,626
3,180
10,403

1.000
1.123
1.100
1.000
1.444

0

1,340

Days

2,890
776

1,538
201

682
147

1,190
7,424
2,357
317
254
36
72
0

1.015

120

3,110

3,156

52,485

60,102

TOTAL:

1

Zone 9 includes those anglers from farther than 200 miles
from Newport and non-primary purpose anglers.

261

32
196
15
127

3

4

5

73
29
22

3

3, 4, 5, 6, 92

2

1

92

4, 5, 6

21

139
18

68
27

1

2

.35
.86
.84
1.30

$ .05
.53
.45

$1.11
2.70
4.83
5.42
3.76

$ .32
2.44
2.23

$ .22

17

4, 5, 6
2.57
2.62

26

3

19

.63
.39
.70
.78

1.84
2.36

12

92

$ .18

$ .37

64

1

$ . 05
.25
.19
.37
.22
1.03
.39

2

92

4.90
2.30

2.62
3.27
2.78
3.89

87

2

6

$ .42

358

Mean

1

Zone

Standard Error
of Mean
885

2, 357
317
482

$

$

774±
1 075 ±
2,613

764 1 $

$ 44, 120

6 187 ,±

226
353
457

4,432

7, 395

1,644

20, 859 .*

3,298± $ 1, 305
4,390± 1,160

9,386± 2,966

$

1, 429 +
3, 631 +

1, 061 ± $ 1,040

1,559
3,719
1,089
3,416
1,653
3,725

1,080
1,229
2,648± 1,523
3,122± 1,946
$ 11,891

$

$

4, 323
1,731

2,965
1,625

1,538
1,030
1,190

776

2,890

3, 664 .±.

11,148±
$ 95,926

31, 126±

3,977±

34, 029 .±

8,332±

3, 650

748

$

Estimated
Total Local
Expendittues 1

4,849

8,626
3,180
10,403
1,431
7,997

Days

Total
Participant

$154, 550
1 The sum of total expenditures by zone may not equal the total for the fishery because of rounding error. Confidence limits on total
expenditures were established at the .05 level.
2 Zone 9 includes those anglers from farther than 200 miles from Newport and non-primary purpose anglers.

TOTAL:

Cutthroat-Steelhe ad:

Salmon:

Clam:

Bottomfish:

Fishery

Number of
Observations

Appendix Table 2. Mean local expenditures per participant day and estimated total local expenditures, by fishery and zone.
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($95, 926) than salmon anglers ($44,120), clam diggers ($11,891), or
cutthroat- steelhead angler s ($2, 613)

.

Significant differences existed within each fishery among the

mean daily expenditures by anglers from different zones. Zone 1

(Newport-Toledo) anglers in all fisheries spent significantly less per

day than anglers from other zones. Numerous other significant
mean differences are evident in Appendix Table 2. 31Zone 2 salmon

anglers, for example, spent significantly less per day than Zones 3,
4, 5, or 6 salmon anglers. Zone 2 bottomfish anglers also spent

significantly less per day than Zones 3, 5, or 6 bottomfish anglers.

In general, a positive correlation existed between the mean daily
expenditure and the distance of anglers from Yaquina Bay. This is

important with respect to the impact of pollution on the local econ-

omy because of the greater success elasticities of the more distant
anglers.
The expenditure patterns among the four fisheries were also
quite different (Appendix Table 3). The mean "local expenditure per

participant day" was significantly larger for salmon anglers ($3.38)
31

Thesignificance of mean differences can be determined by
inspection of Appendix Table 2 data by using the t-test, where

t - sYi
A t-value of 2.20 or greater will establish significance at the .05
level for any combination of means.

185

than for bottomfish anglers ($2.28), clam diggers ($1.45) or

cutthroat-steelhead anglers ($.76). Mean differences between all
possible pairs within the four fisheries were significant at the .051evel.
Appendix Table 3. Mean local expenditures per participant

day, by fishery.

Standard Error

Number of
Observations

Mean

of Mean

1,076

$2.28

$ .09

Clam

138

1.45

.20

Salmon

219

3.38

.36

Cutthroat-Steelhead

178

.76

.10

Fishery
Bottomfish

Estimation of the local economic impact which would be

associated with the hypothetical 50 percent reduction in angler success in Chapter VI was made with the above calculations and pre-

vious estimates of success elasticities (Table 17). Reductions in
total expenditures by cutthroat-steelhead anglers could not be con-

sidered because success elasticities associated with this fishery had
not been estimated. Consequently, it had to be assumed that any
water pollution would not affect these types of angling success.

The first step was to determine the number of angler days

associated with the original level of success for each category, as
shown in Appendix Table 4.

This was accomplished within each

fishery by allocating the total angler days for each zone (Table 8)
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Appendix Table 4. Estimation of total local expenditures associated with a fifty percent reduction
in success.

Zone

Bottomfish:

1

8, 000

2

4 8,000

2

28,000

3

<8, 000

3

28,000

4

<8, 000

4

28,000
<8, 000

5
5

>8,000
8,000

6
6

9/
1

Clam:

28,000
all

1

4 $6, 000
000
26,000

2

< 6, 000

1

2
3
3

4
4

> 6, 000

< 6, 000
000
26,000
< 6,000
000
26,000

5

6,000

5

> 6, 000

6

4 6,000

6

> 6, 000

9.1/

Salmon:

Income

($8,000

1

1
1

2
2
3
3

4
4

all
<,$8,000
> 8, 000
4 8, 000
> 8, 000
4. 8, 000
> 8, 000
< 8, 000

6

> 8, 000
< 8, 000
> 8, 000
< 8, 000

6

28,000

5
5

911

all

Participant Mean
Days at
Expenditure
per
Total
An les_g_Sa...as_ Participants
Reduced
Local
Level
Participant
Original Reduced
per
of Success
Day
Expenditures
Success Success
Angles
1,856
$ .42
$
7,338
4,366
1.012
4,418
1,185
1.012
648
.42
272
640
4,842
1.112
2,308
1,662
1,848
2.62
338
886
1.112
2.62
552
304
3. 27
19, 764
1.246
6,044
6, 737
4, 851
1, 105
3.27
3,613
887
1.246
1,612
2.78
1,112
1.131
400
853
354
453
1.131
2.78
144
163
412
3.89
1,680
1.331
8,
698
2,
236
4, 049
1.331
3.89
3,552
1,959
913
686
1,029
110
1.909
210
4.90
264
421
1.909
86
4.90
128
45
5 575
4 457
1.088
2. 30
2 228
2 424
( 31, 854) (17, 957)
(20, 833)
($52,073)
1,964
520
1.049
$ .37
$
202
545
1.049
352
.37
130
791
336
1.094
150
1.84
276
259
137
1.84
1.094
238
438
218
450
1.237
2.36
703
454
241
298
1,119
1.237
474
2.36
789
383
2.57
100
31
1.250
39
59
1.250
2.57
157
102
49
61
1.041
2.57
339
127
132
239
1.041
210
2.57
540
416
202
1.000
2.57
75
29
54
29
116
1.000
45
2.57
45
93
1,559
468
1.271
595
2.62
936
($5, 754)
(3, 168)
(6, 606) (2, 786)
$1.11
$ 993
1.000
895
1,776
895
1.11
1.000
599
665
1,189
599
2.70
1. 123
1, 374
899
453
509
2.70
1.123
310
837
548
276
1. 100
1, 353
4.83
2, 441
1, 230
6, 535
3,985
1. 100
750
825
4.83
1, 489
98
18
1.000
18
5.42
36
5.42
1.000
36
195
71
36
1,469
1.444
271
5.42
374
188
751
1.444
5.42
2,965
379
547
0

0

0

0

1,340
(10, 914)

675
( 5, 499)

1.227

0
0
828
( 6, 191)

----3.76

o
o

3 113
($22,229)
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Appendix Table 4. Continued.

Angler Days

Original Reduced
Zone

Participant Me an
Expenditure
Days at
per
Participants Reduced
per
Level
Participant

Total
Local
Expenditures

Income

Success

Success

all

(3, 110)

(3, 110)

(3,156)

($2, 613)

52,484

29,352

33,348

$82,669

Anglers

of Success

Day

Cutthroatstee lhe ad:

TOTAL

all

Zone 9 includes those anglers from farther than 200 miles from Newport and non-primary purpose
anglers. The success elasticity for this category was arbitrarily assumed to be 1.0, which

represents approximately the average of all elasticities in Table 18. The more distant anglers
would be quite responsive to success changes, while non-primary purpose anglers might be less
responsive.
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among income classes (Table 9). This procedure was described in
Chapter IV. The next step involved estimating the reduction in

angler days which would be associated with the 50 percent reduction

in success. This was accomplished through use of the success
elasticities in Table 18. For example, the 50 percent reduction in
success would cause a 40.5 percent reduction in angler days for
Zone 1 bottomfish anglers (with incomes less than $8,000). This

would reduce the total number of angler days in this category from
7,338 to 4,366. Next, the estimates of angler days were expanded

to estimates of "participant days" by using the ratios of participants
to anglers in the sample data. Finally, the estimate of participant
days was multiplied by the mean value of "local expenditures per

participant day" for each category. The result was a series of
estimates of total expenditures which could be summed over all

categories within each of the fisheries.
When these estimates of total expenditure were summed, the
first-round impact on the local economy could be determined. Total
local expenditures by sports anglers would decline from $154,550

per year to $82,669, or a decrease of $71,881. This impact can
also be traced to individual sectors of the Newport-Toledo economy

through the distribution of sample expenditures among these sectors.
This distribution was based on expenditures by postcard survey respondents and local anglers (Appendix Table 5). Expenditures by
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Appendix Table 5. Distribution of field survey expenditures and estimated total sports angler
expenditures for original and reduced levels of success, by type of expenditures.

T

of Ex

nditure

Lodging in Hotels, Motels, Trailer
Parks, and State Parks

Estimated Total Yearly Expenditures in
Newport-Toledo Area
Fifty Percent
Percent
Original
Reduction
of Survey
in Success
Differ nce
Ex enditures Success
-$11, 142
$12,814
15.5%
$23,995

Prepared Meals Served in Cafes, Bars,
aid Restaurants

16.4%

$25, 346

$13, 558

-$11, 788

Expenditures at Marinas: Boat Rental,
Cruises, Bait, Fishing Equipment, Gas
and Oil for Boat, Launching

30. 8%

$47, 601

$25, 462

-$22, 139

Gasoline, Oil, and Maintenance of Autos

12. 5%

$19, 319

$10, 334

-$ 8,985

Retail Products: Groceries, Photographic
Equipment, Clothing, Sporting Goods
(except those purchased at Marinas)

22. 3%

$34, 465

$18, 435

-$16, 030

$

331

-$ 287

Telephone and Telegraph

0.4%

$

Entertainment: Movies, Golf, Liquor,
Bowling, etc.

2. 1%

$3, 246

$1, 736

-$1, 510

$154,550

$82,669

-$71,881

TOTAL

100.0%

618
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non-respondents to the postcard survey, non-primary purpose

anglers, and anglers interviewed prior to initiation of the postcard
survey were excluded. Expenditure data for these parties were

incomplete because some expenditures may have been made after the
interview was completed.

The impact of reduced angler expenditures in this example

would be most severe on the marinas (-$22,139), since nearly onethird of all angler expenditures were of this type. Grocery stores,

restaurants, motels and service stations would also experience
declines in gross receipts because of reduced angler expenditures.
The above calculations define the first-round impact, although
the multiplier effects within the local economy (and consequently the
secondary benefits of pollution control) were not taken into account.

This will be accomplished later in the over-all project through a
Leontief input-output model (60). The reduction in local expend-

itures (-$71,881 in this hypothetical example) will be treated as a
net deduction from the "final demand" column. The net deductions

from final demand columns for each sector of the economy would be
as shown in Appendix Table 5.
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APPENDIX III
ORIGINAL AND RECLASSIFIED DATA FOR
DEMAND MODELS, AND WINCHESTER
BAY AND COLUMBIA RIVER DATA
FOR SUCCESS-EFFORT MODELS

192
Appendix Table 6. Original values of variables for cross-sectional demand models.
X1 =

Y=

Angler
Days per
Distance
Zone

Bottomfish:

1
1
1
1
1
1

2
2
2
2
2
2
3
3
3
3
3
3

4
4
5
5

5
5
5
6

Salmon:

1

1
1

10, 000

Income

$ <2,000

Mean
Price per
Participant

Population

Day

X2'
Mean
Distance

in miles
(round-trip)

4,966
3,944
2,426

1.21
.96
.52
.67

19. 1
14. 7

3, 489

1. 16

14. 2

>10,000

1,353

4 2,000

426
564
556

.10
3.38

2, 000-3, 999
4, 000-5, 999
6, 000-7, 999
8, 000-9, 999

2, 000-3, 999
4, 000-5, 999
6, 000-7, 999
8, 000-9, 999
10,000

4 2,000
2, 000-3, 999
4, 000-5, 999
6, 000-7, 999
8, 000-9, 999
.Z10, 000

< 8,000
> 8, 000

< 4, 000
4, 000-5, 999
6, 000-7, 999
8, 000-9, 999
>10,000
all
< 4, 000
4, 000-5, 999
6, 000-7, 999
8,000-9, 999

3, 125

1,017
680
251
141
291

274
543
387
193
54
77

44
60

$

4. 66

4.35
7.13
3.79
2.90
6.15
5.92
5.04
5.41
5.99
5.62
4. 13

3.86
6.61
5. 20

5.61

8.1
12.0

2.0
105.7
109.0
111.6
110.3
112.0
112.0
168.0
153.0
156.7
151.6
149.7
156.2
192.2
188.6
238.0
236.0
237.0
237.5
237.3

X3 =

Mean

1/

Family Income
(000)

No. of
Angling
Parties

1.000
3.000
5.000
7.000

18

9.000
12.500
1.000

12

3. 000

5.000
7.000
9.000
17.500
1.000
3.000
5.000
7.000
9.000

18
31

11

7
6
8
11

7
8

7

11

20
31
31

17

18. 750

8

5.667

9
7

13. 143

2.818

11

5. 000
7. 000

21

9.000
12.500

21
6

337. 0

5, 667

6

1.400
5.000
7.000
9.000

5

17.812
4. 500
11.625
2. 143

8

5.000
7.000
9.000

12

101
116
41
22

5.94
4.20
5.98

292
745

1.09
1.02

2,431

1.14
. 82

.73

6.8
10.0
11.0
10.0
7.0

3. 39

106. 0

26

8
8

1

10,000

2

<6, 000

2, 897
1,979
227

2

> 6,000

395

4.18

110.5

39

5. 85

152. 0

164
175
180
352
5
23

7.17
6.85
6.08
5.60
4.83
6.90

159.2
145.2
152.0
150.0

20. 312

8

234.4
221.2

5.909
9.875

11

1

3

3
3
3
3

4, 5, 6

4 4, 000
4, 000- 5, 999
6, 000-7, 999
8, 000-9, 999

2 10,000

< 8, 000

4, 5, 6 2 8, 000

7
8
8

7

11
11

8
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Appendix Table 6. Continued.
X1=

Y=

Angler
Days per
Distance

10, 000

Population
1,809
2, 000-3, 999 1,826
4, 000-5, 999
563
Income

Clam:

1

$ C 2,000

1

Mean

Price per
Participant
Day

$ .61

X2=
Mean
Distance
in miles
(round-trip)
14.7

V
X3 '

Mean

FarrobbncomeParties
iZone

1.88

24.0

1.000
3.000

882

. 27
. 09

17. 7
8. 8

5. 000
8. 700

2

2 6, 000
all

151

3.26

Z. 6, 000

30

3. 75

110.2
146.2

9.167

3

3

26, 000
all

72

3.24

8

2. 38

1
1

4, 5, 6

172. 0
248. 7

No. of
Angling

3. 250
8. 667
8. 083

8

13
6
10
9
8
9
6

Mid-points of income ranges were used, e. g., a respondent in the $2, 000-$3, 999 income class
was considered to have family income of $3, 000. The mid-point of the "i. $2, 000" class was
considered to be $1, 000. The mid-point of the "$25, 000" class was graphically estimated to
be $40, 000 on the basis of state tax return distributions by income class (45).
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Appendix Table 7. Reclassified values of variables for cross-sectional demand models.

Distance
Zone

Bottomfish:

1

3, 125

4,966
3,944

2-6 4. 2,000
2-6 2, 000-3, 999
2-6 4, 000-5, 999
2-6 6, 000-7, 999
2-6 8, 000-9, 999
2-6 >10,000
1
< 4, 000

78
104
105
184
161

1
1
1
1

1

1
1
1

2
2

3-6
3-6
3-6
3-6
3-6

Clam:

$ < 2,000
2, 000-3, 999
4, 000-5, 999
6, 000-7, 999
8, 000-9, 999
..?10,000

1

Salmon:

Income

Y=
Angler Days
per 10, 000
Population

1

1
1
1

2-6
2-6

4, 000-5, 999
6, 000-7, 999
8, 000-9, 999

>10,000
< 6,000
2 6, 000
< 4, 000
4, 000-5, 999
6, 000-7, 999
8, 000-9, 999
_e1 0, 000

< 2, 000
2, 000-3, 999
4, 000-5, 999

>6,000

2, 426

3,489
1,353

66

x1=
Mean Price
per
Participant Day
$ 1.21

.96
.52
.67
1.16
.10
4.98
6.02
4.86
5.65
5.36
4.47

292
745
2, 431

1.09
1.02

2,897
1,979
227

.82
.73
3,39
4.18
5.71
7.23
5,63
6.53
5.18
.61
1.88
.27
.09
3.22
3.21

395
9
33
35
51

62

1,809
1,826
563
882

< 6, 000

14

>6,000

24

1. 14

X3 =

-1-/

Mean Family
Income
(000)

No. of
Angling
Parties

1.000
3.000
5.000

31

18
18

7. 000

11

9.000
12.500

12

1.000
3.000
5.000
7.000

18

9.000
16.500
1.400
5. 000
7. 000

9.000
17.812
4. 500
11.625

2.000
5.000
7.000
9.000
18.750
1.000
3.000
5.000
8.700
3.267
10.941

7

40
70
69

50
25
5
8
8
7
8
8
8
8

15
18
17
10
8
13
6

10
15
17

Mid-points of income ranges were used, e. g., a respondent in the $2, 000-3, 999 income class
was considered to have a family income of $3, 000. The mid-point of the "<2, 000" class was
considered to be $1, 000. The mid-point of the "125, 000" class was graphically estimated to
be $40, 000 on the basis of state tax return distributions by income class (45).
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Appendix Table 8. Values of variables for Winchester Bay

off-shore salmon success-effort model,
1952-1964.1

Year

X1

.63
.69
.92

1952
1953
1954
1955
1956
1957
1958
1959
1960

.71

1.03
1.09
.76
.61
.47

1961

.79

1962
1963
1964

1.01
.99

.98

X2

1,975
1,940
1,888
1,990
2,079
2,000
2,036
2,158
2,169
2,193
2,258
2,312
2,407

X3

X4

X5

22.00
22.30
22.70
22.30
22.40
23.00
23.00
23.10
23.10
23.75
23.98
24.20
24.42

5.0
6.1

18.5
18.2
20.6
22.7
30.0
33.5
43.7
46.0
60.6
70.0
77.5
74.4
80.6

7.5
5.9
5.0
6.3
8.1
5.2
5.3
6.7
5.5

4.7
4.6

184.53
96.44
131.47
126.46
133.42
263.77
114.96
101.62
107.92
192.08
255.80
252.19
278.73

'Description of variables and data sources:

X1. average number of salmon per angler trip: (41, p. 10)
real per capita income in Oregon: (71) adjusted by

X2. Consumer Price Index (69, p. 356)
X3.

X4*

X5*

weekly hours of leisure per employed person in the
United States: 1952-1960 (47, p. 6), 1961-1964 predicted by simple regression of 1946-1960 data, where
Y = weekly hours of leisure per employed person in
the United States, and X = time (1946=1, 1947=2, ...).
Equation: Y = 20.17 + .2239 X. The coefficient of
determination (r2) was .897.
average unemployment rate in Oregon: (38)
average horsepower of the largest sport outboard
motors made by the major manufacturers: (2, 3, 4,

5, 37, 49, 50, 51, 56, 57, 58, 59, 62, 63, 64, 65, 66,

76, 77)

Y : angler trips per 10,000 population in Oregon: (41,

p. 10; 67, p. 14)
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Appendix Table 9. Values of variables for Columbia River
salmon success-effort model, 1946-19641

Year
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961

1962
1963
1964

X1

.64
.41

.32
.35
.47
.19
.44
.45
.52
.43
1.08
1.06
.98
.98
.93
1.18
1.28
1.26
1.43

X

2,051
1,934
1,914
1,900
1,961
1,981
2,029
2,042
2,007
2,071
2,129
2,104
2,095
2,198
2,211
2,266
2,342
2,365
2,426

X3

X4

X5

19.70
20.30
20.80
21.20
21.60
21.90
22.00
22.30
22.70
22.30
22.40
23.00
23.00
23.10
23.10
23.75
23.98
24.20
24.42

8.3
6.2

7.4
8.6
7.7

6.1

9.0
7.7

4,4
5.0
6.1

7.5
5.9
5.0
6.3
8.1

5.2
5.3
6.7

13.0
17.7
18.5
18.5
18.2
20.6
22.7
30.0
33.5
43.7

46.0
60.6
70.0
77.5
74.4
80.6

115.91
107.56
127.10
105.41
102.56
120.89

82.96
121.73
130.06
150.34
177.82
121.34
146.78
163.18
168.76
189.86
243.98
242.32
227.49

5.5
4.7
4.6
Description of variables and data sources:
X1: average number of salmon per angler trip: (41, p. 277)
real per capita income in Oregon and Washington: (71)
X2'
adjusted by Consumer Price Index (69, p. 356) and
weighted by population (67, P. 14; 68, p. 41)
weekly hours of leisure per employed person in the
United States: 1952-1960 (47, p. 6), 1961-1964 predicted by simple regression of 1946-1960 data, where
Y = weekly hours of leisure per employed person in
the United States, and X = time (1946=1, 1947=2, .
Equation: Y = 20.17 + .2239 X. The coefficient of
determination (r2) was .897.
X
average unemployment rate in Oregon: (38)
average horsepower of the largest sport outboard
X
5' motors made by the major manufacturers: (2,
3, 4,

5, 37, 49, 50, 51, 56, 57, 58, 59, 62, 63, 64, 65, 66,

76, 77)
Y : angler trips per 10,000 population in Oregon and
Washington: (41, p.277; 67, ID. 14; 68, p. 41)
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APPENDIX IV
FIELD SURVEY QUESTIONNAIRE ON YIELD AND
EXPENDITURES, POSTCARD SURVEY ON
EXPENDITURES MADE AFTER INTERVIEW,
AND MAIL QUESTIONNAIRE ON HYPOTHETICAL
SUCCESS-EFFORT RELATIONSHIPS
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(Field Survey Questionnaire on Yield and Expenditures)

OREGON STATE UNIVERSITY
Area of Bay

Number of people in party to be interviewed:

Time interview started:

Date

Hello! I am working on a survey for Oregon State University and if you don't mind, I would like to
ask you a few questions.
(1) a. We are interested in finding out how many fish you caught (adjust terminology to respondent's

activity) on this trip today. If you caught any, would you mind if I weighed them? (Record
species, number, and weights in Table 1. Repeat Question 2 for each species caught. If
necessary let respondent refer to map.)

b. (If no catch, ask:) What kind or kinds are you fishing for?
In what area of the Bay did you catch these? (Record answer in Table 1.)
Were you in any other area of the Bay during this trip today? Yes
(If yes, ask Question 4: if no, skip to question 5.)

No

In what other area? (Record answer in Table 1)
At approximately what time did you (all of you) start fishing on this trip today?

If applicable:
How much time did you spend in area (s)

(from Table 1)? (Record answer in Table 1.)

a. Were you fishing or clamming for any other kind or kinds on this trip today? Yes
No
(If no, skip to Question 8.)
What other kind or kinds?

For how long did you do that?

Would you please tell me where you are from?
(Name of home town)
(If from Newport-Toledo, skip to Question 20; if from outside of the area ask Question 9.)
How many days have you been in the Yaquina Bay area on this trip?
How many days are you planning to stay here after today?

days
days
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What is the principal reason for your stay in the Yaquina Bay area?

Fishing, clamming, etc.

Business

Visiting friends or relatives
Other (specify):

Table 1.
Species

Number

Weight (lbs. )

Area

Time (hrs. )

Ask questions 12-18 only to non-residents of Newport-Toledo who have been in this area on this
trip for one or more nights and whose principal reason for being in this area is "Fishing, clamming,

etc."
Ask question 19 to those non-residents who have been in this area for less than one night and whose
principal reason for being in this area is "Fishing, clamming, etc."

Ask question 20 when the principal reason for being in this area was other than "Fishing, clamming,

etc."
We are also interested in expenditures you've made while in the Yaquina Bay area. You
nights (from Question 9). Would you tell me where
said that you have been here for
you (all of you) stayed overnight?
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What has been the cost of your lodging for this time?

Since you have been in the Yaquina Bay area, how many breakfasts, lunches, and dinners
have you eaten in a restaurant?
Breakfasts

Lunches

Dinners

What were your total expenditures for meals eaten in a restaurant while you have been in
the Yaquina Bay area?
Did you buy any food or drinks in this area which you prepared yourself? Yes
(If no, skip to Question 18.)

No

What were your expenditures for this?

a. What other expenditures did you make while on this trip and in this area? To help you
remember, let me ask separately for each of these items:
Boat rental
Fishing tackle rental or purchase
Bait

Boat launching and storage
Gasoline and oil for boat
Boat equipment (life preservers, fire extinguishers, etc. )
Motor or boat maintenance and repairs
Cruises

Gasoline and oil for car
Car repairs and maintenance
Clothing
Souvenirs

Photography equipment and supplies
Camping equipment
Telephone and telegraph
Entertainment
Others

b. In addition to you (all of you here), how many other people were included for these expenditures?

a. We are also interested in expenditures you've made while in the Yaquina Bay area. I have
a list of items, would you please tell me how much, if anything, you (all of you) spent for
each item on this list since your arrival in the Yaquina Bay area?
Expenditures

Meals in restaurants
Groceries
Boat rental
Fishing tackle rental or purchase
Bait

Boat launching and storage
Gasoline and oil for boat
Boat equipment
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Motor or boat maintenance and repairs
Cruises

Gasoline and oil for car
Car repairs and maintenance
Clothing
Souvenirs

Photography equipment and supplies
Camping equipment
Telephone and telegraph
Entertainment
Others

b. In addition to you (all of you here) how many other people were included for these expenditures?
(20)

We are interested in expenditures you've made in connection with your activity in Yaquina
Therefore, would you please tell me what expenditures you've made in connection
with this trip today in this area for the following items:
Bay.

Expenditures

Boat rental or purchase
Bait and tackle
Gasoline and oil for boat
Boat launching
Other

Respondent's name, address and telephone:
Name

Street
State

City

Telephone
THANK YOU.

Point of contact with respondent:
Boat

Shore

Dock

Moorage or public launching site
Other

Stage of completion of fishing trip during interview:
Completed

Time interview ended:
Interviewer's signature:

Not completed
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(Postcard Survey on Expenditures Made After Interview)
No.

The following expenditures were made between the time of interview and the time of my
departure from the Newport-Toledo area on
(please indicate date).
Food and drinks bought in restaurants.
Groceries, Souvenirs, or other Retail Products
Boat Rental, Launching, Storage, or Equipment, Bait, Charter Boat fees,
Tackle Rental or Purchase, Gasoline and Oil for boat, Repair or
Maintenance of boat or motor
Gasoline, Oil, Repairs, or Maintenance for Auto
Telephone or Telegraph charges
Entertainment (excluding charter boat fees)
***** THANK YOU FOR YOUR COOPERATION ***4*

(Instruction Sheet for Postcard Survey)
PLEASE NOTE THE FOLLOWING INSTRUCTIONS IN

FILLING OUT THE ATTACHED POST CARD QUESTIONNAIRE

IT IS IMPORTANT THAT YOU RETURN THE POST CARD EVEN IF YOU
MADE NO EXPENDITURES AFTER YOU WERE INTERVIEWED.
ONLY THOSE EXPENDITURES SHOULD BE INCLUDED WHICH WERE MADE
AFTER YOU WERE INTERVIEWED.
ONLY THOSE EXPENDITURES SHOULD BE INCLUDED WHICH WERE MADE
IN THE NEWPORT-TOLEDO VICINITY.

This includes:
Agate Beach
Beverly Beach
Elk City
Newport
Otter Rock
Seal Rock
Siletz
South Beach
Toledo

This does not include:
Depoe Bay and north on U. S. 101
Waldport and south on U. S. 101
Eddyville and east on U. S. 20

***** YOUR CO-OPERATION IN COMPLETING AND RETURNING THE ATTACHED *****
POST CARD WILL BE GREATLY APPRECIATED

***** Yaquina Bay Study, Department of Agricultural Economics, *****
Oregon State University
Cprvallist Oregon
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( MAIL QUESTIONNAIRES ON HYPOTHETICAL SUCCESS-EFFORT RELATIONSHIPS)
BOTTOM FISH ANGLER OUESTIONNAIRE

We are attempting to determine the influence of fishing success on the amount of time that
sports anglers like yourself would spend fishing for bottomfish at Yaquina Bay. To do this, we are
asking you to imagine yourself in several different situations. Before asking these questions,
however, would you please tell us how many days you fished for bottomfish at Yaquina Bay during
days
the past year? (November 1, 1963 through October 31, 1964)

In the first "imaginary" situation, suppose that you had to fish for 2 hours, on the average, for
each pound of bottomfish that you caught at Yaquina Bay. This figure, incidentally, represents
about the average of all anglers interviewed at Yaquina Bay last summer.
If this were the case, how many days would you have spent fishing for bottomfish at
days
Yaquina Bay last year?
NOTE: ASSUME IN ALL OF THESE QUESTIONS THAT FISHING AT ALL OTHER BAYS,
LAKES, AND RIVERS REMAINED THE SAME AS IT ACTUALLY WAS LAST YEAR.

Now suppose that, for some reason, bottomfish angling had been better than it was in the
imaginary situation above.
If you would have had to fish for only 1 hounand 30 minutes, on the average, instead of 2
hours for each pound of bottomfish, how many days would you have spent fishing for bottomfish
days
at Yaquina Bay last year?

If you would have had to fish for only 1 hour on the average, instead of 2 hours for each
pound of bottomfish, how many days would you have spent fishing for bottomfish at Yaquina Bay
days
last year?
Now suppose that, for some reason, bottomfish angling success at Yaquina Bay had been poorer
than 2 hours per pound of fish.
If you would have had to fish for 2 hours and 30 minutes, on the average, instead of 2
hours for each pound of bottomfish, how many days would you have spent fishing for bottomfish at
days
Yaquina Bay last year?

If you would have had to fish for 3 hours on the average, instead of 2 hours for each
pound of bottomfish, how many days would you have spent fishing for bottomfish at Yaquina Bay
days
last year?
If you would have had to fish for 4 hours, on the average, instead of 2 hours for each pound
of bottomfish, how many days would you have spent fishing for bottomfish at Yaquina Bay last
days
year?

Would you mind indicating the approximate yearly income of your family, before taxes or
expenses, during the past year? (Please check one. )
$2,000
$2, 000 - $4, 000
$4, 000 - $6, 000
$6, 000 - $8, 000
Under

$ 8, 000 - $10, 000
$10, 000 - $15, 000
$15, 000 - $25, 000
Over
$25,000

_A
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CLAM DIGGER QUESTIONNAIRE

We are attempting to determine the influence of clam digging success on the amount of
time that sportsmen like yourself would spend digging clams at Yaquina Bay. To do this, we are
asking you to imagine yourself in several different situations. Before asking these questions,
however, would you please tell us how many days you spent digging clams at Yaquina Bay during
days
the past year? (November 1, 1963 through October 31, 1964)

In the first "imaginary" situation, suppose that during the past year, you averaged digging 20
clams on each day on which you dug clams. This figure, incidentally, represents about the
average of all clam diggers interviewed at Yaquina Bay last year.
If this were the case, how many days would you have spent digging clams at Yaquina Bay
days
last year?
NOTE: ASSUME IN ALL OF THESE QUESTIONS THAT CLAM DIGGING AT ALL BAYS
AND BEACHES OTHER THAN YAQUINA BAY REMAINED THE SAME AS IT
ACTUALLY WAS LAST YEAR.

Now suppose that, for some reason, clam digging had been better than it was in the imaginary
situation above.
If you would have been able to dig an average of 25 clams per day (instead of 20 clams),
days
how many days would you have spent digging clams at Yaquina Bay last year?
If you would have been able to dig an average of 30 clams per day (instead of 20 clams),
days
how many days would you have spent digging clams at Yaquina Bay last year?
Now suppose that, for some reason, clam digging success at Yaquina Bay had been poorer than
20 clams per day.
If you would have been able to dig an average of only 15 clams per day (instead of 20
clams), how many days would you have spent digging clams at Yaquina Bay last year?
days

If you would have been able to dig an average of only 10 clams per day (instead of 20
clams), how many days would you have spent digging clams at Yaquina Bay last year?
days

If you would have been able to dig an average of only 5 clams per day (instead of 20
clams), how many days would you have spent digging clams at Yaquina Bay last year?
days

Would you mind indicating the approximate yearly income of your family, before taxes and
expenses, during the past year? (Please check one. )
Under
$2, 000
$2, 000 - $4, 000
$4, 000 - $6, 000
$6, 000 - $8, 000

$ 8, 000 - $10, 000
$10, 000 - $15, 000
$15, 000 - $25, 000
Over

$25, 000
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SAlloviGN ANGLER OUEST1bNi4AIRE

We are attempting to determine the influence of fishin success on the amount of time that
sports anglers like yourself would spend fishing for salmon at Newport, Oregon. To do this, we are
asking you to imagine yourself in several different situations. Before asking these questions, however, would you please tell us how many days you fished for salmon at Newport during the past
days
year? (November 1, 1963 through October 31, 1964)
to o out (eitherr
In the first "imaginary" situation, suppose that_charira_ths_p_a
on the ocea,n or in the bay) an averaof 2 times or each salmon that you caught at Newport.
This figure, incidentally, represents about the average of all salmon anglers interviewed at Newport
last summer.
If this were the case, how many days would you have spent fishing for salmon at Newport
days
last year?
NOTE: ASSUME IN ALL OF THESE QUESTIONS THAT FISHING AT ALL OTHER BAYS,
LAKES, AND RIVERS REMAINED THE SAME AS IT ACTUALLY WAS LAST YEAR.

Now suppose that, for some reason, salmon an lin at Ne rt had been better than it was in
the imaginary situation above.
If you would have had to go out only 1-1/2 times, on the average, instead of 2 times for
each salmon, how many days would you have spent fishing for salmon at Newport last year?
days

If you would have had to go out only 1 time, on the average, instead of 2 times for each
salmon, how many days would you have spent fishing for salmon at Newport last year?
days

Now suppose that, for some reason, salmon angling success at Newport had been poorer than 2
trips out per salmon.

If you would have had to go out1/2tiines, on the average, instead of 2 times for each
salmon, how many days would you have spent fishing for salmon at Newport last year?
days

If you would have had to go out 3 times on the average, instead of 2 times for each salmon,
days
how many days would you have spent fishing for salmon at Newport last year?
If you would have had to go out 4 times, on the average, instead of 2 times for each salmon,
days
how many days would you have spent fishing for salmon at Newport last year?

Please check one: When I go fishing at Newport, I ...
... always fish in the bay and seldom or never fish in the ocean.
...fish in either the bay or ocean, depending upon the weather
and where the fish are biting.
Would you mind indicating the approximate yearly income of your family, before taxes or
expenses, during the past year? (Please check one. )
Under
$2, 000
$ 8, 000 - $10, 000
$2, 000 - $4, 000
$10, 000 - $15, 000
$4, 000 - $6, 000
$15, 000 - $25, 000
$6, 000 - $8, 000
$25, 000
Over

I

