
AN ABSTRACT OF THE THESIS OF

Faisal M. Shal.loof for the degree of Doctor of Philosophy in

Aqricultural and Resource Economics presented on May 3, 1985

Title IMPACT OF VARIOUS FACTORS UPON BENEFITS FROM BIG GAME

HUNTING ESTIMATED BY THE TRAVEL COST METHOD

7/rApproved by:
William G. Brown

In order to better assess the value of the big game resource,

an attempt was made in this thesis to obtain the most reasonable

estimates possible of the demand for and net economic value of

Oregon big game to hunters Also, an attempt was made to predict

the changes in net economic benefits associated with changes in

the number of deer and elk harvested The data used in this study

were obtained from a random sample of Oregon big game hunters

during the fall of 1968

Several versions of the travel cost method (TCM) were used in

this study With the 1CM, travel costs are used as a proxy for

price, and the demand function is estimated from the respondents'

travel costs and trip quantities Then, willingness of the re-

spondent to pay is deduced from the respondents' estimated demand

for the recreational activity The concept of consumers' surplus

was used in conjunction with the travel cost based demand functions,

to estimate the net economic value of Oregon big game. Estimated

net economic value for the. Northeast and Central regions
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in 1968 dollars was approximately $9.82 million, based upon the

instrumental travel cost variable (measured one-way distance) with

cost of travel time assumed to be one-fourth the wage rate.

Twenty distinct hunting areas (destinations) were constructed

from the total land area of the Central and Northeast Oregon,

where each hunting area consisted of one or more game management

units. Based upon the traditional single site types of travel

cost models, the consumers' surplus for each of the 20 hunting areas

was regressed as a function of deer and elk harvested on each of

the 20 hunting areas. Given the assumptions of linear homogeneity

(which could not be rejected statistically) and of travel time

cost equal to one-fourth the wage rate, values of about $94 per

deer and $328 per elk were estimated.

More recently, the Regional Travel Cost Model (RTCM) has been

recomended for estimating the values of marginal changes in

quality by including quality and substitution sites directly in

the demand equation. Based upon the estimated RTCM, average and

marginal values were computed for a representative hunting area of

Northeast Oregon. By assuming increases of 100 units in the

harvested deer equivalent measure of quality, an average marginal

value of $66 per deer was obtained for the first increase of 100,

$63 per deer for the second increment of 100, and $61 per deer for

the third increment. These marginal values were about 80 percent

of the average consumers' surplus per deer ($83) for this par-

ticular hunting area. The same procedure gave marginal values per

elk from corresponding increases of elk harvest of $264, $252, and

$224 (all values in 1968 dollars).
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IMPACT OF VARIOUS FACTORS UPON BENEFITS FROM BIG GAME HUNTING
ESTIMATED BY THE TRAVEL COST METHOD

CHAPTER I

INTRODUCTION

The past two decades have seen a marked rise in interest by

government agencies and the public concerning valuation of various

nonmarket uses of publicly owned natural resources, such as out-

door recreation. But without a price to guide or direct the allo-

cation of publicly owned natural resources, governmental agencies

have needed some kind of values of the nonmarket goods for at

least three reasons: (1) From a management viewpoint, public

agencies are faced with decisions of resource allocation among

competing resource users. With regard to the big game resource,

competitive uses include recreation, harvesting timber, and domestic

livestock production. (2) An additional consideration includes the

long term well-being of the natural environment, which has impli-

cations for the management of water and publicly owned land re-

sources.

Rational economic decisions could obviously more easily be

made if the prices of all the alternative uses were available.

Although the value of timber can be calculated because it eventually

passes through the market system where prices and quantities are

established, values for recreation cannot usually be computed

from such market data. (3) Another reason that accurate values

for nonmarket uses are needed is because governmental expenditures



for protection and management of publicly owned natural resources

must now be justified to insure an efficient allocation of scarce

public resources.

The Oregon big game resource has a substantial impact on the

economy of the state. Positive values of this resource result from

recreational use by generating income to benefit local economies.

Negative values include damage by big game animals to forage on

both public and private land and to other property of value to man.

An economically efficient resolution of the problems arising

from simultaneous use of land for several purposes would reduce

social conflict, decrease economic losses, and enhance the gains

possible from wise land use. However, managers of publicly owned

natural resources have found it difficult to allocate resources

more efficiently without accurate information about the value of

recreational uses. Resource managers have expressed a need to

work with economists to determine net economic values for big

game and other fish and wildlife versus the values of other alter-

native uses of the resources, such as for crops, livestock and

timber production. Given this need, the main objectives of this

study are:

(1) To obtain the most reasonable estimates possible of the

demand for and net economic value of Oregon big game to

hunters. Progress toward this objective can be attained by

achieving the following sub-objectives:

(a) to investigate possible reasons for expecting de-

clining participation from more distant zones;



to estimate the impact of increasing distance upon

participation rates;

to show that estimates of demand based upon unad-

justed individual observations can be used to compute con-

sumer surplus if such estimates of demand are corrected

by a separate distance-participation relationship. This

correction procedure will be proposed as a reasonable

alternative to the adjustment of the individual obser-

vations to a per capita basis or to the traditional zone

average travel cost model;

to develop an instrumental variable to minimize

measurement error bias from reported travel costs,

especially when using individual observations adjusted

to a per capita basis.

(2) To estimate the effect of the number of deer and elk

harvested upon the net economic benefits to hunters.

Net economic value is approached by treating the hunting ac-

tivity as if hunters could be charged for it so as to approximate

their maximum so-called "willingness to pay." This hunting charge

can be described as the sum of two components: the actual market

expenditure by hunters plus any excess amount which hunters might

be induced to pay by a perfectly discriminating monopolist. An

approximation of this willingness to pay for particular recreation

opportunities can be developed from a demand curve which indicates

the quantity of use that participants in a market would be willing

and able to purchase at each price.



There are some data available from an earlier study which can

be used to provide an improved estimate of economic benefits to

hunters from the Oregon big game resource. The data were based

upon two questionnaires mailed to hunters in 1968.

At this point it should be noted that this thesis, even with

good estimates of the values or prices of all products, will not

solve all the problems associated with the big game resource

For example, the willingness to pay by the hunters is not directly

related to the economic activity generated by hunting. It is true

that the economic impacts could conceivably be estimated from some

of the same data used to estimate willingness to pay. However,

the 1968 data used for this thesis do not give adequate infor-

mation about where expenditures were made. Consequently, a new

survey of hunters is needed to indicate expenditures by counties.

Such data could then be used to show where the economic activity

generated from hunting occurs. At this time it is thought that

only a small part of the total expenditure by hunters is actually

made in the Northeast Oregon counties where the best big game

hunting is located. However, a new survey of hunters is far

beyond the scope and intent of this thesis due to time and money

constraints.

The basic procedure to be used in this study is the travel

cost approach. This valuation technique is the most widely used

of any indirect approach. The travel cost method usually specifies

the demand for trips or trips per capita as a function of the

4
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travel cost per trip and other explanatory variables. Travel costs

are used as a proxy for the price per vist to a recreation site.

A considerable amount of research has focused on designing and

refining travel cost models. Most of this research has been di-

rected toward improving model specifications and choosing among

alternative functional forms. Numerous studies have contributed

to obtaining a more accurate estimate of the travel cost coefficient

in order to obtain a more accurate estimate of recreational benefits

as measured by consumers' surpluses associated with the travel cost

demand curve. Consumer surplus is represented by the area under

the ordinary demand curve and above the price line. Some of the

earliest travel cost analyses were by Clawson (1959); Brown, Singh,

and Castle (1964); Stevens (1966); Brown, Nawas and Stevens (1973);

Gum and Martin (1975); Cesario (1976); Knetsch, Brown and Hansen

(1976); Edwards, Gibbs, Guedry, and Stoevener (1976); Knetsch,

Cesario (1976); Dwyer, Kelly, and Bowes (1977); Bowes and Loomis

(1980); Ziemer, Musser, and Carter (1980); Vaughn, Russell, and

Hazilla (1982); Strong (1983); Brown, Sorhus, Yang, and Richards

(1983).



CHAPTER II

REVIEW OF METHODS FOR ESTIMATING
OUTDOOR RECREATIONAL BENEFITS

As noted in Chapter I, the fact that much outdoor recreation

depends upon publicly owned land and water creates an economic

problem, specifically that of measuring the value of a recreational

use or good which does not have a conventional market price. Due

to the absence of a market for outdoor recreation, a number of

economists have responded to this challenge by developing methods

to quantify the economic benefits accruing to outdoor recreation.

These methods, which have proceeded in two directions, are con-

cerned with the estimation of the money that recreationists would

be willing to pay for the use of a recreational facility. Review

of these two main methods, called "direct" and "indirect" re-

spectively, is the topic of this chapter.

The Direct or Continqent Valuation Method
For Estimatin Outdoor Recreation Benefits

The two key assumptions in the contingent valuation method

(CVM) used to ascertain value are: (1) that the consumer can assign

an accurate value to the resource use or, in this case, the rec-

reational experience, and (2) that this valuation can be elicited

from the respondent by means of a properly constructed questionnaire.

Because the situation is hypothetical in nature, the CVM is

therefore subject to large errors in measurement (Bishop and

Heberlien, 1979). One of the most difficult tasks of the surveyor



is assigning a dollar value to recreational experience by the re-

spondent. Understanding the question, interviewer bias, and

gaming strategy are some other problems. Because of the sophisti-

cated questioning and bidding techniques that have have been de-

veloped recently there is a renewed interest in the direct

method (Dwyer, Kelly, and Bowes, 1977). A good discussion of the

direct questionnaire technique and its limitations is given by

Dwyer etal. (1977).

The second main development of techniques for estimating rec-

reational benefits is based upon "indirect" evidence. This evi-

dence usually pertains to the travel and related costs incurred by

the recreationists.

The Indirect or Travel Cost Method
for Esti mati n Outdoor Recreation Benefits

With the travel cost method (TcM) the willingness 0f the re-

spondent to pay is deduced from the respondent's demand for the

recreational activity. Because the TCM is indirect, it does not

rely upon the recreationist to assign a value to the recreational

experience. Therefore, some have suggested that this method is

the most appropriate for measuring recreational value.

The travel cost method has been the dominant indirect approach

over the years, and was first suggested by Harold Hotelling (1949).

He suggested to the National Park Service the drawing of concentric

circles (zones) around the recreational site. The number of trips

would be the dependent variable, and the increasing travel cost

incurred by the recreationists from the more distant zones could



be used as a proxy for the price. It was reasoned that the

increased travel costs incurred by the participants would be similar

to an increase in the entrance fee at this site. It was expected

that there would be an inverse relationship between increasing

travel costs and the number of trips taken by recreationists, thus,

specifying a demand relationship for the site. The net economic

value, or willingness to pay, could then be calculated by taking

the definite integral of the area under the curve and above the

cost of participation.

One of the key assumptions of the travel cost method is that

people could react to the imposition of a fee in the same manner as

they react to increased distance and travel cost. Therefore, the

accurate measurement of benefits by the travel cost method would

require an accurate estimation of the perceived travel cost by the

recreationist. Since the travel cost estimates of benefits are

directly proportional to the cost of travel assumed, if these

assumed costs are higher or lower than actually perceived by the

recreationist, then the estimated benefits will be correspondingly

too high or too low.

Usually, a fixed amount per mile times the round trip mileage

is used to estimate the travel cost per trip. The constant charge

per mile ordinarily represents only the variable portion of the

total cost of operating the motor vehicle, and this variable

portion usually can be estimated from average published costs, such

as those given by the U.S. Department of Transportation. However,



some error is obviously introduced by the use of such average

figures since the individual recreationist's actual and perceived

trip costs may vary widely from the (average) published figures.

Marion Clawson's study, Methods for Measuring the Demand for

and Value of Outdoor Recreation (1959), was the first to empirically

estimate benefits using a travel cost framework. Clawson's study

has been recognized for many years as the pioneering study in the

estimation of outdoor recreational benefits. The simple travel

cost model used by Clawson has since been improved extensively,

mostly as a result of the limitations of the original simple travel

cost procedure. The simple travel cost is limited by four basic

assumptions:

Every distance zone must have homogeneous preference

functions for the recreational activity.

The marginal preference for travel in all zones equals

zero.

Time and other non-monetary constraints are not a

factor.

The price and availability of substitutes are equal for

all zones.

The first limitation, homogeneous preference functions for the

recreational activity for all zones, for example in the case of

big game hunting in Oregon, assumes that individuals from far zones

have the same preference for big game hunting as do individuals

who live in Northeast Oregon. That is, this assumption maintains

that recreationists in Multnomah County would have the same



Figure 1. A Hypothetical Linear Model Used for
Illustrative Purposes.

10

preference structure for hunting as would persons living in North-

east Oregon, such as Wallowa County. In actual fact, it is unlikely

that- the people in all zones would have the same preference

structure for hunting. It is possible that some persons choose

to spend their entire lives in Northeast Oregon communities in

order to take advantage of the hunting. It is unlikely that

hunting would be the only reason for living there, but, neverthe-

less, it is important to know what effect violating this assumption

would have on the estimates of value for Oregon big game. To find

the direction of the bias, it is important to consider how the

demand function would be constructed. The scatter of points in

Figure 1 below represents observations from zones for the travel

cost model. Zones close to the site have low travel costs and high

participation rates, while zones further away have higher travel

costs and lower participation rates as shown in Figure 1.
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represents a hypothesized demand curve for hunters near the site.

(A linear model is used for illustrative purposes ) D2 represents

the:hypothesjzed demand for hunters further from the site. In

order to determine the direction of the bias, note that would

be estimated from all the observations when assuming a homogeneous

preference function for all zones. Note that the estimated demand,

is more elastic than either D1 or The calculated con-

sumers' surplus using D3 is less than the sum of the consumers'

surplus computed from the other two demand curves. Thus, the

assumption of a homogeneous preference function for hunting will

tend to underestimate the consumerst surplus. Therefore, although

this limitation is not eliminated, the effect of the bias will

result in a conservative estimate of the consumers' surplus.

The travel cost method ignores non-monetary costs, such as

travel time, and therefore is restricted by the assumption that

respondents will react only to out-of-pocket expenses, such as

travel costs. Knetsch (1963) pointed out that participants from

further distance zones incur not only increased travel costs, but

increased travel time as well. Knetsch demonstrates that if the

travel time is ignored, the value of the site will usually be

underestimated. There has been some attempt to measure time

simply by including it as a variable in the travel cost equation,

or by specifying time in terms of dollars by multiplying the

round trip travel time by a percentage of the wage rate. A problem

arises from the selection of an appropriate percentage of the wage
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rate. Dwyer, Kelly, and Bowes (1977) suggest one-half to one-third

the wage rate, while Cesario (1976) suggests one-third to one-

fourth the wage rate; however, these percentages are still arbi-

trary.

Simply including time as a variable in the regression usually

has been unsuccessful because of the high degree of correlation

between travel cost and travel time for aggregated data Both

travel cost and travel time are functions of distance, resulting

in nearly perfect multicollinearity. Cesario and Knetsch (1970)

suggested combining travel cost and travel time into a single

variable. A disadvantage to this procedure is the fact that the

researcher would still be implicitly assigning one or more spe-

cific tradeoffs between monetary cost and travel time.

Brown and Nawas (1973) attempted to separate the monetary

costs from the non-monetary costs. They found that the standard

errors for the coefficients of the distance traveled and travel

costs were reduced by using individual observations. However,

more recent research indicates some problems associated with the

individual observation approach, including bias from measurement

error (Brown, Sorhus, Chou-Yang, and Richards, 1983).

The marginal preference for travel in all zones equals zero

is another limitation of the simple travel cost. If most of the

recreationists enjoy the travel itself, then estimates of value

based upon the travel cost demand function would be biased upward.

However, if most recreationists disliked the travel required,
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the estimates of value from the travel cost method would be under-

estimated.

--The failure to consider substitutes is a further limitation

of the simple travel cost method of estimating net economic value.

The greater the distance zone is from a particular recreational

site, the greater are the number and appeal of available substitutes

for that particular site. Because other sites may become relatively

cheaper in time and money. For example, the hunter may have at his

disposal a choice of two hunting areas and two different hunting

activities (deer or elk). The simple travel cost method does not

account for these alternatives. It is possible to improve the

specification of the travel cost model to include substitute

activities through the use of regional travel cost models, as will

be discussed in more detail later.

To avoid some of the restrictive assumptions underlying the

travel cost approach presented in this section, Edwards etal

(1976) developed a new procedure that does not utilize "distance

zone averages" or other aggregations of the data but focuses,

instead, on the individual recreationist. Their work also indi-

cates that a more realistic explanation of the consumer1s behavior

may be possible by dividing the transfer costs into two com-

ponents: (1) the cost of reaching the recreational site, and (2)

the costs expended at the site. The price variable in their

theoretical demand model for the individual recreationist is

the on-site costs such as lodging, camping fees, equipment

rentals, meals, and other miscellaneous expenses incurred at the
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site. The quantity variable in their demand model is the number of

days a recreationist spends at a particular site. Thus, the aver-

age .individual's demand curve was defined and the economic value

per visit was computed, using the concept of the consumer surplus.

To determine the total value of a site, they multiplied the per-

visit values by the total number of visits.

En their approach, there was some difficulty encountered in

determining the proper blow-up factor to use for multiplying eco-

nomic value per visit to arrive at the total value for the site.

However, despite this minor problem, their study marked a major

advance over previous studies in that their specification of the

demand equation was more consistent than earlier models with the

economic theory of consumer behavior.

As mentioned earlier, the travel cost method of estimating

the demand function for the use of a recreational site has been

a cornerstone of recreation economics since its formulation by

Hotelling (1949) and Clawson (1959). Since then, practical con-

tributions addressing econometric issues of model specification

and the appropriate functional form of these models have been

made over the past 25 years. The importance of the specification

of the functional form of travel cost models will be discussed in

the next section.

Functional Form of Travel Cost Models With Unequal Zonal
Populations

As noted in previous sections, early research on the esti-

mation of outdoor recreational benefits was based upon average



participation rates and travel costs for various distance zones,

e.g., Clawson (1959), Knetsch (1953); Brown, Singh, and Castle

(1964). However, as Bowes and Loomis (1980) noted in their con-

tribution, for recreation demand functions of a linear form, the

existence of unequal zonal populations for the zone average travel

cost models leads to a problem of heteroskedasticity (nonconstant

variance of the error term). For a model with heteroskedasticity

the ordinary least squares (OLS) parameter estimates will be un-

biased but inefficient. A weighting of the observations is the

well-known procedure to the heteroskedasticity problem. En this

case, Bowes and Loomis note that the appropriate weighting factor

for each zonal observation is the square root of the population

associated with that zone. While preserving unbiasedness, the

weighted least squares (WLS) approach provides parameter estimates

of maximum efficiency (smallest variance).

Ziemer, Musser, and Hill (1980) analyzed the appropriateness

of three widely used functional forms for demand equations which

were fitted to 1971 data on fishing patterns. They demonstrated

that the choice of functional form can have a significant effect

on the estimated value of consumer surplus. To exemplify, the

level of consumer surplus estimated from a linear demand model

was nearly 300 percent higher than the value derived from a

quadratic form of the model (with a squared travel cost term

included) and 200 percent higher than that from a semilog form

(involving the natural logarithm of the dependent variable).

15
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Ziemer, Musser, and Hill applied the individual observation method

(rather than the zone average method) for specifying the travel

cost model; therefore, the problem of heteroskedasticity would not

be expected to exist in their model.

Christensen and Price (1982) argue that even if the WLS

approach of Bowes and Loomis is used with the linear model, the

probability - even the likelihood - of predicting zero or negative

visits from more distant zones still remains To avoid this problem

they recommend the adoption of a nonlinear function, such as the

semilog function, which approaches but never crosses the travel

cost or price axis.

Strong (1983) tested the semilog specification of the travel

cost model as an alternative to the linear specification for cases

with unequal zonal population. The statistical test which was

employed by Strong was first provided by Box and Cox (1964).

The statistical test involved a transformation of the dependent

variable and the independent variables as well in a way that allows

a direct comparison of the residual sums of squares in estimating

the transformed models. On the basis of the test results, the

semilog form was chosen over the linear form as the empirically

appropriate specification of the travel cost model. She also

demonstrated that when the WLS procedure was applied to the linear

model to remove the heteroskedasticity, and the resulting WLS

model was then compared to the semilog model on the basis of their

mean squared errors in estimating trips, the results suggested that
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the semilog form of the travel cost model provided somewhat better

estimates of total trips.

Another problem that has received increased attention in

recent years is the measurement of quality and its impact upon the

recreational experience. A related problem is the measurement of

substitute outdoor recreational activities or sites and its effect

upon recreational benefits, as will be discussed in the next section.

Estimating the Impact of Quality Upon Recreation Benefits

Although the travel cost method for estimating the value of

fishing and hunting activities has long been in use, e.g., Brown,

Singh, and Castle (1964) and Wennergren (1967), the usefulness of

these earlier subsequent studies has been somewhat limited for

public decisionmaking purposes because these studies have not

provided value estimates for the quality of the fishing and hunting

experience. Consequently, needed estimates of marginal values

associated with marginal changes in quality of recreation have

usually not been available.

Apparently, the first research to remedy this limitation was

by Stevens (1966) who asked the question, how can or should the

quality of the recreational experience in sports angling be

measured? He mentioned several characteristics that could be

termed indicative of the quality of the recreational experience,

such as the attractiveness and degree of access to the fishery

and the degree of crowding. With the selection of a variable to



represent the quality of the recreational experience, the level of

success per unit of angling effort, Steven specified a demand

model for sports angling as

Q = f(P,I,D,K)

quantity of angling effort,

transfer costs per angler day,

income of angler,

distance from the fishery,

angling success per unit of angling effort.

Stevens concluded that the inclusion of a quality variable

may facilitate more accurate estimation, since reductions in product

quality may partially counteract population, income, and leisure

shifters and cause current forecasts to be biased upward.

In a more recent research effort to take quality into

account, Knetsch, Brown and Hansen (1976) studied seven reservoirs

in the Sacramento District of the U.S. Army Corps of Engineers

(which operates reservoirs throughout the U.S., many of which have

extensive recreational use). In their model the dependent

variable, V., was the annual number of recreationists going from

population center i to lake j. Several independent variables were

used in their analysis in an attempt to explain the variation in

the observed V1. One variable measured the one-way road mileage

from the area of origin to the individual reservoir. A second

explanatory variable was the size of the population or the origin.

18

where

Q =

P =

I =

D =

K =



19

A third variable included was the size of the reservoir, measured

in acres of the recreation pool. This variable was used to account

forthe variation in the capacity and attractiveness of the

different reservoirs.

A fourth variable was included to measure the influence of

alternative recreational opportunities of a similar nature that

were also available to the residents of the various origin areas.

This was measured by a variable that took into account other lakes

and reservoirs. The substitute variable was defined as E
logL

where

L is the size of the alternative lakes and D the road mileage or

distance to the alternative lakes.

An attempt to measure both the quality of experience and the

substitute and their impact upon the recreational benefits will

be presented later in Chapter VII.



CHAPTER III

ISSUES IN THE SPECIFICATION AND ESTIMATION
OF OUTDOOR RECREATION DEMAND FUNCTIONS

In the usual formulation of the travel cost method, all ob-

servations from a given distance zone are averaged into a single

value for each variable. In a situation such as Oregon big game

with given big game hunting area and based on the 1968 survey, one

could hypothesize that a larger percentage of the population would

participate in hunting from nearby distance zones and a lower

percentage of population would hunt from those distance zones

which are further away. One way for dealing with this problem

would be to divide each distance zone into a number of subzones

that contained approximately the same number of observations, or

to divide each individual observation by its proper proportion

of the population.

An additional difficulty with individual observations (whether

adjusted to a per capita basis or not) is that if there is some

error by the respondents in reporting their travel costs, then

these errors would also cause bias in the estimated travel cost

coefficients, the so-called measurement error problem One way

of dealing with the measurement error problem is to replace the

explanatory variable with measurement error by a so-called in-

strumental variable where the instrumental variable is not cor-

related with error term of the equation being estimated (Johnston,

pp. 281-283). Specification of the dependent variable and
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measurement error problems, along with proposed remedies, are

discussed in detail in this chapter.

Specificiation of the Dependent Variable

As mentioned by Brown etal. (1983), the use of individual ob-

servations for fitting a travel cost-based outdoor recreational

demand function will provide an accurate estimate of the demand

function only if the decision to participate is not affected by

increased distance and travel costs. They suggested that one

solution was to divide each individual observation by its proper

proportion of population. Thus, the dependent variable, par-

ticipation rate, would be expressed on a per capita basis, just as

when using the traditional zone averages for fitting the travel

cost demand function. If the dependent variable is not defined

in terms of per capita participation, then biased results may be

obtained because such a procedure would not properly account for

the lower percentage of people participating in the recreational

activity from the more distant zones.

Several criticisms have been advanced concerning the pre-

ceding argument. One criticism was that no theoretical reason

for expecting a decline in percentage of participation from the

more distant population zone was given. Furthermore, no empirical

analysis was presented to actually show a significantly smaller

percentage of the population participated from the more distant

zones. Therefore, an attempt was made in this thesis to investi-

gate possible reasons for expecting declining participation from

more distant zones.

21



Reasons for Declining Participation Rates

Although various reasons might be advanced to explain a de-

clining percentage participation rate for the population of the

more distant zones, one of the more plausible causes would be the

following. If the individual demand functions for persons in all

distance zones were distributed symmetrical1y about some popu-

lation mean demand function, then only those persons with demand

functions distributed above the population mean demand function

would participate from those zones that were more than the average

distance from the recreational site. However, since the few

persons from great distances that do participate would still be

taking some trips, the estimation of demand with unadjusted in-

dividual observations (ulo) as the dependent variable would not

reflect the declining percentage of participants, and this UlO

procedure would cause an underestimate of the travel cost coef-

ficient as compared to an adjusted per capita approach.

To clarify and illustrate the preceding remarks, consider

the following simple case. Suppose that the "true" individual

demand function for a given recreation activity is

(3.1) q = 6 - 1.0 TC
+

where c denotes a random "intensity" variable which represents

the difference in intensity of demand among the various rec-

reationists. If E(c1) = 0, then the mean individual demand

function would be E(q1) = 6 - 1.0 TC.. (It is important to note

that is not an error term but, rather, is a variable that denotes
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the difference in intensity or strength of demand among various

individuals.) For illustrative purposes, it is convenient to

asstime that aj is a discrete variable that takes certain values

that are distributed symmetrically about zero with the following

probabilities:

(3.2) E(c) 1/16 [-4 + 4(-2) + 6(0)44(2)44) 0.

The variance of would then be

(3.3) E(ct-0) = 1/16
[(4)2 + 4(_2)2 + 6(0) + 4(2)2

+ (4)21 4

The distribution of c implied by (3.2) is the same as the dis-

tribution of the sum that could be obtained from flipping four

unbiased coins where a tail would be assigned a value of -1.0 and

a head a value of +1.0. Thus, the probability would be 1/16 of

obtaining four tails equal to a sum of -4, and similarly for four

heads giving a sum of +4. The probability of obtaining three

tails and one head equal to a sum of -2 would be 4/16, with the

same probability for three heads and one tail giving a sum of

+2. Finally, the probability of obtaining exactly two heads and

two tails with zero sum is 6/16. All the above probabilities follow

from the binomial expansion, as shown in some probability or sta-

tistics textbooks.

With the assumed individual demand function of (3.1), then

consider the simplest possible travel cost-distance zone data shown
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in Table 1, generated from equations (3 1) and (3 2) Note that for

distance Zone #1, the expected number of trips per recreationist

is 6 - 1 = 5, but some recreationists take more and some take less,

depending upon their value. For example, the first line of

numbers in Table 1 corresponds to = -4. Therefore, the number of

visits per participant would be 6 - 1 - 4 = 1. Since there would be

only one respondent, on the average, for this = -4, multiplying

1 times 1 times the sample blow-up factor of 100 gives the estimated

total number of visits of 100 for the first line. For the second

line of numbers in Table 1, corresponding to = -2, the visits

per participant would be 6 - 1 - 2 3. Since, from equation (3.2),

there would be four sarrle observations for a. = -2 on the average,

the estimated total number of visits in the next to last column

would be 3 times 4 times the expansion factor of 100 equals 1,200.

The other numbers for the main distance Zone #1 were generated in

the same way.

For Zone #1, no potential participants were eliminated since

the lowest intensity of demand and travel cost do not drive the

value to be equal or less than zero. But for main distance Zone

#2, where the travel cost increases to 4, the respondent in the

first line of Zone #2 of Table 1 with = -4 would have predicted

trips of = 6 - 4 - 4 = -2. Since trips must be greater than or

equal to zero, zero trips would be indicated by such a respondent

For the second line of Zone #2 with a1 = -2, exactly zero trips

would again be reported since q = 6 - 4 - 2 = 0. Thus, the total

trips for these four respondents would be zero. For distance Zone



Table 1. ObservatIons generated for three distance zones where the true Individual demand functions

are assumed to be q1 = 6 - 1.0 IC1 + ap E(c&1) = (1(-4) # 4(-2) + 6(0) + 4(2) + 1(4)]

a
Assumes a random sampling of one percent from the general population and corresponding expansion

factor of 100.

Main
Distance

Zone

Main
Zone

Population

Intensity
of

Demand

Average
Travel

Cost per
Visit

Predicted
Total

Visits per
Participant

Number
of

Respondents

Estimated
Total

Number
of i5ita

Zone
Average
Visits

per Capita

-4 $1 1 1 100

-2 1 3 4 1,200

1,600 0 1 5 6 3,000 5.0

2 1 7 4 2,800

4 1 9 1 900

-4 4 0 1

-2 4 0 4 0

2 1,600 0 4 2 6 1,200 2.125

2 4 4 4 1,600

6 1 600

-4 0 1 0

-2 7 0 4 0

1,600 0 7 0 6 0 0.4375

2 7 1 4 400

4 7 3 1 300



#3 of Table 1 with travel costs of $7 per visit, Only the five re-

spondents represented by the last two lines of numbers in Table 1

wou}d have sufficiently high intensities of demand with cx 2

and = 4 to take one or more trips. Thus, the sample number of

respondents who actually participate drops from 16 to 11 to 5 in

going from the nearest zone to the more distant zones, where all

zones are assumed to have equal populations of 1,600.

How would the results in Table 1 change if the values were

distributed differently, e.g., if the were distributed normally

with mean zero and variance equal to four? Actually, a similar

kind of result would be expected for most symmetric distributions

with similar means and variances.

It is also interesting and enlightening to see that fitting

the unadjusted individual observation (UlO) demand function by OLS

in Table 1 gives exactly the same regression coefficients as by

defining the dependent variable to be equal to the average number

of trips per recreationist who actually participates in each zone,

then using this observation the same number of times as the number

of participating recreatioriists observed for that zone. That is,

the average number of trips per participating recreationist can be

used as the dependent variable 16 times in Zone #1, 11 times in

Zone #2, and 5 times in Zone #3 to obtain exactly the same re-

gression coefficients as by fitting the UlO model. Thus, it is

clear that the UlO approach gives an estimated travel cost coef-

ficient that is ideal for estimating the average number of trips
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per recreationist who participates for a given zone, but not good at

all for estimating the consumer surplus, as will be shown later.

But :first, note that the OLS equation obtained from the UIO approach

is

(3.4) = 5.5862 - 0.6080 TC.

Computing the traditional consumer surplus from (3.4) for Zone

#1, an average consumer surplus per participating recreationist of

about $20 38 is obtained Multiplying $20 38 by the assumed 1,600

participating recreationists in Zone #1 yields an estimated total

consumer surplus for Zone #1 of about $32,608 Following the same

procedure for Zone #2 gives 1,100($8.182) $9,000, and for Zone

#3, 500($1 455) = $728 Thus, a total consumers' surplus of about

$42,336 from the UI0 approach is obtained.

How accurate is the preceding UlO estimate? It is easily

checked by computing the individual consumer surpluses from the

assumed true demand function, q1 = 6 - 1 0 TC1 + For the first

line of numbers in Table 1, the true individual demand function is

= 2 - tc1, and it represents one sample observation This con-

sumer surplus is equal to (1/2)(i)(i) = 0.5. Blowing it up by the

expansion factor of 100, a true consumers' surplus of $50 is ob-

tamed. Similarly, for the second line of numbers in Table 1,

the true demand function is q = 4 - tc.., implying three trips by

this type of participant. A true consumer surplus equal to (112)

(3)(3) = $4.5 per participant is computed. However, since there

are four observed recreationists of this type in line #2 of
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Table 1, the total consumers' surplus represented by line #2 would

be 400($4.5) = $1,800. Following this same procedure for the rest

of Table 1, a total true consumers' surplus of $30,050 is obtained.

Thus, the UlO approach overestimates the true consumers' surplus by

a factor of $42,336 to $30,050 or by about 41 percent.

Of course, the amount of overestimation bias that would result

from the UlO approach could vary greatly from the 41 percent for

the assumed conditions of Table 1. If distances and travel costs

are such that the percentage participation rates for the most

distant zones decline more rapidly than for the example in Table

1, then an even greater overestimation of consumer surplus could

result from the UlO approach. On the other hand, smaller rates of

decline in participation from the more distant zones would result

in a smaller upward bias from use of the UlO method.

It is enlightening to show graphically why the UlO approach

overestimates the consumer surplus. If we multiply equation (3.4)

by 1,600, the number of actually participating recreationists in

Zone #1 of Table 1, we obtain the total or "aggregate" demand

function for Zone #1:

(3.5) Q1 = 8937.92 - 972.8 TC

In (3.5), Q1 denotes the total number of visits and its plot

is presented in Figure 2. The consumer surplus from (3.5) with

TC = 1 can easily be shown to be the predicted quantity squared,

divided by two times the absolute value of the travel cost coef-

ficient. That is, for TC = 1
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CS1 = (7965.12)2 2(972.8) = $32,608.52
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exactly the same as computed from (3.4) earlier. But from the plot

of the aggregate UlO demand curve in Figure 2, it is easy to see

that the area below the UlO curve is overestimated since this curve

greatly overestimates Q1 for TC = 4 and TC = 7, which is to be

expected since the UlO estimate of the travel cost coefficient

ignores the effect of decreasing participation with increasing

distance.

The consumer surplus for Zone #2, based upon the UlO model,

can also be computed from the aggregate demand curve by multiplying

(3.4) by 1100, the estimated total participants in Zone #2, to

obtain

(3.6 = 6144.82 - 668.8 TC

For Zone #2, the UlO based consumer surplus would again be

one-half times the predicted visits squared for Zone #2, divided

by the absolute value of the travel cost coefficient. That is,

CS2 = (3469.62)2/2(668.8) 9000, just as computed earlier.

However, this estimate would again substantially overestimate the

area under the true demand curve since the predicted number of

trips from Zone #3 with TC = 7 would be over two times too large

when estimated by (3.6), thereby resulting in too large an area

beneath the UlO demand curve, (3.6).

It is interesting to compare the error in estimating consumer

surplus from the UlO method with that from the traditional zone
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average travel cost model. Using the last column in Table 1 (the

zone average visits per capita) as the dependent variable, the zone

average travel cost estimate of the demand function is

(3.7) q = 5.5625 - 0.760417 TC1.

Using (3.7), the traditional estimate of consumer surplus for

Zone #1 was $15 1627 times 1,600 = $24,260 For Zone #2, estimated

consumer surplus was $4. 1784 times 1,600 $6,685, and only about

$60 for Zone #3. Thus, a total consumer surplus of about $31,005

would be estimated by the zone average travel cost model, fairly

close to the true consumer surplus of $30,050. Thus, the error of

estimation was only about three percent, much better than the 41

percent error in the UJO approach.

Just as for the 1.110 model in (3.5), equation (3.7) can be

multiplied by 1,600 to obtain the aggregate demand function for

the zone average travel cost model:

(3.8) Q* = 8900i - 1216.67 TC

The plot of the zonal travel cost model of (3.8) is also shown

in Figure 2. It can be seen that the aggregate zonal travel cost

model gives predicted total visits much closer to the actual number

of visits. Thus, it is clear that the consumer surplus estimated

from the zonal travel cost model should be much closer to the true

consumer surplus than that computed from the UlO approach.

Again, of course, one should not generalize the specific

numerical results from Table 1. Rather, the numerical results are
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presented only to illustrate the consequences that follow from the

basic logical defects of the simple UlO approach. Sampling errors

in the data would be expected to cause the specific numerical re-

suits to change from one sample to another. Nevertheless, the

results from Table 1 do indicate that estimates of consumer surplus

from the UlO approach will be overestimated, on the average, when

there is a significant decline in the percentage participation of

the population of the more distant zones.

Are there Conditions under which the UIO approach would give

unbiased estimates of the true demand function coefficients and of

consumers surplus? The only condition that appears to assure

accuracy from the UlO approach is to assume that there is no

variation in demand among the participants, i.e., E 0 in

equation (3.1). (In this case there would be no decline in per-

centage participation with increasing distance, until distance

and travel cost became great enough to cause zero participation.)

Unfortunately, this assumption seems unrealistic since one ob-

serves great variation in the quantities taken by individuals

with similar travel costs. Therefore, it would seem appropriate

to check actual empirical data to see if there is or is not a

significant decline in the percentage participation of the popu-

lation at greater distances and higher travel costs. Empirical

results will be presented in Chapters V and VI.

Measurement error can be an important component of the travel

costs reported from a survey of hunters because the hunters may not
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remember accurately how many miles they traveled on their hunting

trips or how much money they spent on food, lodging and other

items. Furthermore, Ward (1984) has recently noted that only

exogenous costs should be included in the travel cost variable.

In the 1968 survey of hunters, some of the food and lodging expendi-

tures reported were likely endogenous in nature since these types

of expenditures are sometimes discretionary and within the control

of the recreationist. This mixture of exogenous and endogenous

costs would be another factor that would tend to increase the mag-

nitude of the error component in the reported travel costs.

Impact of Travel Cost Measurement Error

It has long been well known that measurement error in an

explanatory variable will result in OLS estimates that are in-

consistent (Johnston, pp. 281-283). As noted earlier by Brown

etal. (1983), the bias from measurement error in the travel costs

can be greatly reduced by using the more traditional zonal average

travel cost model. However, one disadvantage of the traditional

travel cost model is that the number of observations is obviously

reduced, thereby somewhat reducing the information available from

the data set. Therefore, the development of an instrumental

variable to minimize measurement error bias from reported travel

costs, especially when using individual observation adjusted to a

per capita basis, is needed.

One key assumption of the OLS estimation technique is that

the independent variables are measured without errors and the
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only form of error admitted to the relation is the disturbance term.

What happens if the independent variables are subject to measurement

error? The answer is that OLS estimates will be biased and incon-

sistent. This can be shown as follows. If the individual's com-

puted travel cost is given by X., and the computed travel cost is

assumed to be equal to the true travel cost for that individual plus

an error term, then

(3.1) x = + W1 , OR X = X - W.

where X' denotes the true travel cost for the ith individual, and

denotes a random error. Thus, it is necessary to estimate the

travel cost coefficient, , of the presumed true model from

(3.2) i = 1, . , n

where denotes the per capita participation of the ith individual,

and Li. is the usual disturbance term. The presumed model can be

written as

3.3 = X + LJ. , which may be rewritten as

3.4 = (X_W) + U1 = X1 - + U

Let X = (X-Y) , Y
=

(v.-V)
,

W. = (W1-) andU = (u1-U).

By assumption, E(U) = E(W1) = 0, and the U11s and Wi's are inde-

pendent of each other and of the true value of the travel cost

(q).



The least squares estimator from (3.4) is equal to:

n

i1
(x-)(vV)

i1
X.Y.

+ (O-1)}

2 2' (Y*_) E X1 Exi
i=1

Therefore,

i='

Substituting for X by X1r + W. and dividing both the numerator and

the denominator by n gives

n . . . n

[ E (x' + W.)u. - E

i=1
1 1 1

i=1

n .. n

E X' E X.U. - E X.W.
ii 1 1 1

1=1
1 1

n.e) n

zx. E X.
.1=11 i=1

n

E (X'+W.)2/n
i=1

n.. n ..
[ E X'U. + E W.U. - E XW. - E W.W.}/n
i=1

1 1
i=1

1 1
i=1 1=1

1 1

n n .. n

[ X'X' + 2 E XW. + Y w.W.]/n
1 1 1 1

1=1
1 1

Mxu + Mwu - Mxw - Mww

Mxx + 2 Mxw + Mww

where

n n

M = E (X-X)(U.-U)/n = X.U./n etc.

+
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Given the assumption that U1 is uncorrelated, in the limit,

with both the true value (Xr) and measurement errors of the ex-

planatory variable (Wi), then the probability limit of the OLS

estimate of is equal to

plim Mwu = plim = 0 (Johnston, pp. 281-283), therefore,

2

(3.5) = - -

=

where

denotes the variance of the measurement error in X and

denotes the variance of the true X values. Also, as n tends to

= E (X'-)2/n, and = E (W.-102/n.
i=1 i=1 1

Equation (3.5) shows that the true slope will be underestimated.

This bias will depend upon the measurement errors of the explana-

tory variable (Wi). If W. is small, then the bias in the parameter

will be small and vice-versa.

One solution to the previous measurement error problem is to

replace the explanatory variable with the measurement error (re-

ported travel costs) with a so-called instrumental variable

(measured one-way distance to the hunting site) The instrumental

variable should be strongly correlated with the dependent variable

(individual participation rates per capita) and with the re-

ported travel costs, but uncorrelated with the error term of

the equation being estimated. Why? Because if one or more of

the explanatory variables are correlated with the error term, then

= + - plirn Mww

plim Mxx + plim Mww
Since plim
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the least squares estimates will be inconsistent as can be shown by

using equations (3.2), (3.3) and given that Y (Y-V)

X (x1-Y), and U = (u-U) The least squares estimator from

(3.3) is equal to

n .. n

E (x-)(v.-Y) z x.Y. z x.(x.u.)
i=1 1 1

i=1
1 1

i=1

2 2 2(x-x) z x. X.

i=1 ' i=1
1

i=1
1

n n

x. z xu
Therefore,

i=1
1

+ i=1
n . n

1
i=1

nominator by ri implies that

n

E X.U./n
1 1 M

J. =+-
Z X./n

i=1
1

Therefore, the probability limit of OLS estimate of is equal to

3.6)

where MXU and °XU = covariance of X with U, and since °XU is not

equal to zero (X and U are dependent), then plim . But if

X and U are independent, then GXU = 0 and plim = 3. So cor-

relation between explanatory variables and the disturbance term

is thus extremely serious for ordinary least squares estimators.

Dividing the numerator and de-



In this thesis, the measured one-way distance to the hunting

site is almost a perfect instrumental variable since it is highly

correlated with individual participation rates per capita and the

reported travel costs. It should be noted that measured one-way

distance to hunting site is also independent of any errors associ-

ated with the dependent variable and the error term of the travel

cost equation since any small errors in the measured one-way

highway map distance would logically not be associated in any

way with the variation in the number of hunting trips reported by

the respondents.

For the later empirical analysis, the instrumental variable

was computed from equation (3.7):

(3.7)
= +

DIST1

where TC. is estimated travel costs, and DIST is measured one-

way distance from origin 1 to destination j Results from using

as an instrumental variable will be presented in Chapters V and VI.

Before discussing the statistical and economic model in this

study, a description of the questionnaires and procedures used in

the survey of Oregon big game hunters should first be presented.
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CHAPTER IV

SOURCE OF DATA

Sampling Procedures

As indicated by Brown, Nawas, and Stevens (1973, p. 13), the

Oregon State Game Commission (now the Oregon Department of Fish

and Wildlife) supplied the names and mailing addresses of about

17,000 Oregon licensed hunters, which were grouped into six blocks

according to the last two digits of hunting licenses sold in 1966.

These six blocks constituted the sample for their survey, "Annual

Hunting Inventory," which had been conducted since 1950 to secure

a gross measure for all types of hunting. They had selected

randomly six two-digit numbers between 1 and 100, namely 10, 34,

38, 66, 78, and 94. All hunting licenses sold in 1966 and ending

with 10 formed Block #1, those ending with 34 formed Block #2,

etc.

Block #1 and part of Block #2 were selected randomly to form

our sample for the Oregon Big Game Study. Our sample was about

3,000, or roughly one percent of the licensed big game hunters in

the State. This sample necessarily excluded hunters who started

hunting in 1967 or 1968. Some bias may result from this pro-

cedure, but the 1966 address cards were the only ones available

for sampling.

Two questionnaires were mailed to hunters in 1968. The first

concerned the investment by the hunter and his family in hunting

39



and associated equipment. This questionnaire was mailed early in

August 1968. The second questionnaire was a big game hunting trip

record in which the hunter was asked to record his hunting trips.

Since the research in this thesis is based upon the data from

the second questionnaire, the hunting trip record, it is shown in

Appendix A. Identical "follow-up procedures were used for both

questionnaires. First and second reminders were mailed if the

earlier questionnaires were not returned. More details concerning

the sampling procedures are given by Brown, Nawas, and Stevens

(1973).

Oregon Game Commission data indicated that there were 363,000

licensed hunters in Oregon in 1968. Based upon additional re-

search, our sample indicated that 4.4 percent of the licensed

hunters were non-big game hunters; thus, the estimated number of

big game hunters in Oregon was

363,000 x 95.6 = 347,000.

Furthermore, the survey data indicated an average of 1.86

licensed hunters per family, which makes the number of hunting

families in Oregon equal to 186,000. Additional research showed

that around 84.16 percent of the licensed hunters went hunting

for big game in 1968, so the number of families hunting big game

would be

186,000 x .8416 = 157,000.
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It should be noted that although the original survey data indicated

1.86 licensed hunters per family, only 1.752 persons per family

actually hunted on the hunting trips, on the average. Therefore,

the big blow-up factor to compute the total hunting days was cal-

culated as follows: Dividing the total number of families hunting

big game (157,000) by the number of hunting families in our sample

(552) gave the estimated expansion factor of 284.42. Similarly,

multiplying the family hunting days observed from our sample

(4,066) by average number of persons per family actually hunting

(1.752) gives

4,066 x 1.752 = 7,123.6.

7,123.6 is the total person hunting days observed from the sample.

Thus, the total hunting days for all Oregon hunters would be

7,123.6 x 284.42 = 2,026,000.

This estimate of about two million hunting days is approximately

close to the total hunting days of 1,965,000 reported by the Oregon

State Game Commission (1969).

Information about number of trips, variable cost, location of

home, and where they hunted was gathered from the second question-

naire. The total number of deer and elk harvested and the total

days of hunting for 1968 were taken from the Oregon Game Commission

Annual Report (1969) (currently Department of Fish and Wildlife),

and the population of each county in Oregon was obtained from the

U.S. Bureau of Census.



CHAPTER V

ESTIMATED TRAVEL COST DEMAND FUNCTIONS AND BENEFITS
FOR OREGON BIG GAME BASED ON ZONE AVERAGES

As mentioned earlier, in the usual formulation of the travel

cost method, all observations from a given distance zone are

averaged into a single value for each variable. In a situation

such as for Oregon big game, there tends to be a larger number of

observations for the distance zones that are closer and have large

populations relative to those distance zones that are less popu-

lated and further away.

To use the data in this form would be inefficient since zones

with few observations would be given the same weight as zones with

many observations. (Some of the estimation problems involved in

such situations have been discussed by Bowes and Loomis, by

Christensen and Price, and by Vaughn, Russell, and Hazilla.)

To avoid some of these problems, each distance zone was divided

into a number of subzones that contained approximately the same

number of observations. Before presenting the estimated demand

equations, it should be noted that the data were grouped into five

geographical areas, which corresponded to the administrative

regions of the Oregon Game Comission (currently Department of

Fish and Wildlife). The location of these five administrative

regions, and the game management units within each region, are shown

in Figure 3. The demand analysis for this thesis will be concerned

only with Northeast and Central regions (except in Chapter VII
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where all regions will be used for the regional travel cost method)

because these two regions are by far the most important hunting

areas of Oregon. These two regions accounted for over 74 percent

of the estimated net economic value (Brown, Nawas, and Stevens,

p. 93).

There were 352 families in the 1968 survey who hunted in

Northeast and Central Oregon, with some families hunting in more

than one hunting area, resulting in 586 origin-destination obser-

vations. These 586 observations were used to construct 145 distance

zones with four to five observations per zone Only four to five

observations were used per zone so as to make the zones small

enough for good geographical dispersion of origins and destinations

throughout the State. Using zone averages instead of individual

observations has the advantage of reducing bias from measurement

error in the explanatory variables (Brown, Sorhus, Chou-Yang, and

Richards).

Nonmonetary costs of distance are hypothesized to be an im-

portant shifter of the outdoor recreational demand function

(Knetsch, 1963 and Cesario, 1976). Consequently, to obtain a

variable to reflect the effect of travel time, we computed the

average one-way distance traveled by the hunting families in a

given zone to the nearest edge of the game management unit where

they hunted. This procedure gave a much more accurate index of

travel time than using the total travel miles reported by the

hunters, who varied widely in their reported mileage, even when
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from the same origin and hunting in the same area. Hunters who re-

sided in the same game management unit area that they hunted in

were- assigned one-way distance values of zero.

The data were fitted to the exponential demand function rather

than the linear model because it can be argued that the demand

curve should not be linear and because the exponential function has

given good results in other studies (Ziemer, Musser, and Hill;

Vaughn, Russell, and Hazilla; and Strong). The exponential function

is convenient to fit by ordinary least squares by the logarithmic

trans formation

(5.1) n TRPSCAP . =
+ i

DIST + TC1.

where

TRPSCAP . denotes hunting trips per capita of distance zone i
to hunting area j;

DIST. is the average measured one-way distance from distance
zone i to hunting area j;

TC. is the average hunting expenses per trip by hunters from
zone i to hunting area j and included five cents times
reported mileage plus cost of food, lodging, and am-
munition.

Coefficients for the resulting regression are presented first

for the hunting trips per capita as a function of travel cost

2
(5.2) in TRPSCAP.. = -2.7371 - .01957 TC r = 0.315

(-14.32) (-8.11) n = 145.

where numbers in parentheses below coefficients are t values. Re-

grossing hunter trips per capita as a function of distance only

gave the following:
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(5.3) in TRPSCAP.. = -2.6522 - 0.0091361 DIST r2 = 0.559

(-20.10) (-13.46) n = 145.

Distance explained considerably more of the variation in

hunting trips per capita than did reported hunting trip expenses.

One-way distance computed from a map very likely measured much more

accurately the minimum time and travel required to get to the

hunting site than did the mileage reported by the hunters, which

was subject to recall error. Also, vehicle travel after reaching

the hunting site is more of an endogenous variable that is con-

trolled by the individual hunter, varying according to individual's

tastes or preferences. Food and lodging expenses also likely vary

according to individual preferences and income and should not in

themselves greatly affect the individual's decision to hunt in a

particular hunting area. Therefore, it is not unusual that

measured one-way distance had a greater statistical influence on

hunting trips per capita than did total reported hunting trip

expenses.

There is also an interesting relation between hunting trip

expense and measured one-way distance, as shown in equation (5.4):

(5.4) = 25.88 + .2696 DIST r2 = 0.592 n = 145.

(7.11) (14.39)

Over 59 percent of the variation in hunting trip expenses was

associated with measured one-way distance. For every additional

mile of measured one-way distance, hunters spent approximately 27
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cents more per trip. Refitting (5.4) by adding one-way distance

squared, one-way distance squared was far short of statistical sig-

nificance with a t-value of only -0.60.

Hunting trips per capita was also fitted as a function of both

distance and travel cost:

(5.5) in TRPSCAP.. = -2.6827 - .009454 DIST.. + .001180 TC

(-17.43) (-8.87) (0.39)

R2 = 0.559 n = 145.

It should be noted that the travel cost coefficient is low and

positive compared to the distance coefficient, due at least partly

to the high correlation between them, r = 0.77. Due to the

illogical and incorrect sign for the travel cost coefficient,

equation (5.5) cannot be accepted. Some constraint relating

distance and travel cost is needed. If we assume hunters traveled

about 40 miles per hour in 1968, then dividing 40 miles per hour by

two miles (round trip) implies that about three minutes of round

trip travel time was required per mile of one-way distance. Since

the average income of hunters in 1968 was only $8,000 (Brown,

Nawas, and Stevens, p. 27), an average work load of 2,000 hours

per year would imply an average wage rate of about $4 per hour.

Thus, the implied cost of travel time could be computed by fol-

lowing the suggestion of Cesario (1976) that the cost of travel

time is between one-fourth to one-half of the wage rate. Con-

sequently, one-fourth of the average wage rate in 1968 was equal

to about $1, and this would represent a cost of () times $1 =

$0.05 per mile. However, from our sample data, an average of
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about 1.75 hunters per family actually hunted on hunting trips. If

so, the maximum loss in wages would be about ($.05) times 175 =

o 0875 per mile of one-way distance But if the cost of travel

time is one-half of the wage rate, following the same steps as

above, then the loss in wage would be about $0 10 times 1 75 =

0.175 per mile of one-way distance. Based upon these estimates, a

new travel cost variable was formed which included these two

assumed values of travel time.

Travel Cost Model with Travel Time
Valued at One-fourth the Wage Rate

Refitting equation (5.4) with travel time valued at one-fourth

the wage rate and adding this travel time cost to the other travel

costs gave

(5.6) in TRPSCAP -2.5989 - 0.01803 TC r2 = 0.387

(-14.40) (-9.49) n = 145.

Comparing equation (5.2) with (5.6), it can be seen that the

absolute value of t for the travel cost variable increased from

8.11 to 9.49 and the r2 increased from 0.315 to 0.387. Thus, the

inclusion of travel time cost improved the results for the travel

cost variable. However, an even greater improvement was obtained

by valuing the travel time at one-third and one-half the wage rate,

as shown below.



Travel Cost Model With Travel Time
Valued at One-third the Wage Rate

(5.7) ln TRPSCAP = -2.574 - 0.01740 TC r' = 0.404

(-14.49) (-9.85) n = 145.

For travel time valued at one-third the wage rate in (5.7), the

absolute t value increased from 8.11 in (5.2) to (9.85). r2 also

was increased from 0.315 in (5.2) to 0.404 in (5.7).

Travel Cost Model With Travel Tinie
Valued at One-half the Wage Rate

(5.8 ln TRPSCAP -2.5337 - 0.01652 TC = 0.433

(-14.73) (-10.45) n = 145.

For travel time valued at one-half the wage rate (5.8), the

absolute value of t was increased from 8.11 in (5.2) to 10.45.

Similarly, was increased from 0.315 to 0.433.

An Instrumental Travel Cost Variable
Based upon Measured Distance

Measurement error can be an important component of the travel

cost variable, as shown by Brown, Sorhus, Chou-Vang, and Richards.

Most people do not remember exactly how many miles they traveled

on their hunting trips nor precisely how much money they spent on

food, lodging, and other items. Consequently, there might often be

a considerable error in their reported travel costs. If so, then

a serious estimation bias can result since the explanatory variable,

49
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travel cost, will be correlated with the error term of the travel

cost equation and this correlation can lead to a serious bias in

parameter estimation (Johnston, pp. 281-283).

One solution to the above measurement error problem is to

replace the explanatory variable with measurement error by a so-

called instrumental variable where the instrumental variable is not

correlated with the error term of the equation being estimated.

Also, the instrumental variable should be strongly related to both

the dependent variable and the explanatory variable with the

measurement error. In this thesis, the measured one-way distance

to the hunting site is almost a perfect instrumental variable

since it is highly correlated with hunting trips per capita and

the reported travel costs. It is also obviously independent of

any errors associated with the dependent variable (hunting trips

per capita) and the error term of the travel cost equation.

One way to compute the instrumental variable is to simply

use earlier equation (5.4) where travel cost was estimated as

TC.. = 25.88 + 0.2696 DIST..., where DIST.. was measured one-way

distance from origin i to destination 3 Therefore, fitting

hunting trips per capita, TRPSCAP9 as a function of

2
(5.9) ln TRPSCAP. . = -1.7752 - O.O3389TC r = 0.559

(-9.46) (-13.46) n = 145.

In equation (5.9), travel time is implicitly assumed to be

zero. If a value of travel time equal to one-fourth the wage rate

is assumed, then a value of $O.0875 per mile of one-way distance
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needs to be added, as explained in the preceding section. Adding

this value of time implies that TC = 25.88 + (0.2696 + 0.0875)

Dist,3 or13 = 25 88 + 0 3571 DIST,J Using this predicted value

for TC,3 resulted in the following equation

(5.10) in TRPSCAP. = -1.9901 * 0.02558 TC r' = 0.559

(-11.48) (-13.46) n = 145.

If travel time is assumed to be one-third the wage rate, then

a value of $0.1167 per mile of one-way distance needs to be added.

Adding this value of time implies that 25 88 + 0 3863 DIST3

Using this predicted value for TC resulted in the following

equation:

(5.11) in TRPSCAP.. = -2.0401 - 0.02365 TC = 0.559

(-11.48) (-13.46) n = 145.

Similarly, if the value of travel time is assumed to be equal

to one-half the wage rate, = 25.88 + 0.444 DIST and the

associated estimated hunting trips per capita is given by

2
(5.12) in TRPSCAP.. = -2.1204 - 0.02055 TC1. r = 0.559

(-12.86) (-13.46) n = 145.

Note that the t values for the travel cost coefficient are

all equal in equations (5.3), (5.9), (5.10), (5.11), and (5.12),

as they should be, as well as r2 and n.



Estimated Net Economic Benefits to Hunters Hunting
in Central and Northeast Oregon

Once the demand function has been specified and estimated, it

is relatively simple to compute the net economic value. The con-

sumers surplus concept was used because it is the generally

recommended measure of net economic value (Dwyer, Kelly, and Bowes,

1977). Consumers' surplus values were obtained from different

zones by integrating

(5.13) CS a dP

pu

where varies from zone to zone, depending upon the other ex-

planatory variables in the demand equation; denotes any in-

creased cost or fee above what the hunters in zone ij have already

incurred, and denotes the travel cost coefficient. Note that

with no increased fee or other charges, p = 0, and reduces

to the observed Integrating (5.13) results in

(5.14) CS..
13 fCo

a e
1.3 (d1

0

=fl

= 31 (0-1) = , where < 0.

8 -8

0
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Benefits Estimated from the Traditional
Travel Cost Model

With Several Assumed Values of Travel Time

- If the hunters' travel time is assumed to have no effect on

hunter participation, then hunter travel time should be assigned

a zero value, and equation (5.2) would be the correct function to

use for estimating the hunters' consumers' surplus. Although it

is generally recognized that travel time is an important de-

terrent to participation in recreational activities, such as

hunting, estimated consumers' surplus based upon (5.2) was computed

for sake of comparison. To estimate consumers' surplus from

(5.2), the per capita consumers' surplus for each zone was first

computed. Then, multiplying by the corresponding zone population,

the total consumers' surplus was obtained for each of the 145

zones. Summing the consumers' surplus for the 145 zones gave

a total estimated net economic benefit of approximately $12.84

million. This method of computing the consumers' surplus was

first suggested by Gum and Martin Their method essentially in-

volves using the actually observed number of hunting trips per

capita, rather than the predicted number of trips per capita, as

the basis for computing consumers' surplus. The Gum-Martin pro-

cedure of using observed instead of predicted hunting trips has

the advantage of being less sensitive to possible demand model

specification error that could cause some hunting areas' par-

ticipation to be over or underestimated.1"
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If travel time reduces hunter participation to the extent that

travel time has an implied value of one-fourth the wage rate, then

equation (5.6) should be used to estimate the consumers' surplus.

Again using the Gum-Martin approach, the consumers' surplus esti-

mate from (5.6) was approximately $13.94 million.

If hunters implicitly regard travel time as a cost to them

of one-third the average wage rate, then equation (5.7) would be

appropriate for estimating the consumers' surplus to hunters.

Based upon (5.7), a total consumers' surplus of $14.44 million was

estimated. If cost of travel time was assumed to be one-half the

wage rate, then equation (5.8) should be to compute consumers'

surplus, resulting in a total of $15.21 million.

Although the above estimates may appear to be plausible,

these estimates are very likely seriously biased upwards, due to

measurement error in the travel cost variable. Estimates of con

sumers' surplus that are corrected for this bias are presented

next.

Benefits Estimated with the Instrumental
Travel Cost Variable

and Varying Values of Travel Time

As noted earlier in the section, "An Instrumental Travel

Cost Variable Based Upon Measured Distance," the travel cost

variable very likely contains substantial measurement error since

most hunters will not remember very well how many miles they

traveled and how much money they spent on their hunting trips.
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To avoid bias from this measurement error, measured one-way distance

from distance zone i to hunting area j was used as an instrumental

variable in place f the traditional travel cost variable.

In earlier equation (5.4), reported travel cost was regressed

against measured one-way distance. Using the predicted travel

cost from this regression as the instrumental variable, equation

(5.8) was obtained. Total consumers' surplus computed from (5.8)

was $7.42 million, slightly less than 58 percent of that from the

traditional travel cost model with the cost of travel time assumed

to be zero. (The estimate of $7.42 million from (5.8) also im-

plicitly assumes a cost of travel time equal to zero.)

If cost of travel time is set equal to one-half the wage

rate, then equation (5.11) should be used for computing the

consumers' surplus, resulting in a total of $11.23 million.

Similarly, at one-fourth the wage rate, equation (5.9) would be

appropriate and would yield a total consumers' surplus of about

$9 82 million At one-third the wage rate, equation (5 10) should

be used to compute consumers' surplus, given a total of $10.62

million. The preceding results are summarized in Table 2.

Due to the bias in the travel cost coefficient from the use

of reported travel costs with attendant measurement errors likely

resulted in overestimation of consumer surplus, as presented in

Table 2. The instrumental variable approach was used in the travel

cost to overcome the measurement error problem, and as expected,

appeared to give more reasonable estimation of benefits, as shown

in Table 2.



Table 2. Estimated Consumers' Surplus to Big Game Hunters Hunting in Central and
Northeast Oregon, Based Upon Reported Travel Costs Versus an Instrumental
Travel Cost Variable with Four Travel Time Cost Assumptions, 1968 Prices

Assumed Travel
Time Cost

Consumer Surplus from
Zone Average Reported

Travel Costs
(millions)

Consumer Surplus from
Instrumental Travel

Cost Variable
(millions)

Zero $12.84 7.42

One-fourth the wage rate 13.94 9.82

One-third the wage rate 14.44 10.62

One-half the wage rate 15.21 11.23



Theoretical Relationship Between Big Game
Harvest and Hunters' Benefits

The crucial importance of knowing how marginal changes in

fish and game abundance affect the value of fishing and hunting

can hardly be overemphasized. Without this knowledge an efficient

allocation of public funds and natural resources cannot expect to

be achieved. As just one example, if harvest of deer and elk is

unrelated to the value of deer and elk hunting, then there is no

need for public expenditures on habitat improvement and other

measures to enlarge deer and elk herds, at least so far as hunter

benefits are concerned. On the other hand, if there is a strong

positive relationship between the bag of game and the benefits

to hunters from big game hunting, then a considerable use of

public resources to protect and/or enhance the big game resource

could be justified.

As will be amplified later, it would greatly facilitate

evaluation of policies or projects affecting big game numbers if

a linearly homogeneous relation existed between consumers' surplus

to hunters and harvest of big game. However, a question can

justifiably be raised as to whether a linearly homogeneous re-

lation between consumers' surplus and big game harvest per

hunting area is consistent with economic theory and utility maxi-

mization. A brief analysis indicates that under fairly plausible

conditions, a linear homogeneous relationship can be deduced via

economic theory. There are two main aspects of the necessary
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conditions. One concerns the form of the utility function, if such

exists, that would cause consumers' surplus to vary proportionally

to b-ig game harvest, and the second aspect concerns the kind of

budget constraint that would, in combination with the utility

function, result in a particular functional form of the demand for

hunting days or trips. Although there are other functional forms

for utility that would give a similar result, one of the simpler

forms is

5.15) u
- _2 3

2
q3

b1
where

2
= b0 q1 < 1.0, bc and b1 > 0, = 1

- 2'
q1 denotes big

game harvest by the hunter, q2 denotes quantity of hunting trips,

and q3 denotes all other consumption goods. This formulation will

also assume that harvest per unit of effort is not subject to the

hunter's control,V but that the hunter has good information about

the big game harvest-effort ratio for given hunting areas.

Maximizing (5.15) subject to the usual linear budget

constraint, p2 q2 + p3 q3 = x, where p2 is the travel cost which is

used as a proxy for the price per trip to a recreation area, p3 is

the price of all other consumption goods, and x is the income. It

is easy to solve for the Marshallian (ordinary) demand function

by using the Lagrange-Multiplier method as follows:

2 3
(5.16) L = q2 q3 + (x-p2q2-p3q3)

Therefore, by taking the partial derivatives with respect to

q2,q3, and A, respectively, gives



(5.17) ------ B

(5.18) Bq2

(5.19)

(5.20) x = q

q

From equations (5.16) and (5.17) the value of q3
=

is obtained. Substituting the value of q3 into equation (5.18)

gives the following:

B31 B2
$etq2 p2

B3
+ - q

2

Equation (5.20) could be simplified as = (B2 + B)(p q2).

Substituting for the value of B3 yields the following equation:

(5.21) B2x = p2 q2(t32+1-2) = q => q2 =

= b0q1 xP .-

According to (5.21), the quantity of hunting trips taken could

be a strictly increasing function of the big game harvest expected

by the hunter. The demand relation in (5.21) implies that no

hunting trips would be taken at all if the hunter did not think

that the probability of bagging game was greater than zero. At

set

B3 B3
B3 q3 q3

q3p3

2 3
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any rate, the consumers' surplus from (5.21) can be estimated only

if an upper bound is set for 02, say p2 = TCM8x, where TCFiax is

usually set equal to the largest of the observed travel costs.

Thus, the consumers' surplus would be computed as

TCMax
b

(5.22) CS

= f (b0 q11xdp2)/p2 = b0q11x(ln TCMaxlfl TC1)

TC

Note that the consumers' surplus in (5.22) is directly pro-

portional to big game harvest if and only if b1 = 1.0. Relation of

the net economic benefits to Oregon big game hunters and the

number of deer and elk harvested will be presented in the next

section.

Relation of Deer and Elk Harvest
to Hunters' Consumers' Surplus

It should be noted that for the travel cost demand analysis

of the preceding sections, 20 distinct hunting subareas (desti-

nations) were constructed from the total land area of Central and

Northeast Oregon. Then, distance zones were constructed around

each of the 20 hunting subareas, and the various travel cost demand

estimates (presented earlier) were fitted. However, the use of the

20 hunting subareas also permits an examination of the relation

between the number of deer and elk harvested and the estimated

consumers' surplus for each of the 20 subareas. The numbers of

deer and elk harvested, along with the estimated consumers'
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surplus for each subarea, are shown in Table 3. As mentioned

earlier, the Gum-Martin procedure of using observed instead of

predicted hunting trips has some advantages, especially for re-

lating net economic benefits to deer and elk harvested, since

their procedure is less sensitive to possible demand model

specification error that could cause predicted hunting in some

areas to be over or underestimated.

Consumers' surplus in Table 3 was regressed as a function of

deer and elk harvested, resulting in the following equation:

(5.23) CS = 56219.05 + 84.20 DEER. + 286.22 ELKS

(0.379) (3.08) (1.93)

= 0.359 n 20.

Given the very small t-value of 0.379 for the constant term, the

constant was deleted and equation (5.24) was fitted:

(5.24) CS = 93.89 DEERJ + 327.74 ELKS

(9.36) (3.36)

R2 = 0.354 n = 20.

Considerably higher values of t for deer and elk harvested

were obtained in (5.24) as compared to (5.23), indicating more

reliable estimates of value. According to (5.24), each deer

harvested by hunters was worth an average of around $94, and each

elk harvested was worth $328. Of course, a higher (or lower) value

per harvested deer and elk would be obtained if a higher (or lower)

value for the cost of travel time were assumed.
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Table 3. Estimated Consumers' Surplus for Oregon Big Game Resources
to Hunters With Value of Travel Time Equal to One-fourth
the Wage Rate, Using the Instrumental Travel Cost Vari-
able, Equation (5.10)

Subareas
Deer Harvested

in 1968 a/
Elk Harvested

in 1968 b/
Consumers' Surplus

per subarea /

1 4710 15 $668,000

2 4530 259 446,000
3 7810 248 835,000

4 2180 751 645,000
5 1320 444 468,000

6 2410 1046 489,000

7 4960 371 457,000

8 4600 457 624,000

9 5090 425 401,000

10 3660 530 246,000
11 3260 506 678,000

12 730 803 346,000
13 6300 9 902,000

14 4940 52 533,000

15 2970 4 223,000

16 5100 41 550,000
17 4690 2 246,000

18 3300 0 234,000

19 4150 0 267,000

20 6320 0 565,000

Total 83,130 5963 $9,823,000

a!
Reported by Oregon Game Commission (1969) (currently Department
of Fish and Wildlife) Game Management Units of Fort Rock,
Interstate, and Silver Lake were included in the Central region.

Estimated from equation (5.9), using the method proposed by
Gum and Martin, 1975.



Although these estimates of average value per harvested

animal are of some interest and value for public policy decision-

maktng, how do these average values change when the quantity

harvested on a hunting subarea changes? This question is relevant

when increases or decreases in deer or elk herds are proposed for

specific game management units.

To answer this question, the degree of homogeneity of the

value of deer and elk harvested needs to be estimated. In

attempting to estimate the degree of homogeneity, the following

equation was estimated:

(5.25) in CS. = 957 + 0.375 in DEER1 + 0.089 in ELKJ

(6.70) (2.26) (2.45)

R2 = 0.323 n = 20.

The above R2 is in terms of logarithms. In terms of real

numbers for the dependent variable and deviations from regression,

the R2 drops to 0.300.

The coefficients of (5.25) for deer and elk sum to less than

one. This result would indicate that the marginal value of deer

and elk declines for a given hunting subarea as the number harvested

increases However, the logic of equation (5 25) implies a com-

plementary relationship between the harvest of deer and the harvest

of elk. Since the animals are harvested in different seasons, the

double log specification is not really appropriate Furthermore,

(5 25) did not fit the data very well with R2 of only 0 300 in
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terms of the real numbers. Admittedly, a slightly higher R2 can be

obtained for the same functional form of (5.25) by fitting it by

noni-inear least squares (which would minimize the sum of squared

deviations in terms of the real numbers). Using a nonlinear least

square routine, the following was obtained:

(5.26) in CS = 9.04 + 0.507 in DEER + 0.065 in ELK.

= 0.341 n = 20.

Nevertheless, as already noted, the complementarity between

deer and elk hunting implied by the double log specification in

(5.25) and (5.26) is inappropriate. Therefore, a more appropriate

model is needed for estimating the degree of homogeneity, namely,

(5.27) CS = 81DEERJ + 3ELK14

This homogeneous equation does not impose complementarity

between harvest of deer and elk. Fitting (5.27) by means of un-

restricted nonlinear least squares, the following equation was

obtained:

(5.28) cs = 4.975 DEER377 + 1,859 ELK4735

R2 = 0.541 n = 20.

Although the goodness of fit as measured by R' is improved

as compared to the inappropriate double log models of equations

(5.25) and (5.26), the estimated coefficient for = 4.975 seems

far too small. Also, it is of interest to test whether the ex-

ponents for DEER and ELK are significantly different from 1.0.



65

This can be done quite easily by F test to see if the sum of squared

deviations from the regression of (5.28) is significantly smaller

than the sum of squared deviations of the linearly homogeneous

regression of (5.24). Since there are only two regression coef-

ficients to estimate in (5 24), the appropriate F test of the

difference in the sum of squared deviations is given by

1,850(10)
= 0 47 Since this F value falls far short of

6,031(1o)

being significant, the null hypothesis that the consumer surplus

is a linearly homogeneous function of deer and elk numbers

harvested cannot be rejected.

Based upon the preceding analysis, equation (5.24) appears

to be the most appropriate for estimating the marginal value of

additional harvest of mule deer or elk in Central and Northeastern

Oregon. Based upon the assumption of travel time cost equal to

one-fourth the wage rate, values of about $94 per deer and $328

per elk are implied by (5.24), a fairly plausible result. However,

it needs to be kept in mind that these estimated values have been

obtained from a rather crude two-stage procedure More recently,

a regional travel cost method (RTCM) has been reconunended for

estimating the value of marginal changes in quality (Knetsch,

Brown, and Hansen; and Loomis, Donnelly). This RTCM approach will

be explored in more detail later. However, before moving to the

RTCM analysis, an evaluation of the advantages and limitations

of the use of individual observations is presented in Chapter VI.



CHAPTER VI

ESTIMATED DEMAND AND BENEFITS FOR OREGON
BIG GAME HUNTERS BASED ON

UNADJUSTED AND ADJUSTED INDIVIDUAL OBSERVATIONS

As noted earlier in the previous chapters, early research in

the estimation of outdoor recreation demand functions was based

upon average participation rates and travel costs for various

distance zones, e g , Clawson (1959), Brown etal (1964) However,

researchers later suggested that substantial gains in efficiency

in estimating outdoor recreational demand functions could be ob-

tained by using individual observations instead of zone average

(Brown and Nawas (1973); Gum and Martin (1975). However, reser-

vations about the use of the individual observations for estimating

demand functions have more recently been expressed (Brown, etal.,

1983). They argued that if the individual's participation rate

is not adjusted to a per capita basis, then a biased estimate of

the travel cost coefficient could result because the procedure

would not properly account for cases where a lower percentage

of people in the more distant zones participate in the rec-

reational activity.

As explained earlier in Chapter III, measurement error is

an additional difficulty with individual observations, whether

adjusted to a per capita basis or not. This measurement error

would cause bias in the estimated travel cost coefficient

Therefore, it would be interesting to compare demand and benefit
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estimates for Oregon big game by the individual observation approach

(both on an unadjusted and on an adjusted per capita basis) with

the -earlier estimates from traditional zonal average travel cost

models which were given in Chapter V. Demand function for Oregon

big game based upon the unadjusted individual observations will

be presented first in the next section.

Demand Functions Based on Unadjusted
mdi vidual Observations

There were 352 families in the 1968 survey who hunted in

Northeast and Central Oregon, with some families hunting in more

than one hunting area, resulting in 586 origin-destination obser-

vations. These 586 unadjusted individual observations were used to

estimate hunting trips as a function of travel cost and distance.

Coefficients for the resulting regression are presented first

for the hunting trips as a function of travel cost

(6.1) ln TRPS = 0.43603 - 0.00221815 TC1

(16.07) (-7.30)

.084 n = 586.

where numbers in parentheses below coefficients are t values.

Regressing unadjusted individual hunting trips as a function of

both distance and travel cost gave

(6.2) in TRPS = 0.5119 - 0.0009683 DIST1 - 0.001145 TC

(17.17) (-5.53) (-3.23)

= 0.129 n = 586.
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The reduction of the travel cost coefficient, as well as t

value, in equation (6 2) is compared to the travel cost coefficient

andt value in equation (6.1). This is due to the high correlation

between the travel cost variable and the distance variable where

both were independent variables in equation (6.2). Therefore,

regression unadjusted individual hunting trips as a function of

distance only gave

(6.3) ln TRPS.. 0.48262 - 0.0012782 DIST

(16.86) (-8.66)

r2 = 0.113 n = 586.

The t value and the coefficient of the measured one-way

distance variable increased in equation (6 3) as compared to

equation (6.2). This increase was expected due to the multi-

collinearity between the travel costs variable and the distance

variable as both were explanatory variables in equation (6.2).

There is also an interesting relationship between hunting

trip expense and measured one-way distance, as shown in equation

(6.4):

(6.4) = 25.61 + 0.2708 DIST1

(15.83)

.300 n = 586.

Thirty percent of the variation in hunting trip expenses was

associated with measured one-way distance For every additional



mile of measured one-way distance, hunters spent approximately

27 cents more per trip.

Demand Functions Based on the Adjusted
Individual Observations

As noted earlier, Brown, etal. (1983) have argued that

individual observations should be adjusted to a per capita basis.

Therefore, each individual observation was first multiplied by

the sample expansion factor of 284.42, then each individual ob-

servation was divided by its share of the population for its zone

of origin Essentially, one could regard this procedure as similar

to the traditional zone average travel cost model, but there one

had only one observation per distance zone.

A total of 586 individual participation rates per capita

was thereby obtained (along with 586 individually reported travel

costs). Fitting individual participation rates per capita as a

function of travel cost gave the following equation

(6.5) ln TRPSCAPJ = -3.4365 - 0.010498 TC

(-42.30) (-11.54)

.186 n = 586.

It should be noted that in (6.5) the cost of travel time is

assumed to be zero. It should also be noted that the travel cost

coefficient in (6.5) is about five times the absolute value of

its counterpart in the unadjusted individual observation model,

equation (6.1). The smaller travel cost coefficient in equation
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(6.1) implies five times as high a value per trip as compared to

the value estimated from (6.5). (In equation (6.1) the cost of

travel time was also assumed to be zero.)

Regressing individual participation rates per capita as a

function of both one-way measured distance and travel cost gave

the following:

(6.6) in TRPSCAP... -2. 7670 - 0.008540 DIST - 0.001029TC1

(-40.08) (-21.06) (-1.25)

= 0.537 n = 586.

As can be seen, the travel cost coefficient decreased from 0.010498

in equation (6.5) to 0.001029 in equation (6.6). T value decreased

also from 11.54 in absolute value in equation (6.5) to 1.25 in

equation (6 6) This reduction, as explained earlier, was from

the high correlation between the two explanatory variables in

equation (6.6). The measured one-way distance coefficient and t

value would be expected to increase if the individual participation

rates per capita regressed as a function of measured one-way

measured distance, as shown in the next equation.

(6.7) in TRPSCAP1

As a result of dividing each observation by its shareof the

population of its distance zone, a better fit was obtained for
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= -2.7934 - 0.008190 DIST1

(-42.69) (-25.99)

0.536 n = 586.



equations (6.5) and (6.7), as compared to (6.1) and (6.3). The

increased from 0.084 in (6.1) into 0.186 in (6.5), and

increased from 0.114 in (6.3) into 0.536 in (6.7). The t-vaiues

were higher in equations (6.5) and (6.7) as compared to equations

(6.1) and (6.3). These stronger statistical indicators for (6.5)

and (6.7) provide some empirical evidence that the individual ob-

servations adjusted to a per capita basis is a better specifi-

cation of the demand relationship than the simple unadjusted ob-

servation approach.

Estimated Demand Functions Based Upon
Adjusted Individual Observations

With Different Values of Travel Time

Travel Time Valued at One-fourth the Waqe Rate

Refitting equation (6.5) with travel time valued at one-

fourth the wage rate ($O.0875 per mile of one-way distance as

explained earlier in Chapter V) and adding this travel time cost

to the other reported travel costs gave

(6.8) in TRPSCAP = -3.2443 - 0.0111455 TC1

(-39.88) (-14.19)

= 0.256 n = 586.

Comparing equation (6.8) with (6.5), it can be seen that

the absolute value of t for the travel cost variable increased

from 11.54 to 14.19 and the increased from 0.186 to 0.256.

Thus, the inclusion of travel time cost improved the results for
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the travel cost variable. However, an even greater improvement was

obtained by valuing the travel time at one-third and one-half the

wage rate, as shown next.

Travel Time Valued at One-third the Wage Rate

(6 9) in TRPSCAP, = -3 1908 - 0 0111917 TC13

(-39.34) (-14.96)

r2 = 0.277 n = 586.

Travel Time Valued at One-half the Wage Rate

(6.10) In TRPSCAP = -3.0987 - 0.0111118 TC

(-38.52) (-16.38)

= 0.314 n = 586.

Estimated Net Economic Benefits to Hunters
Hunting in Central and Northeast Oregon

It is relatively simple to compute the net ecOnomic value

once the demand has been specified and estimated. The consumer

surplus approach was used to estimate net economic value to the

hunters.

Estimated Benefits for Oregon Big Game
Based on Unadjusted Individual Observations

As mentioned earlier, each individual observation was uti-

lized in some of the regressions without adjusting to a per capita

basis. Equation (6.1) was then used to estimate the individual



consumer surplus by using the Gum and Martin (1975) approach.

Each individual's consumer surplus was first computed for each

of the 586 individual observations. Then, the individual con-

sumer surpluses were added together to give a total of about

$397,650. Then, multiplying $397,650 by the expansion factor,

284.42, gave an estimated total of $113.11 million. This large

value of consumer surplus resulted from the bias in the estimated

travel cost coefficient of equation (6.1), 0.00221815. The main

factor believed to cause the bias in the travel cost coefficient

was because the individual's participation rate was not adjusted

to a per capita basis. Another factor is the measurement error

in the reported travel costs, as discussed earlier in Chapter [II.

It should also be noted that this large consumer surplus of

$113 million was obtained under the assumption of zero cost for

travel time. An even larger consumer surplus would be obtained

from (6.1) if travel time costs were added to the other reported

travel costs. However, since $113 million itself seemed far too

high, it did not seem worthwhile to present the even higher esti-

mates.

Estimated Benefits for Oregon Big Game
Based on Adjusted Individual Observations
With Different Values of Travel Time

In equation (6.5), the travel time is assumed to have a zero

cost (no effect on hunter participation). To compute the consumer

surplus from equation (6.5), each individual's per capita consumer

73



74

surplus was first computed. Then, multiplying by the corresponding

population, the total consumer surplus was obtained for each of the

586 observations. Summing the consumer surpluses for the 586

gave a total of $23.91 million. (It should be noted that the Gum-

Martin procedure was used to compute consumers' surplus.)

As can be seen, a tremendous reduction in total consumer

surplus from $113 11 million, computed from equation (6 1) using

the unadjusted individual observations to $23.91 million, using

equation (6.5), based upon the adjusted individual observations,

was obtained. This reduction, due to the larger absolute value of

the travel cost coefficient of equation (6.5), 0.010498, compared

to the absolute value of the travel cost coefficient of equation

(6.1), 0.00221815. Thus, use of equation (6.5), where each in-

dividual observtion was divided by its share of the population for

its zone of origin,., gave an estimated consumer surplus of one-

fifth the consumer surplus computed from equation (6.1) where

unadjusted individual observations were used.

If the travel time valued is valued at one-fourth the wage

rate, then equation (6.8) should be used to estimate the consumer

surpluses. Again, using the Gum-Martin approach, the consumer

surpluses estimate from (6 8) was approximately $22 52 million

If hunters implicitly consider travel time as a cost to them

of one-third the wage rate, then equation (6.9) should be used to

compute consumer surplus. Based on (6.9), a total consumer surplus

of $22.43 million was computed.
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If travel time is valued implicitly at one-half the wage rate

by hunters, then equation (6.10) would be appropriate for esti-

matnig the consumers' surplus to hunters Based on equation (6 10),

a consumers' value of $22.59 million was estimated. The preceding

consumer surpluses results are summarized in Table 4.

It should be mentioned that the consumers' surplus computed

from equations (6.8), (6.9), and (6.10) was expected to be higher

than $23.91, which was computed from equation (6.5) (where cost of

travel time was assumed to be zero). However, the inclusion of

the travel time cost with the other reported travel costs in

equations (6.8), (6.9), and (6.10) resulted in a reduction in the

computed consumers' surplus from the mentioned equation The

main reason for this paradox is believed to be the existence of

measurement error in the reported travel costs. As will be re-

ported in more detail later, the measurement error problem is

nearly eliminated by the use of an instrumental variable, measured

distance. Therefore, the inclusion of travel time cost also re-

duced the measurement error for the travel cost variable, since

the cost of travel time was computed by multiplying, for example,

one-fourth the wage rate by the time required to travel the

measured distance. Thus, the higher the proportion of the wage

rate, one-third or one-half, the more nearly would the travel

cost variable be correlated with measured distance, the instru-

mental variable Therefore, the effect of measurement error would

be reduced as the proportion of wage rate assigned is increased



Table 4. Estimated Consumer Surplus to Big Game Hunters Hunting
in Central and Northeast Oregon, Based Upon Adjusted
Individual Observations Per Capita and Different Travel
Time Cost Assumptions, 1968 Prices

Assumed Travel Estimated Consumers'
Time Cost Surplus (in millions)

Zero, equation (6.5) $23.91

One-fourth the wage rate
equation (6.8) 22.52

One-third the wage rate
equation (6.9) 22.43

One-half the wage rate
equation (6.10) 22.59
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Since the effect of measurement error is to reduce the ab-

solute value of the travel cost coefficient and to thereby increase

the estimated consumer surplus, reduction of measurement error

reduces the estimated consumer surplus. This reduction in con-

sumer surplus from reduced measurement error tends to offset the

increase in consumer surplus from adding the cost of travel time

to the other reported travel costs, as shown in Table 4.

Another important question concerns the reason for the tre-

mendous discrepancy between the estimated consumer surplus of

$113 million from the unadjusted individual observations, equation

(6.1), as compared to estimated consumer surplus from individual

observations divided by their share of the population, as shown

in Table 4. The main reason is believed to be that the use of

unadjusted individual observations cannot reflect the decrease

in hunter participation at hunting areas far from the hunterts

home, as discussed earlier in Chapter III. The actual decrease

in the rate of participation with increased distance is estimated

in the following section.

Effect of Distance Upon the Oregon Big Game
Hunting Participation Rate

As mentioned earlier, for a given big game hunting area, one

would hypothesize that a larger percentage of the population would

participate in hunting from nearby distance zones and a lower

percentage of population would hunt from those distance zones

which were further away. Therefore, the null hypothesis to be
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tested was that distance would have no effect on the participation

rate (We define the participation rate as being the proportion

of the population who actually participated in the specified ac-

tivity one or more times during the year.) To test this null hy-

pothesis, the proportion of population that actually hunted in a

specified hunting area was fitted by OLS regression as a function

of measured one-way distance from the zone of origin to the hunting

area:

6.11) ln7r.. -2.4314 - 0.008684 DIST.

(-24.92)

= 0.521 n = 586

where was computed by multiplying the number who hunted in

the
th

family observation by the sample expansion factor, then

divided by its share of the population of its distance zone. (Each

individual family observation was allocated an equal share of its

distance zone's population.) In (6.11) DIST is the measured one-

way distance from the
th

family observation's city of residence

to the nearest edge of hunting area j. Hunters who resided in

hunting area j were assigned distance values of zero. The very

large negative value of t = -24.92 indicates that increasing

distance had an extremely strong negative effect on the rate of

hunting participation. Therefore, the null hypothesis that the

hunting participation rate is independent of distance must obviously

be rejected, at least for the Oregon big game hunting data. Of

course, such a tremendous impact of distance on rate of



participation for an outdoor recreational activity may be unusual.

It should be noted that income and distance squared were not sig-

nificant in equation (6.11).

An Alternative to the Per Capita
Specification for mdi vi dual Observations

One obvious way to take account of decreasing participation

rates for those populations greater distances from the recreational

site would be to divide each individual observation by its share of

its distance zoness population, as suggested by Brown, etal. (1983).

However, another procedure has also been developed as a result of

discussion with Professor Kenneth McConnell.4' The main idea

involved is that use of the unadjusted individual observations

as the dependent variable in a travel cost type of model predicts

the average number of trips to be taken at various distances and

travel costs, given that the decision has already been made to

participate in the outdoor recreational activity. However, the

probability of whether or not to participate must also be con-

sidered if an unadjusted individual observation type of model is

to be used. To see why, denote the expected number of trips per

capita, TRPSCAP corresponding to the th observation as

(6.12) TRPSCAP = TtTRPS..

where denotes the probability of participation as defined for

equation (6.11) and TRPS denotes the reported number of trips

by the th respondent. A valid estimate of consumer surplus can

be computed, based upon (6.12). However, it needs to be noted

79



80

that itself is likely to be greatly affected by travel cost and

distance, and this effect should not be ignored in computing the

consumer surplus. That is,

(6.13) TRPSCAP = irTRPS... = f(DIST..) g(D1ST)

Therefore, the computation of consumer surplus cannot validly

be obtained by integrating TRPS15 only when participation,

is also a function of distance, as was shown earlier for big game

hunting in (6.11).

To validly estimate consumers' surplus, based upon (6 12),

equation (6.11) can be used as an estimate of tr, and TRPS1 can

be estimated from the demand equation based upon the unadjusted

individual observations, as given earlier in equation (6.3).

It is easy to obtain a valid estimate of consumer surplus by

integrating the product of equations (6.3) and (6.11). By first

taking the antilogs of (6.3) and (6.11) and adding exponents, this

product gives an estimate of expected trips per capita

(6.14) TRPSCAP = 7r..TRPS.. = 0.14724 - 0.009963 DIST1.

Integrating (6.14), the consumer surpluses corresponding to

each of the 586 individual observations were obtained.W Multi-

plying each consumer surplus by its share of the population and

summing these surpluses gave a total of about $6.85 million.

The Gum-Martin consumer surplus figures in Table 2 can be computed

by dividing the observed number of trips by the absolute value of
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the travel cost coefficient of the semilog demand function, whereas

the traditional consumer surplus can be computed by dividing the

predicted number of trips by the absolute value of the travel

cost coefficient for the semilog function. (It should be noted

that an average travel cost per mile of measured one-way distance

of $0.27 was used. This cost per mile was obtained by regressing

reported trip costs as a function of measured one-way distance,

as explained in equation (6.4). Reported trip costs included five

cents times reported mileage plus cost of food and lodging. No

cost of travel time was added to these other expenses for this

estimate of $0.27 per mile, which would be equivalent to an aver-

age cost per mile of round trip distance of $O.l35.)W

It is interesting that the impact of distance on probability

of participation, Tr, in (6 11) and (6 13) has traditionally been

ignored in estimating consumer surplus from the unadjusted

individual observations. For sake of comparison, if one computed

the consumer surplus from (6.3) and ignored in equations (6.12)

and (6.13). Following this traditional procedure, consumer surplus

was first computed for each of the 586 individual observations.

Adding these 586 consumer surpluses gave a total of $186,203.

Multiplying by the sample expansion factor of 284.42 gave a total

estimated consumer surplus of $52.96 million, a great discrepancy

compared to the $6.85 million estimated earlier

It is also interesting to compare these two estimates with

consumer surpluses obtained from traditional zone average travel

cost models and from the demand based upon individual observations



adjusted to a per capita basis. Consumer surplus estimates from

the zone average travel cost model were based upon equation (5.3)

which was presented earlier in Chapter V. Again, for estimating

consumer surplus, one mile of measured one-way distance was

assumed to represent a cost of $0.27, as explained earlier. Coin-

puting the per capita consumer surplus for each zone, then multi-

plying by the corresponding zone population, the total consumers'

surolus was obtained for each of the 145 zones Summing the

consumers' surplus for the zones gave a total of about $7.42

million, fairly close to the $6 85 million obtained by following

the interpretation of professor McConnell's suggested procedure.

Consumers' surplus was also obtained from a model based upon

the individual observations adjusted to a per capita basis, as

suggested by Brown etal., 1983. To compute consumers' surplus

equation (6.7) (which was presented earlier in this Chapter) was

used. The per capita consumers' surplus for each individual was

first computed and then multiplied by its share of its distance

zone's population. Summing these consumer surpluses corresponding

to the 586 individual observations gave a total of $7.68 million.

(Again, a travel cost of $0.27 per mile of measured one-way

distance was used -- just as for the previous three estimates of

consumers' surplus.)

The four different estimates of consumers' surplus are shown

in Table 5. The last three estimates in Table 5 are approximately

close to each other, especially considering that completely

different definitions and equations were used for those three
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Computed by the Gum-Martin method (Gum and Martin, 1975).

Table 5. Estimated Consumers' Surplus to Hunters of Central and Northeast Oregon Big Game,
Based Upon Four Different Methods of Estimation

Method of Estimation

Estimated Consumers'
Surplus

per Trip

Estimated Total
Consumers' Surplus 8/

(millions)

Unadjusted Individual Observations,
Equation (6.3) $211 $52.96

Approach Resulting from McConnell's
Discussion, Equation (6.14) 27 6.85

Traditional Zone Average Travel Cost
Model, Equation (5.3) 30 7.42

Individual Observations Adjusted to
a Per Capita Basis, Equation (6.7) 31 7.68



estimates. By contrast, however, the unadjusted individual obser-

vation (ulO) approach gave an estimate of over six times that of

the-other three, an obviously untenable result. Based upon the

empirical estimates of consumer surplus from big game hunting in

Table 6, the UlO approach cannot be considered reliable.

An Instrumental Travel Cost Variable
Based Upon Measured Distance

As mentioned earlier, a difficulty with individual obser-

vations, whether ad3usted to a per caoita basis or not, is that

there is some error by respondents in reporting their travel costs

(Brown, Sorhus, Chou-Yang, and Richards, 1983). Most of the

hunters do not remember exactly how many miles they did travel on

their hunting trips nor exactly how much money they spent on

food, lodging, and other items. This measurement error leads to

a serious estimation bias in the travel cost coefficient (ex-

plained earlier in Chapter III).

One proposed way to deal with the above measurement error

problem is to replace the travel cost variable with a so-called

instrumental variable where the instrumental variable is not

correlated with the error term of the equation being estimated.

It should be noted that the instrumental variable should be

strongly related to both the dependent variable and the explàna-

tory variable with the measurement error. In this thesis, the

one-way measured distance to the hunting site is used as an

instrumental variable because it is highly correlated with
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individual participation rates per capita and the reported travel

costs It also is independent of any errors associated with the

dependent variable (individual participation rates per capita)

and the error term of the travel cost equation, as explained

earlier in Chapter III. Equation (6.4) was used to compute the

instrumental variable where the travel cost was estimated as

25.61 + .2708 DIST1 where DIST was measured one-way

distance from origin i to destination j. Therefore, regressing

individual participation rates per capita, TRPSCAP as a function

of gave:

(6.15) in TRPSCAP1 = -1.9593 - 0.03257TC

(-21.03) (-25.99)

.536 n = 586.

It should be noted that the coefficient of the travel cost

coefficient in (6.15) is more than three times the absolute value

of its counterpart in the adjusted individual observation per

capita model, equation (6.5). This higher travel cost coefficient

in equation (6.15) implies a lower consumers' surplus as compared

to the consumers' surplus computed from (6.5), as will be pre-

sented later in the next section.

In the above equation (6.15), travel time is assumed to be

zero. If travel time is valued at one-fourth the wage rate, then

a value of $0.0875 per mile of one-way distance needs to be added,

as explained in the preceding section. Adding the value of time

implies that = 25.61 + (.2708 + .0875)DIST or



TC1 = 25.61 + 0.3583 DIST. Using this estimated value for

TC1 gives the following equation:

(6.16) in TRPSCAP.. = -2.1630 - 0.024614 TC1

(-25.09) (-25.99)

= .536 n = 586.

If the value of travel time is assumed to be equal to one-third

the wage rate, then = 25 61 + 0 3875 DIST1J, and the associated

estimated individual participation rates per capita are given by

(6.17) in TRPSCAP -2.2105 - 0.022759 TC1

(-26.14) (-25.99)

.536 n = 586.

Similarly, if the travel time is valued at one-half the wage

rate, then = 25.61 + 0.4458 DIST11 and the estimated in-

dividual participation rates per capita are given by:
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The inclusion of travel time in equation (6.16), (6.17), and

(6.18), as compared to equation (6.15) where travel time was valued

at zero, led to a decrease in the travel cost coefficient in

absolute values as presented in the previous equations. This

(6.18) in TRPSCAP = -2.2867 - 0.019783 TC1

(-27.88) (-25.99)

r2 = .536 n = 586.



decline in the travel cost coefficient will yield higher consumers

surpluses for equations (6.16), (6.17), and (6.18) as compared to

equ&tion (6.15), and that will be presented in the next section.

Estimated Benefits Based on
the Instrumental Travel Cost Variable

and Varying Values of Travel Time

After adjusting the individual observations to a per capita

basis, there is still some measurement error in the travel cost

variable, since most hunters will not remember very well how many

miles they traveled, nor how much money they spent on their hunting

trips. These errors would cause some bias in the travel cost

coefficient (will underestimate the travel cost coefficient and

result in overestimation of consumers' surplus).

In an earlier equation (6.4), reported travel cost was re-

gressed against one-way measured distance. A predicted travel

cost from this regression was used as the instrumental variable

to obtain equations (6.15), (6.16), (6.17), and (6.18). Con-

sumers' surplus computed from equation (6.15) was $7.72 million

(where cost of travel time was assumed to be zero). This value

of $7.72 million is about one-third the consumers' surplus,

$23.91 million, computed earlier from equation (6.5). This re-

duction in consumers' surplus is due to the large absolute value

of the travel cost coefficient of equation (6.15), 0.03257, as

compared to the absolute value of the travel cost coefficient of

equation (6.5), 0.010498. Thus, the use of the instrumental

variable approach gave reasonable estimates of consumers'

surplus.
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If the cost of travel time is assumed to be one-fourth the

wage rate, then equation (6.16) should be used to estimate

consumers' surplus, resulting in a total of $10 20 million

Similarly, at one-third the wage rate, a total of consumers'

surplus of $11.03 million was computed from equation (6.17).

Again, if travel time is valued at one-half the wage rate,

equation (6.18) would be appropriate and would result in a total

consumers' surplus of $12.69 million. It should be noted that

all the preceding estimation of consumers' surplus was based

upon the Gum-Martin approach. The preceding results are sum-

marized in Table 6.

The large potential for bias in the travel cost coefficient

from the use of reported travel costs with attendant measurement

errors likely resulted in overestimation of consumers' surplus,

as indicated earlier in Table 4. The total net economic bene-

fits to hunters in Table 4 were estimated to be from $22.43 to

$23.91 million for big game hunting in Central and Northeast

Oregon. To overcome the measurement error problem, an instru-

mental variable was used in the travel cost model and, as ex-

pected, appeared to give more accurate coefficients and more

reasonable benefit estimates, as shown in Table 6.

Based upon the analysis in this Chapter, there would seem

to be two important considerations in the use of individual

observations for estimating travel-cost based demand functions

for outdoor recreation. First, if reported travel costs are
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Table Estimated Consumers' Surplus to Big Game Hunters Hunting in Central and Northeast
Oregon, Based on Adjusted Individual Observations Per Capita with Instrumental
Travel Cost Variables and Different Travel Time Values, 1968 Prices

Assumed Travel Estimated Consumers' Surplus
Time Cost (in millions)

Zero, equation (4.15) $7.71

One-fourth the wage rate,
equation (4.16) 10.20

One-third the wage rate,
equation (4.17) 11.03

One-half the wage rate,
equation (4.18) 12.69



used as an explanatory variable, some method to alleviate measure-

ment error, such as an instrumental variable approach, is recom-

mended. Secondly, if the participation rate is significantly

affected by distance or travel costs, this decreased participation

needs to be accounted for in the analysis, such as adjusting the

individual observations to a per capita basis.
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CHAPTER VII

REGIONAL TRAVEL COST ESTIMATES OF
MARGINAL VALUES OF DEER AND ELK HARVEST

As mentioned earlier, the use of the traditional travel cost

method for estimatng the value of fishing and hunting activities,

such as by Brown, Singh, and Castle (1964) and Wennergren (1967),

has been somewhat limited for public decisionmaking purposes

because these studies have not provided value estimates for the

quality of the fishing and hunting experience. Consequently,

needed estimates of marginal values associated with marginal

changes in quality of recreation usually have not been available.

An attempt will be made to measure both the quality and effect

of substitutes and their impact upon the recreational benefits

by means of a regional travel cost model. The results of this

analysis are presented in the next section.

Before presenting the estimated demand equations for the

regional travel cost method (RTCM), it should be noted that

the data were grouped into five large geographical areas, which

corresponded to the administrative regions of the Oregon Game

Commission (currently Department of Fish and Wildlife). The

location of these five administrative regions, and the game

management units within each region, were shown earlier in Figure

3. It should be noted that the five administrative regions were

divided into 30 hunting areas (destinations), where each hunting
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area was constructed from one or more game management units. The

demand analysis for this chapter will be concerned with all five

regions.

There were 552 families in the 1968 survey who hunted in

all five hunting regions, with some families hunting in more than

one hunting area, resulting in 1,030 origin-destination obser-

vations. These 1,030 observations were used to construct 214

distance zones with four to five observations per zone. Only

four to five observations were used per zone so as to make the

zones small enough for good geographical dispersion of origins

and destinations throughout the state.

Fitting the data to a model similar to the generalized

least squares model, suggested by Bowes and Loomis (1980), the

following equation was obtained.

(7.1) TRPSCAP..V'pOp. = 8.98214 - 0.0002595 DIST (pop1
35

(7.04) (-4.13)

HARV .Vpop. HARVkV'POPi
+ 0 0001504

1
0 00004536

01ST
(4.50)

13 (-4.23) ik

- 0.00000000054

(-3.04)

2
HARV /pop.1

DIST..
13

= 0.515 n=214

In equation (7.1), Iop refers to the square root of the

population of the ith distance zone origin. TRAPSCAP denotes

trips per capita from the ith distance zone origin to the hunting
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area j. 01ST.. is the measured one way distance from the ith

hunter's city of residence to the nearest edge of hunting area j.
HARV.

QuaLity of the hunting area j was approximated by
DIST

where
13

HARV. denotes a measure of the deer and elk harvested in 1968 in

the jth hunting area. (It should be noted that HARVJ was quanti-

fied on a 'deer equivalent" basis, i.e., HARV = 1.0 DEER +

4.0 ELK. The number four was chosen because the hunters hunted
3

approximately four times as many days per elk harvested as per

deer harvested.)

The effect of substitute hunting areas was designed to be

HARVk
captured by the third explanatory variable,

lST
, where HARVk

ik

denotes a similar weighted measure of harvest of deer and elk for

the kth hunting area, and DIST.k denotes the measured one way

distance to the nearest edge of the kth hunting area. The kth

hunting area was chosen among the various hunting areas by
NARy,

selecting that area with the largest value for
01ST

. It should
ik

be noted, however, that this procedure for computing the substitute

variable was somewhat different for those families who lived in

the same administrative region that they hunted in. For example,

if a hunter resided in Multnomah County and he hunted in one of

the hunting areas of the Northwest region, his substitute hunting

area was restricted to be outside his own region, in this case one

of the hunting areas of the Southwest region since it had the
HARV

largest value for . But if the hunter resided in, for
ik

example, Multnomah County and hunted in a hunting area of the
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Northeast region, his substitute hunting area was permitted to be

one of the hunting areas of his own region, i.e., the Northwest

region where he resided. The reason for this variation in the

procedure was that the substitute hunting area should be a different

region than the one where he hunted.

The quality squared variable was included in equation (7.1)

to see if the marginal value per animal increases or decreases

with additional animal harvest. A decreasing marginal consumer

surplus per animal added would not violate the simple property of

a downward sloping demand curve. Although several other linear,

exponential, and double log RTCM specifications were tried,

equation (7.1) gave by far the highest t values on the coef-

ficients for the quality, substitution, and quality squared

variables. Also, (7.1) gave the highest R squared values as

well as the expected signs on all the coefficients.

Estimated Average and Marginal Values
Per Animal Harvested Based Upon
the Regional Travel Cost Method

In order to estimate the marginal values per animal harvested,

the traditional procedure of computing the comsumers' surplus needs

to be used rather than the approach suggested by Gum and Martin.

The reason is that the traditional consumers' surplus is com-

puted for each zonal observation by calculating the area beneath

the demand curve predicted for that zone and the average travel

cost observed for that zone. This traditional procedure, based

upon predicted quantities, permits the changing of the quality

variable while leaving all the other variables of equation (7.1)



unchanged. Thus, a new predicted demand curve is obtained and is

used to compute the change in consumers' surplus associated with

the change in animal harvest.

If the hunters' travel time is assumed to have no effect on

hunter participation, then hunter travel time should be assigned

a zero value, and equation (7.1) can be used for estimating the

hunters' surplus. To estimate consumers' surplus from (7.1), the

consumers' surplus for each zone was first computed. Then summing

the consumers' surplus for the 214 zones gave a total estimated

net economic benefit of $13.32 million for all big game hunting

in Oregon. (Again, for estimating consumers' surplus with zero

cost of travel time, one mile of measured one-way distance was

assumed to represent a cost of $0.27, as explained earlier in

Chapters V and VI.) if a value of travel time equal to one-fourth

the wage rate is assumed, then a value of $0.0875 per mile of

one-way distance needs to be added to $0.27, as discussed in

Chapters V and VI. Adding this cost of travel time resulted in

a consumers' surplus of $17.64 million for all Oregon big game

hunting. If the value of travel time is assumed to be one-

third the wage rate, then a value of $0.1167 per mile of one-way

measured distance should be added to $0.27, resulting in a con-

sumers' surplus of $19.07 million for Oregon big game hunting.

A total consumers' surplus of $21.95 million is obtained if cost

of travel time is assumed to be equal to one-half the wage rate.

The preceding results are summarized in Table 7. (It should be
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Table 7. Total Estimated Net Economic Benefits to Hunters for Oregon
-- Big Game Hunting, Based Upon a Regional Travel Cost Model

with Four Travel Time Cost Assumptions, 1968 Prices

Assumed Travel
Time Cost

Consumer Surplus
from Instrumental

Travel Cost Variable
(millions)

Zero $13.32

One-fourth the wage rate 17.64

One-third the wage rate 19.07

One-half the wage rate $21.95



noted that measured one-way distance again was used as an instru-

mental variable to replace reported travel costs, as discussed

in more detail earlier in both Chapters V and VI.)

As mentioned earlier, the five administrative regions were

divided into 30 hunting areas, where each hunting area was con-

structed from one or more game management units. One hunting area

of the Northeast region was selected to illustrate the use of the

RTCM, (7.1). The hunting area, composed of the Desolation and

Starkey game management units (numbers 11 and 52), was used to

estimate changes in marginal and average values from additional

animal harvest, as shown in Table 8. The Desolation and Starkey

game management units had a 1968 harvest of 2,370 deer and 1,046

elk, resulting in a total harvest of 6,594 deer equivalents, where

each elk was equal to four deer, as explained earlier.

Based upon Table 8, the average value per deer harvested

was about $83, while the average value of elk harvested was about

$332 (since, by assumption, each elk was set equal to four deer

as explained earlier). The marginal value per deer and elk from

additional harvest of deer and elk is about $66 and $264, re-

spectively. Of course, a higher (lower) average and/or marginal

value per harvested deer and elk would be obtained if a higher

(lower) value for the cost of travel time were assumed. It should

be noted that the projection of changes in marginal and average

values from additional animal harvest was obtained by assuming

that all other variables of equation (7.1) remained unchanged,
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Table 8. Estimated Changes in Marginal and Average Values from
Additional Animal Harvest, Based Upon the Regional
Travel Cost Model

Reported
Fish and
6554 was
Starkey,

Esti mated

with cost
wage rate

by Oregon Game Commission (currently Department of
Wildlife), 1969 Annual Report. The total harvest of
obtained from game management units of Desolation and
where each elk is equal to four deer.

from equation (7.1), using the traditional procedure
of travel time assumed to be equal to one-fourth the
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HARV'
Consumers'

Surpl us-"

Average Value
per Animal

Harvested

Marginal Value
per Animal from

Additional Harvest

6594 $548,291 $83.15

66.42

6694 554,933 82.90

63.20

6794 561,252 82.61

61.24

6894 567,376 82. 30
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except the quality variable. These average estimates of $83 per

deer harvested and $332 per elk harvested are close to the previous

estimates of an average of $94 per deer harvested and $328 per

elk harvested, estimated from regressing consumers' surplus as

a function of deer and elk harvested.

The HARV. for the RTCM was defined as mentioned earlier to

be on a "deer equivalent basis," and this approach can be questioned.

The reason that the HARV was defined in this way was because the

data cards did not specify whether the hunting trips were for

deer or for elk, and the original questionnaires were unfortu-

nately discarded. More accurate results might have been possible

by fitting separate regional travel cost models for deer and elk;

therefore, for this reason and other reasons, a new survey of

Oregon big game hunters is needed.

Based upon the regional travel cost model (RTCM), the marginal

value was about 80 percent of the average. And even though the

RTCM gave somewhat reasonable estimates of marginal and average

values per animal harvested, it should be noted that different

values per animal harvested could be obtained by changing the

model specification. Also, the way that the quality and sub-

stitute variables are defined has an impact upon the estimated

average and marginal values per animal harvested. More research

is needed to find the most appropriate way of specifying the

regional travel cost model.



CHAPTER VIII

SUMMARY AND CONCLUSIONS

The fact that much of outdoor recreation is provided by public

agencies creates an economic problem, specifically that of meas-

uring the value of a recreational resource which does not have a

conventional market price. Without a price to guide or direct

the allocation of publicly owned natural resources, it is more

difficult to obtain optimal decisions in allocation of these publicly

owned resources among alternative uses, including recreation,

timber, and domestic livestock production. The absence of a price

for various outdoor recreational activities has been a challenge

to a number of economists to develop methods to estimate the

economic values accruing to outdoor recreation.

In Oregon, the big game resource has a substantial impact on

the economy of the state. One positive value of the recreational

use of this resource relates to the generation of income that

benefits local economies. Negative values of big game include its

competition for resources used for timber production and/or live-

stock grazing on both public and private land.

In order to better assess the value of the big game resource,

a mail survey of Oregon big game hunters was conducted during the

fall of 1968. In the first phase of the survey, about 3,000

questionnaires were mailed to a random sample of licensed hunters

before the general deer season. This first questionnaire was
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concerned with the investment by the hunter and his family in hunting

and associated equipment. In the second phase of the survey, big

game hunting trip records were mailed to the hunters. The hunters

were asked to record all their hunting trip expenses in these

hunting trip records. The data used in this study were obtained

from the second questionnaire, the hunting trip record.

The travel cost method (TCM) was used in this study. With

the TCM, travel costs are used as a proxy for price, and the demand

function is estimated from the respondents' prices and trip quanti-

ties. Then, willingness of the respondent to pay is deduced from

the respondents' estimated demand for the recreational activity.

The travel cost method has been the dominant indirect approach over

the years; it has stood the test of time, and it is generally

recommended for use whenever possible (Dwyer, Kelly, and Bowes,,

1977).

The concept of consumer surplus was used, in conjunction with

the travel cost based demand functions, to estimate the net economic

value of Oregon big game. However, before discussing the various

estimates of benefits, it should be noted that one would expect

that there were substantial errors in the travel costs reported

by the hunters, due to recall error and lack of recordkeeping on

the hunting trips. Therefore, this would lead to the well-known

"measurement error" problem with the crucial travel cost variable.

As discussed earlier, in detail in Chapters V and VI, measured

one-way distance from the hunter's residence to the edge of his



102

hunting area was used as an instrumental variable as a solution to

the measurement error problem. (If the reported travel costs them-

selves were used, then a substantial bias in the important travel

cost coefficient would be expected, as detailed in Chapters V and

VI.)

It should be noted that the original travel cost method was

based upon distance zone averages, both for the dependent variable,

trips per capita, and for the explanatory variable, travel costs.

However, later researchers, e.g., Brown and Nawas (1973) and Gum

and Martin (1975), suggested that the use of individual observations

might provide more information. One proposed individual observation

approach (Brown, Sorhus, Chou-Vang, and Richards [1983]) is to

adjust the individual trips to a per capita basis, just as is done

for the traditional zone average model.

The preceding two approaches were used to estimate the demand

for big game hunting, and the consumers' surplus was computed from

these demand functions and is presented in Table 9. When reported

travel costs were used as the explanatory variable, the estimated

consumers' surplus from the individual observations adjusted to a

per capita basis, was much larger due to the much larger component

of error contained in the individual reported travel costs. As was

shown in Chapter III, the effect of measurement error reduces the

absolute value of the travel cost coefficient and thereby increases

the estimated consumer surplus. Therefore, reduction of measurement

error reduces the estimated consumer surplus. It also is easy to



Table 9. Estimated Consumers' Surplus to Big Game Hunters Hunting in Central and Northeast Oregon,
Based Upon Reported Travel Costs Versus an Instrumental Travel Cost Variable with four
Travel Time Cost Assumptions, 1968 Prices

a!

b/

Consumer
From Zone

Surplus
a

Average -

Consumer Surplus
From Individual Observation

Adjusted to a Per Capita Basis

Computed by the Gum-Martin method (1975).

The instrumental travel was computed from the regression of reported travel costs as a
function of measured one-way distance from the hunter's residence to the edge of the
hunting area.

With Average
Reported Travel

Costs
(millions)

With Instrumental
Travel Cost

Variable
(millions)

With Individual
Reported Travel

Costs
(mill ions)

With Instrumental
Travel Cost
Variable b/
(mill ionsT

$12.84 $7.42 $23.91 $7.71

13.94 9.82 22.52 10.20

14.44 10.62 22.43 11.03

15.21 11.23 22.59 12.69

Assumed Travel
Time Cost

Zero

One-fourth the
wage rate

One-third the
wage rate

One-half the
wage rate
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see mathematically that the measurement error in the travel costs

should be substantially reduced by the averaging procedure of the

traditiona'l TCM. This expected result from the traditional zone

average travel cost approach is shown by the empirical estimates

of consumers' surplus in Table 9 The estimated consumers' surplus

for Oregon big game hunters hunting in the Northeast and Central

regions and based upon the traditional average reported travel costs

ranged from $12.84 to $15.21 million, depending on the assumed cost

of travel time. Total consumers' surplus ranged from $22.43 to

$23 91 million for the same two regions when estimated from the

individual observations adjusted to a per capita basis, as also

shown in Table 9.

It is believed that the measurement error problem essentially

was eliminated by using an instrumental variable, measured one-way

distance, for both the individual observations and the traditional

zone averages. Measured one-way distance was an ideal instrumental

variable since it was highly correlated with the dependent vari-

able, number of hunting trips, and with the reported travel costs.

(In fact, measured distance was more highly correlated with the

dependent variable than was reported travel costs.) In addition

to being very significantly related to reported travel costs,

measured one-way distance (DIST..) is obviously independent of any

errors associated with the dependent variable, reported number of

hunting trips, and the corresponding error term of the travel

cost equation, as explained in Chapter III.
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The instrumental travel cost variable, DIST, was used to

replace reported travel costs in the demand functions for Oregon big

game1 and the consumers' surplus was computed for these demand

functions and also is presented in Table 9. The consumers'

surplus based upon the instrumental travel cost variable, DIST1

gave very similar estimates for both the traditional and the in-

dividual observations adjusted to a per capita basis, as can be

seen in Table 9.

An alternative approach to the per capita specification for

the individual observations for estimating the recreational demand

function and net economic benefits resulted from a discussion

with Professor McConnell. The main idea involved is that use of

the unadjusted individual observations as the dependent variable

in a travel cost type of model predicts the average number of trips

to be taken at various distance and travel costs, given that the

decision has already been made to participate in the outdoor rec-

reational activity. However, the probability of whether or not

to participate also should be considered if an unadjusted individual

observation type of model is to be used. (This approach was

examined in detail in Chapter VI.) This third approach involved

the estimation of a probability of participation equation, which

was then combined with the unadjusted individual observation type

of travel cost model before computing the consumers' surplus.

For sake of comparison, a fourth approach was used to estimate

consumers' surplus which was based solely upon the travel cost
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type of model estimated from the unadjusted individual observations.

For this model, the dependent variable was the number of hunting

trips reported by the individual, and this number was not divided

by its share of the population of its distance zone. As noted

earlier, this type of model actually predicts the average number

of trips taken, given that the decision has been made to par-

ticipate in the recreational activity. As might be expected, this

"pure" unadjusted individual observation approach gave a very high

estimate of consumer surplus per trip of $211, as shown in Table

10.

All the preceding four approaches for estimating net economic

benefits were fitted by OLS using the instrumental travel cost

variable, measured one-way distance, to estimate four different

underlying demand functions. These four underlying demand esti-

mates were used to compute the consumers' surplus for Oregon big

game hunting in Northeast and Central Oregon. Two of the approaches,

individual observations adjusted to a per capita basis and the

traditional zone average travel cost model, gave very similar totals

of $7.68 and $7.42 million, respectively. The third approach,

based upon the discussions with Professor McConnell, also gave a

similar total of $6.85 million. However, a total consumer surplus

of $52.96 million was obtained from the unadjusted individual ob-

servation (lilO) approach. These results are all summarized in

Table 10.

It should be noted that an average travel cost per mile of

measured one-way distance of $0.27 was used for the results in



Measured one-way distance from the hunter's residence to the
edge of the hunting area, DIST.., was used as an instrumental
variable.

b/
Computed by the Gum-Martin method (Gum and Martin, 1975).
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Table 10. Estimated Consumers' Surplus to Hunters of Central and
Northeast Oregon Big Game, Based Upon Four Different

a!Approaches Using an Instrumental Travel Cost Variable

Estimated
Method of Consumers' Surplus
Estimation per Trip

Estimated Total
b

Consumers' Surplus
(millions)

Unadjusted Individual
Observation $211 $52.96

Approach Resulting from
McConnell 's Discussion 27 6.85

Traditional Zone Average
Travel Cost Model 30 7.42

Individual Observations
Adjusted to a Per
Capita Basis 31 7.68
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Table 10. This cost per mile was obtained by regressing reported

travel costs as a function of measured one-way distance. Reported

travel costs included five cents times reported mileage plus cost of

food and lodging. No cost of travel time was added to the reported

travel cost for the results shown in Table 10. However, other esti-

mates of consumers' surplus, based upon various assumed costs of

travel time, were presented in Chapters V and VI.

With regard to the accuracy of estimation by the traditional

zone average travel cost method versus the individual observation

adjusted to a per capita basis versus the approach developed from

discussion with professor McConnell, only relatively small dif-

ferences were observed. However, the unadjusted individual ob-

servations (UlO) approach gave estimates that were eight times

larger than the estimates from the other three approaches. Although

the "true" consumers' surplus is obviously unknown, the estimates

from the UlO approach appear to be far too high when compared to

the other three estimates, and when considering the logical short-

comings of the UlO approach.

In fairness to the UlO approach, it should be noted that big

game hunting in Central and Northeast Oregon may be a somewhat

extreme case since it drew resident Oregon hunters who lived

several hundred miles away, but at much lower participation rates.

(No out-of-state hunters were used in any of the analyses.) There-

fore, one would expect a larger overestimate of consumers' surplus

from the UlO approach for Oregon big game hunting because of the
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great difference in participation rates between nearby versus more

distant residents, which the tilO approach cannot take into account,

except by using some specific additional analysis, such as that

developed from discussion with Professor McConnell. The degree of

overestimation of consumers' surplus by the simple tb approach is

directly related to the impact of distance upon the per capita

participation rate. The more sharply that the participation rate

declines with increasing distance, the greater would be the over-

estimation expected from the tb approach.

It is not clear from the analysis which of the last three

approaches for estimating consumers' surplus in Table 11 would

usually be the most accurate since all three are in relatively

close agreement. An extensive set of Monte Carlo experiments might

be useful to determine which of the three methods would yield the

most accurate estimates of consumers' surplus under various spe-

cific conditions.

Based upon the traditional single site types of travel cost

models in Chapters V and VI, an attempt was made to estimate the

marginal value of deer and elk harvest. However, before presenting

these results, it should be noted that the data were grouped into

five geographical regions, which correspond to the administrative

regions of the Oregon Game Commission. The locations of these five

administrative regions, and the game management units within each

region, were shown earlier in Chapter V, Figure 3.

Twenty distinct hunting areas (destinations) were constructed

from the total land area of the Central and Northeast Oregon, where
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each hunting area contained one or more game management units. The

use of the 20 hunting areas permitted an examination of the relation

between the number of deer and elk harvested and the estimated

consumers' surplus for each of the 20 hunting areas, as discussed

earlier in Chapter V. (The number of deer and elk harvested in

the 20 hunting areas of Central and Northeast Oregon, along with

the estimated consumers' surplus for each hunting area, was shown

earlier in Table 3 of Chapter V.) By regressing consumers' surplus

for each of the 20 hunting areas as a linearly homogeneous function

of the deer and elk harvested in each hunting area, a marginal

value of harvested mule deer and elk was obtained. Based upon the

assumptions of linear homogeneity and of travel time cost equal to

one-fourth the wage rate, values of about $94 per deer and $328 per

elk were estimated. It needs to be kept in mind that these esti-

maded values were obtained by following a procedure similar to

one first proposed by Samples and Bishop (1985).

More recently, a regional travel cost method (RTCM) has been

recommended for estimating the value of marginal changes in quality

by including quality and substitute sites directly in the demand

equation. (The traditional simple site type of travel cost model

fails to consider quality and substitution directly in the esti-

mated demand equation. The traditional travel cost model has been

criticized because the greater the distance is from a particular

site, the greater are the number and appeal of available substitutes

for that particular site since other sites may become relatively

cheaper in time and money.)



111

Before presenting the estimated consumers' surplus from the

RTCM, it should be noted that ten more distinct hunting areas from

the -Northwest, Southwest, and Southeast regions of Oregon were added

to the 20 hunting areas of Central and Northeast Oregon, giving a

total of 30 hunting areas. Each hunting area consisted of one or

more game management units.

Based upon the RTCM and with cost of travel time assumed to be

one-fourth the wage rate, a total consumers' surplus for Oregon big

game hunting of about $17.64 million was obtained. Dividing the

total RTCM estimate of consumers' surplus by the total number of

deer equivalent units harvested in 1968 (189,020), gave an average

of about $93 and $372 per deer and elk harvested, respectively. (It

should be noted that this total 189,020 deer equivalent units

harvested in 1968 was composed of 151,380 deer harvested and 9,410

elk harvested.) The "deer equivalent basis" used in the RTCM was

constructed by assuming that each elk was equal to four deer. The

number four was selected because the hunters hunted approximately

four times as many days per elk harvested as per deer harvested,

and this approach could be questioned. The reason that harvest was

defined this way was because the data cards did not specify whether

the hunting trip was for deer or for elk. More accurate estimates

might be possible by fitting separate RTCM's for deer and for

elk. Therefore, a new survey of hunters is needed for this and

other reasons.

Based upon the estimated RTCM, average and marginal values

were estimated for a representive hunting area of Northeast Oregon.
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Based upon assumed increases of 100 units in the "deer equivalent"

measure of quality, an average marginal value of $66 per deer was

obtained for first increase of 100, $63 for the second increment

of 100, and $61 per deer for the third increment. These marginal

values were about 80 percent of the average consumers' surplus per

deer for this hunting area of $83. (All values were in terms of

1968 dollars. More details were presented in Chapter VII.)

The preceding marginal values from the RTCM appear reasonable.

However, it should be mentioned that the more complex RTCM seemed

much more sensitive to minor changes in model specification than

the more traditional single site type of travel cost models pre-

sented in Chapters V and VI. Therefore, the above estimates of

marginal values from the RTCM have to be regarded with caution.

Limitations and Recommendations
for Further Research

At this point it should be noted that results obtained in this

thesis will not solve all of the problems associated with the big

game resource. For example, willingness to pay by the hunters is

not directly related to the economic activity generated by hunting.

It is true that the economic impacts can be estimated from some of

the same data used to estimate willingness to pay. However, the

1968 data did not give any information about where expenditures

were made. Consequently, a survey of hunters is needed that would

indicate the counties in which the expenditures are made. Such

data then could be used to show where the economic activity
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generated from hunting occurs. At this time it is thought that only

a small percentage of total expenditures by hunters are made in the

Northeast Oregon counties where most of the big game hunting is

done.

Ward (1984) recently noted that only exogenous costs should be

included in the travel cost variable. Some of the food and lodging

expenditures reported were likely endogenous in nature since these

types of expenditures are often within the control of the rec-

reationists. However, the questionnaire was not designed to

differentiate between the endogenous versus exogenous costs of the

respondent.

It also should be noted that the basic data used for esti-

mating the net economic value of big game hunting are now nearly

17 years old. Changes in transportation costs, big game herd

composition and location, and hunting patterns would likely change

the estimates of net economic value. Therefore, a new survey of

Oregon big game hunters is needed.

Finally, the regional travel cost model seems promising in

the estimation of average and marginal values per animal harvested.

However, more research is needed on the proper specification of

this type of model.
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2/

EN DNOT ES

Traditionally, consumers' surplus was computed for each zonal
observation by calculating the area beneath the demand curve
predicted for that zone and above the average travel cost
observed for that zone. Essentially, the Gum-Martin approach
was similar except that they shifted the predicted demand for
the observation up or down so that the demand curve would
exactly pass through the observed quantity-travel cost point.
(Although Gum and Martin developed their method for use with
individual observations, it also is used easily for zone
average observations, as in this paper.) As noted by Ward,
one advantage of the Gum-Martin procedure is that it always
yields a nonnegative consumers' surplus, in contrast to the
traditional procedure where one must arbitrarily set con-
sumers surplus equal to zero for each negative predicted
quantity. The problem of negative predicted values with a
linear demand function is alleviated by using the Generalized
Least-Squares (GLS) approach of Bowes and Loomis, but is not
completely eliminated since one or more negative predicted
quantity values may still occur. Of course, negative pre-
dicted quantities are eliminated by using the semilog
functional form for the fitted demand function. Also, this
algebraic form of the demand function has given good results
in other respects as noted by Strong and others.

As shown in equation (5.21), income is an important component
in the specification of the demand function for big game
harvest. In the case of Oregon big game the quantity of
hunting trips (the dependent variable) was regressed against
explanatory variables, such as reported travel costs,
measured one-way distance, and income. Unfortunately,
income was not statistically significant (with the wrong
sign for the income coefficient as well as very low t values)
in all the demand equations estimated in this study.

An excellent treatment of theoretical considerations in wild-
life recreation, including the effect of assuming an endog-
enous versus an exogenous catch rate, has been presented by
Bockstael and McConnell.

This statement is not intended to imply endorsement by Pro-
fessor McConnell of the specification of the equations that
will be used in the following analysis. In fact, he would
justifiably prefer a set of equations that could be derived
from the theory of individual decision-making. Nevertheless
although arbitrarily specified, the equations and analyses
do illustrate the importance of considering the imapct of
distance or travel costs on the rate of participation.

114
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ENDNOTES (cont.

5/
It should be noted that direct integration of (6.14) gives
the estimated per capita consumer surplus per trip. There-

fore, it needs to be divided by the number of hunters rep-
resented by a particular observation so as to obtain the
estimated consumer surplus per hunter. Then, multiplying
times the individual observation's share of the population

gives the total consumers surplus corresponding to that
individual observation.

6/
In fact, only exogenous costs should be included in the travel
cost variable, as noted recently by Ward Some of the food
and lodging expenditures reported were likely endogenous in
nature since these types of expenditures are sometimes within
the control of the recreationists. However, the questionnaire
was not designed to differentiate between the endogenous versus
exogenous costs of the respondents.
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APPENDIX A

Budget Burosu N. 42-847005
Approve! Expires July 1969

I. This record is designed to help you and ether family members, who are presently residing at home, keep track of
1968 Big Game hunting trip expenses. Please record the rnIormauon under each column heading for each hunt-
ing tnp, in Oregon, family members take for deer, elk, or other Big Game during any of the £963 hunting seasons.
After your LAST Oregon hunting trip of the 196$ season, be sure to complete the back sid. of the page, then
seal the record sheet so that lie mailing addresa is on the outside, and mail it at your earliest convenience.

1968 BIG GAME HUNTING TRIP RECORD

120

(Pleas, continue questionnaire on other iide)

1st
Trip

2nd
Trip

.
.

5th
Trip

6th
Trip

7th
Trip

8th
Trip

9th
Trip

10th
Trip

lIt.
Trip

12th
Trip

List number of days spent on
hunting trip, including travel

How many family
members?

Went on
trip

Hunted
ott trip

--
On this trip list
total hours all mem-
ber, of family.
counted together,
spent hunting for:

Deer

Other
(Specify)

Number of Big
Game animals
bagged by your
family on trip:

Deer

Elk

Other
(Specify)

Oregon ommission unit
or area hunted on tn.:

Miles traveled torn home to
hunting site & back

Z Hours spent traveling from
home to hunting site and

I- back

I.' Milei traveled while on
hunting site, by vehicle

Amount, if any, paid to you
Z by others for transportation

Amount, if any, you paid to
others for transportation

$
oi.ls, hotel., camping or

private hunting feci
$

_________________________________________________________

Ammunition, arrows. &
broadheads S

Food. beverages & liquor on
hunting trip $

Guide service & rental of
lii horses, airplanes, or other

vehicles $

Cutting & wrapping meat.
tanning hides $

Other expenses incurred on
hunting trip $- -- ..!%tfl - -



APPENDIX A. 1968 BIG GAME HUNTING RECORD (cant.)

Please list the number of 196$ Oregon Big Game tags or licsn*ss purchased b- members of your family who are
presently residing at hone:

Hunter's or combination anglers & hunter's licanses.................._...... Resident......

General deer tags

Controlled season deer tags

General elk tag.

General antelope tags

Other tags (Pleas. specify)

Is there anything else that you would like to tell us?

RssidenL........

Please Fold and Glue Along This Edge

BUSiNESS REPLY MAIL
First Class Permit No 282 Corvallis, Oregon

DEPARTMENT OF AGRICULTURAL
219 Extension Ml1
Oregon State University
Corvallis
Oregon
97331

1968 HUNTING TRIP RECORD

121

R.sidenL.................. Non-Resident.

ECONOMICS
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ZONAL AVERAGE DATA USED IN THIS STUDY

122

1 "2 "3
x5 x6 X8 X9 X10

.03141 1 59 32.43 33320 09833 14710 15 .60 .070

.0072 1 1143 1414.30 196530 08250 4710 15 .60 .070

.3010 1 000 29.27 14176 09100 14710 15 .60 .070

.0380 000 30.55 44923 05500 4710 15 .60 .070

.0 139 1 136 58.06 184889 06000 4710 15 .60 .070

.01514 1 136 133.75 184889 07500 14710 15 .60 .070

.0108 1 136 62.71 1814889 12500 4710 15 .60 .070

.0072 1 1146 91.88 157920 11500 13710 15 .60 .070

.0079 1 198 55.30 1797146 08500 4480 259 .47 .100

.0099 1 191 80.614 201856 08816 41380 259 .47 .100

.0099 1 191 132.89 201856 07250 4480 259 .47 .100

.0027 1 218 62.08 317397 09000 41380 259 .47 .10

.0158 236 50.91 902313 09800 41480 259 .147 .100

.1151 000 22.56 017300 98500 4480 259 .47 .100

.0532 000 146.80 32088 12500 14480 259 .137 .100

.02149 270 93.56 8001414 05800 7010 248 .60 .135

.0206 270 113.28 8301414 07920 7010 248 .60 .135

.0082 1 264 150.26 138667 10500 7010 248 .60 .135

.01144 1 26J4 82.62 138667 08376 7010 248 .60 .135

.0082 1 2614 123.81 138667 10500 7010 248 .60 .135

.0082 1 2614 122.23 138667 08500 7010 248 .60 .135
0175 310 67.30 97476 07900 7010 2148 .60 135
.0072 1 270 69.33 157920 10600 7010 2148 .60 .135
.0703 70 45.11 20228 09500 7010 248 .60 .135
.0051 1 2614 67.84 223223 07900 7010 248 .60 .135
0066 1 262 55.22 215401 08125 7010 2148 .60 .135
0095 1 306 110.00 180300 10400 7010 248 .60 135
.0712 15 33.41 51919 05400 7010 2148 .60 .135
.0179 1 312 321.16 79531 7875 2160 751 .57 .140

0038 1 287 99.00 223223 11167 2160 751 .57 1140

.0138 1 355 119.97 144554 09300 2160 751 .57 .140

.0079 1 302 90.00 143601 07125 2160 751 .57 .140

.0111 1 248 115.44 1022142 13000 2160 751 .57 .140
0081 1 238 91.814 246519 09000 2160 751 .57 .140

.0058 1 238 111.20 246519 8876 2160 751 .57 .1140

.0057 1 250 90.00 248340 12126 2160 751 .57 .140

0329 33 21.43 51919 8800 2160 751 .57 .140

.0881 000 25.80 19377 8876 2160 751 .57 .1140

.0618 150 41.25 27597 9875 2160 751 .57 .140

.0039 1 208 67.69 369779 8750 1320 444 .50 .130

.0032 1 194 108.45 355996 6625 1320 4144 .50 .130

.0025 1 252 87.37 573011 6100 1320 41313 .50 130

.3963 000 26.96 0061459 6250 1320 444 .50 .130

.3523 000 2I .06 006459 7650 1320 1444 .50 .130
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APPENDIX B.

X2 X3 X4

DATA USED IN THIS STUDY (cont.)

X5 X6 X7 X8 X9 X10

.2642 000 21.58 006459 7650 1320 444 .50 .130
.0496 144 45.12 28681 9833 1320 444 .50 .130
.0034 1 305 137.83 337165 8500 2370 1046 .63 .125
.0078 1 229 70.10 181751 6250 2370 1046 .63 .125
.3523 000 28.36 6459 9500 2370 1046 .63 .125
3082 000 143 70 6459 7375 2370 1046 .63 .125

.3523 000 44.62 6459 10000 2370 1046 .63 .125

.0072 1 208 094.67 277334 8500 2370 1046 .63 .125

.0051 1 208 116.50 277334 8500 2370 1046 .63 .125

.3813 000 22.88 07460 7500 4920 371 .65 .260

.3813 000 22.29 07460 6200 4920 371 .65 .260
.0050 1 312 76.55 287315 7750 4920 371 .65 .260
.0655 60 26.76 30384 7250 4920 371 .65 .260
.0020 1 289 125.5 712588 12500 4920 371 .65 .260
0082 1 405 143.50 138977 6250 4920 371 965 .260

.1144 000 28.08 -14919 6000 4550 457 .75 .180

.0113 103 65.87 75307 7500 4550 457 .75 .180

.0026 1 279 133.48 554668 10000 4550 457 .75 .180

.0046 1 310 102.75 186393 8300 4550 457 .75 .180

.0027 1 317 144.19 532798 10900 4550 457 .75 .180

.0026 1 259 110.52 554668 11900 3680 425 .71 .165

.16414 000 28.614 13841 10900 3680 425 .71 .165

.214114 000 21.58 11783 11100 3680 1425 .71 .165

.0044 1 269 152.99 324008 8875 3680 1425 .71 .165
.0022 1 355 85.73 381677 7500 3680 425 .71 .165
.0185 121 61.58 76948 7500 3680 1425 .71 .165
.0249 86 48.52 34296 9800 3660 530 .68 .145
.0016 1 325 111.56 720756 7250 3660 530 .68 .145
.0065 1 345 154.49 175954 9500 3660 530 .68 .145
.1366 000 26.97 -62147 6000 3660 530 .68 .145
0155 333 119 75 73306 7700 3660 530 68 145

.0059 1 529 113.13 194575 8750 3660 530 .68 .145

.0120 1 258 67.21 -166088 9870 3260 506 .79 .140

.0062 1 250 127.37 2773314 12500 3260 506 .79 .140
0026 1 252 86.13 435254 9875 3260 506 79 140
0039 1 377 93.65 291177 10625 3260 506 79 140

.0047 1 290 73.08 181751 11167 3260 506 .79 .140

.0073 1 291 149.83 194878 9500 730 803 .68 .140
0031 1 272 109.12 554668 12500 730 803 .68 .140

.0057 1 485 144.88 201069 10875 730 803 .68 .140
.0881 20 20.38 il9377 12500 0703 803 .68 .140
.3187 000 21.39 6243 5000 730 803 .68 .140
.0125 155 82 37 68530 7500 730 803 .68 .140
.0103 1 133 67.19 -166088 9750 6300 9 .40 .03
.0049 1 1140 51.70 345433 8875 6300 9 .40 .030
.0069 1 140 50.13 330377 6125 6300 9 .40 .030
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xl x2 x3 x4

DATA USED IN THIS STUDY (cont.)

x5 x6 x7 x8 x9 x10

.1689 000 29.89 13476 6900 6300 9 .40 .030
.1900 000 211.49 13476 7000 6300 9 .40 .030.2111 000 28.98 13476 5375 6300 9 .40 .030
.0138 1 1111 30.34 144554 8500 6300 9 .140 .030
.0107 228 73.83 847119 8250 6300 9 .40 .030.0106 1 80 143.19 107701 8000 6300 9 .40 .030
.02614 1 80 21.23 107701 11000 6300 9 .110 .030.0127 1 101 40.68 223223 8875 6300 9 .40 .030.0086 1 133 76.65 166088 9200 49140 52 .37 .110
.0053 1 206 47 65 322940 8875 14940 52 37 110
.0065 1 146 38.94 2611107 8200 4940 52 .37 .110
.00514 1 146 84.33 419327 10000 14940 52 .37 .110
.0349 59 42.43 57034 10333 4940 52 .37 .110
.1308 12 24.63 17393 7375 14940 52 .37 .110
.0094 1 155 48.10 151445 12500 4940 52 .37 .110
.0056 1 148 83.92 151309 8876 49140 52 .37 .110
.0016 1 109 59.64 720756 10500 2970 4 .42 .035
.0094 1 94 55.73 121047 7250 2970 4 .42 .035
.0036 1 85 38.50 317577 6800 2970 LI .42 .035
.0563 000 29.09 1401127 7750 2970 4 .42 035
.0062 1 60 31.04 2773314 11400 4950 41 .50 .037
.0113 1 60 30.33 277334 8375 4950 41 .50 .037
.00140 1 88 34.53 352481 10700 14950 41 .50 .037
.1529 000 23.56 20464 9200 4950 41 .50 .037
.1529 000 28.78 232524 7125 4950 41 .50 .037
0083 1 000 22.03 136498 7875 4950 41 50 .037

.0103 1 102 76.29 166276 6200 14540 2 .141 .025
.00144 1 229 57.38 326076 12500 4540 2 .41 .025
.0026 1 270 97.45 5511668 8500 11540 2 .41 .025
.2559 000 2.1.92 16674 11500 4540 2 .41 .025
.1706 000 21.10 16674 81400 11540 14 .141 .052
.2559 000 29.79 16674 8876 45110 2 .41 .025
.0050 1 259 90.95 228407 6100 3300 1 .50 .001
.0153 1 171 37.62 130279 9876 3300 1 .50 .001
.0569 000 73.58 25011 7125 3300 1 .50 .001
.0569 000 27.50 25011 9500 3300 1 .50 .001
.0252 189 99.38 45212 61400 3040 1 .43 .001
.0182 168 68.09 78085 6200 3040 1 .113 .00?
.0485 88 36.54 111015 8600 3040 1 .443 .001
.0485 88 37.72 41015 7625 3040 1 .43 .001
.0188 45 140.05 60525 8000 3040 1 .43 .001
.0159 1011 82.64 71743 9000 3040 1 .143 .001
.0280 97 22.53 30442 7250 3040 1 .43 .00?
.0020 1 265 77.80 712588 6000 3040 1 .43 .001
.0318 95 56.81 35746 7750 3040 1 .143 .001
.0277 154 93.39 71800 8250 3040 1 .43 .001
.0 159 154 52.39 71800 8700 3040 1 .43 .001
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APPENDIX

X2x3

B. DATA USED IN THIS STUDY (cont.)

x4 x5 x6 x7 x8 x9 x10

.0277 1524 0.69 71800 8700 30140 1 .43 .001

.0023 1 181 55.34 712588 11500 5530 1 .42 .001

.0105 1 083 49.67 216297 8300 5530 1 .42 .001

.0042 1 155 94.83 409261 12000 5530 1 .42 .001
.0317 68 48.96 71800 8400 5530 1 .42 .001
.0277 68 73.46 71800 9800 5530 1 .42 .001
.0238 68 33.73 71800 8800 5530 1 .42 .001
.0934 47 35.89 30442 6000 5530 1 .42 .001
.0043 1 348 399305 6520 153 .63 .052
.0021 1 290 554668 6520 153 .63 .052
.0042 1 271 338103 6520 153 .63 .052
.0037 1 279 381677 6520 153 .63 .052
.0936 000 30384 6520 153 .63 .052
.0052 1 224 273430 2850 45 .52 .030
.0020 1 189 720756 2850 45 .52 .030
.0127 1 158 111612 2850 45 .52 .030
.0076 1 158 111612 2850 45 .52 .030
.0066 1 158 215401 2850 45 .52 .030
.0056 1 172 252043 2850 45 .52 .030
.0936 000 30384 2850 45 .52 .030
.1208 000 18838 5790 96 .43 .049
.1057 000 18838 5790 96 .43 .049
.1661 000 18838 5790 96 .143 .049
.0992 000 I 48752 5790 96 .43 .049
.0045 1 58 381677 5790 96 .43 .049
.2416 000 18838 5380 1101 .40 .1114
.2265 000 18838 5380 1101 .40 .114
.1812 000 18838 5380 1101 .40 .114
.0103 1 87 193366 5380 1101 .40 .1114
.1427 000 35872 5380 1101 .140 .114
.1348 000 35872 5380 1101 .140 .114
.0059 1 39 287315 5380 1101 .140 .114
.0872 25 35872 8370 98 .33 .0146
.0555 25 35872 8370 98 .33 .046
.0787 000 357146 8370 98 .33 .0116
.1082 3 28911 8370 98 .33 .0146
.11476 3 28911 8370 98 .33 .046
.0885 3 28911 8370 98 .33 .046
.0984 3 28911 8370 98 .33 .046
.0029 1 53 872065 8540 180 .26 057
.0077 1 85 222791 8540 180 .26 .057
.0500 1 14 102356 8540 180 .26 .057
.0924 000 143080 85140 180 .26 .057
.0858 000 113080 8540 180 .26 .057
.0660 000 143080 85140 180 .26 .057
.0726 000 43080 85140 180 .26 .057
.0990 000 43080 8540 180 .26 .057
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xl x2 x3

DATA USED IN THIS STUDY (cont.)

x5 x6 x8 x9 x10

.0740 000 53776 6380 112 .29 .0514

.01135 10 719111 6380 112 .29 .0514

.1325 000 25755 6380 112 .29 .0511

.0066 1 114 215401 6380 112 .29 .0514

.0165 1 49 206301 6380 112 .29 .0514

.0066 1 75 603591 6380 112 .29 .054

.0207 1 10 151309 6380 112 .29 .0514

.0081 000 353149 6380 112 .29 .0514

.0135 1 30 189285 5600 66 .20 .111

.0180 1 30 189285 5600 66 .20 .111

.0150 1 30 189285 5600 66 .20 .111

.0240 1 15 166088 5600 66 .20 .111

.0132 1 12 215183 5600 66 .20 .111

.0244 1 10 151309 5600 66 .20 .111

.0435 0 5 719111 5600 66 .20 .111

.0144 1 106 374101 5600 66 .20 .111

.1563 000 29123 414110 445 .26 .091

.1270 000 29123 1111140 14145 .26 .091

.0137 1 36 166088 4440 4145 .26 .091

.0154 1 30 277334 4440 1445 .26 .091

.0164 1 30 277334 144110 1145 .26 .091

.0137 1 46 2148978 4440 445 .26 .091

.0366 27 93355 14440 14145 .26 .091

.0335 27 93355 4440 1145 .26 .091

.1099 000 281473 1910 1151 .26 .0911

.1185 33 28790 1910 1151 .26 .094

.0035 1 72 3211008 1910 1151 .26 .094

.0092 1 62 277334 1910 1151 .26 .094

.0103 1 62 277334 1910 1151 .26 .094

.0260 82 143789 1910 1151 .26 .0914



APPENDIX B. ZONAL AVERAGE DATA USED IN THIS STUDY (cont.

The variables will be defined as:

X1 denotes hunting trips per capita of distance zone i to

hunting area j;

X2 is a dummy variable defined as 1 for each distance zone

of origin with a population over 100,000 and 0 otherwise;

X3 is the average measured one-way distance from distance

zone i to hunting area j;

X4 is the average hunting expenses per trip by hunters from

zone i to hunting area j;

X5 is the popilation of the ith distance zone origin;

X6 is the average family income in distance zone i;

X7 and X8 are the deer and elk general season harvest in 1968,

respectively, as reported by Oregon Game Commission

(1969);

X9 and X10 are an index of hunting success for deer and elk,

respectively, (animals taken, divided by the number of

hunters) as reported by Oregon Game Commission (1969).
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APPENDIX C

INDIVIDUAL OBSERVATIONS DATA USED IN THIS STUDY
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xl x2 x3 x4 x5 x6 x7

.0072 143 46.00 39306 .0145 6000 0

.0072 143 47.00 39306 .02 17 12500 20

.0072 143 32.50 39306 .0145 6000 24

.0072 143 38.00 39306 .0072 8500 13

.0072 143 58.00 39306 .0217 6000 40
.3010 000 33.10 02835 .4013 6000 16
.4013 000 11.13 02835 .4013 12500 8
.3010 000 18.16 02835 .2007 6000 50
.4013 000 63.50 02835 .6052 8500 12
.1003 000 16.80 02835 .2007 12500 3
0190 000 13.90 14974 0190 4000 24

.0570 000 34.92 14974 .1709 4000 8

.0380 000 37.33 14974 .0760 8500 '44
.0256 59 37.75 11107 .0256 8500 10
.0512 59 23.88 11107 .1024 12500 15
.0256 59 44.20 11107 .0512 8500 11
.0072 136 52.50 39619 .0144 6000 20
.0072 136 103.00 39619 .0144 6000 15
.0215 136 044.13 39619 .0287 6000 15
.0215 136 061.50 39619 .0430 6000 30
.0072 136 050.50 39619 .0144 8500 6
.0144 136 037.75 39619 .0144 8O0 22
.0215 136 040.67 39619 .0430 12500 20
.0 144 136 054.50 39619 .0432 12500 14
.0072 136 090.00 39619 .0144 5000 0
.0144 136 023.50 39619 .0432 4000 49
.0070 136 135.50 39619 .0360 7800 8
.0070 136 056.50 39619 .0216 12500 20
0215 136 041.83 39619 0430 8500 6

.0144 136 060.75 39619 .0244 15000 0

.0054 146 50.00 52640 .0054 8500 16
.0054 146 217.00 52640 .0162 8500 63
.0108 146 050.25 52640 .0162 17500 26
.0111 198 51.50 44937 .0222 8500 18
.0055 198 35.00 44937 .0055 8500 15
.0055 198 89.00 44937 .0165 8500 19
.0055 198 49.50 414937 .0165 8500 6
.004 1 191 57.00 69334 .0041 8500 4
.004 1 191 123.50 69334 .0082 6000 10
.0082 191 056.25 69334 .0246 4000 45
.0123 191 090.50 69334 .0574 12500 25
.0041 191 058.50 69334 .0041 12500 4
.0082 191 025.35 69334 .0164 8500 24
.0123 191 048.33 69334 .0246 4000 14
.0041 191 046.00 69334 .0082 8500 19
.0027 218 30.50 105799 .0027 12500 30
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APPENDIX C. DATA USED IN THIS STUDY (cant.)

Xl X2 X4 X5 X6 X7

.0027 218 92.50 105799 .0081 8500 30

.0027 218 63.25 105799 .0027 6000 15

.0189 236 18.40 30078 .0189 8500 30

.0096 236 49.25 30078 .0096 12500 18

.0189 236 84.25 30078 .0238 8500 9

.0658 000 12.50 04325 .1316 8500 30

.0658 000 51.75 04325 .1974 12500 0

.2631 000 18.80 04325 .2631 12500 31
0658 000 58 50 04325 .0658 25000 12

.0658 000 16.00 06418 .0658 4000 12
.0132 000 18.65 06418 .2631 8500 214

.0658 000 11.00 06418 .2631 8500 31

.0658 000 35.00 06418 .3290 8500 41

.0658 000 43.50 06418 .0658 15000 14

.0137 270 80.50 20761 .0274 6000 12

.0137 270 122.25 20761 .0137 1500 39

.0410 270 123.23 20761 .0959 4000 50

.0274 270 041.25 20761 .0548 6000 24

.0137 270 065.50 20761 .0137 8500 6

.0274 270 055.86 20761 .0274 4000 38
.0137 270 427.50 20761 .0411 8500 40
0137 270 037 50 20761 0137 6000 21

.0082 264 79.50 34667 .0164 8500 19

.0082 264 32.50 34667 .0082 8500 13

.0082 2614 74.20 314667 .0082 12500 25

.0082 2614 414.85 34667 .0082 12500 25

.0082 264 161.00 34667 .01624 8500 22
.0082 264 133.00 34667 .01614 12500 23
.0246 264 060.00 34667 .01624 6000 25
.01614 264 052.15 34667 .0328 6000 26
.0082 264 060.75 34667 .0082 6000 25
0082 2614 056 50 34667 0082 8500 26
0082 2614 186.00 34667 .01614 8500 20

.0082 2614 192.00 34667 .01614 12500 25

.0082 264 120.00 314667 .0164 8500 20

.0082 264 101.00 34667 .0082 8500 10

.0082 264 042.90 34667 .0082 8500 24

.0082 2614 225.00 34667 .0164 8500 8

.0146 310 47.00 19495 .0146 17500 45

.0292 310 73.00 192495 .0292 6000 20

.0146 310 75.00 19495 .0292 8500 20
.0146 310 76.30 192495 .0146 8500 30
.0146 310 60.50 192495 .0292 1500 30
.0108 270 50.25 52640 .0108 17500 22
0054 270 121.50 52640 .0108 6000 26
00511 270 55.30 52640 .0054 8500 25

.0562 70 30.75 05057 .0562 8500 0
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APPENDIX C. DATA USED IN THIS STUDY (cont.)

Xl X2 X3 X4 X5 X6 X7

-.0562 70 18.50 05057 .11214 8500 3
.1125 70 119.30 05057 .2810 12500 16
.0562 70 67.00 05057 .1124 8500 17
.0051 264 56.00 55806 .0051 8750 0
.0051 264 114.00 55806 .0153 8500 30
.005 1 264 142.00 55806 .0051 6000 25
.005 1 264 58.75 55806 .005 1 8500 0
.0106 262 101.50 53850 .0212 7000 17
.0053 262 101.85 53850 .0159 8500 40
.0053 262 083.00 53850 .0106 8500 23
.0053 262 056.25 53850 .0053 8500 40
.0079 306 58.05 36060 .0158 12500 25
.0079 306 86.50 36060 .0158 6000 32
.0079 306 90.00 36060 .0079 12500 30
.0079 306 181.50 36060 .0237 12500 15
0158 306 122.00 36060 .0158 8500 30

.0986 15 82.50 08653 .0957 6000 28

.0657 15 11.50 08653 .0957 1500 9

.0329 15 31.25 08653 .0329 6000 35

.1315 15 12.68 08653 .2303 6000 16

.0329 15 51.00 08653 .0329 1500 25

.0657 15 22.68 08653 .0657 6000 60

.0286 312 316.00 19883 .01143 6000 16
.01143 312 145.00 19883 .0143 8500 16
.0143 312 133.30 19883 .0572 8500 15
.0143 312 095.50 19883 .0143 8500 20
.0038 287 71.00 74408 .0038 12500 9
.0038 287 026.50 714408 .0038 8500 10
.0038 287 199.50 74408 .0038 8500 25
.0197 355 018.40 28911 .0197 08500 025
.0197 355 024.20 28911 .0197 8500 30
.0098 355 180.10 28911 .0197 6000 7
.0098 355 20500 28911 .0197 6000 20
.0098 355 269.00 28911 .0294 17500 40
.0079 302 023.00 35900 .0158 1500 47
.0079 302 144.00 35900 .0158 12500 25
.0079 302 103.00 35900 .0237 8500 140

.0079 302 090.00 35900 .0079 6000 15
0111 2148 160 50 25561 0222 12500 36

.0111 2148 130.00 25561 .0111 8500 12

.0111 2148 099.00 25561 .0111 25000 6
.0111 248 072.25 25561 .0333 6000 43
.0 123 238 87.30 69334 .0123 8500 10
.0041 238 025.95 69334 .0041 1500 22
.0041 238 90.50 69334 .0041 8500 6
.0082 238 132.25 69334 .0082 7500 40
.0041 238 126.50 69334 .0041 8500 15



131

APPENDIX C. DATA USED IN THIS STUDY (cont.)

Xl X2 X3 X4 X5 X6 X7

.0082 238 089.00 693314 .0082 8500 30

.00141 238 052.50 69334 .0041 6000 22

.0041 238 99.00 69334 .0041 8500 20

.0046 250 148.50 62085 .0138 6000 35

.0092 250 087.50 62085 .0138 12500 25

.0046 250 104.00 62085 .0046 17500 145

.00146 250 106.50 62085 .0092 12500 22

.01493 33 18.02 17306 .01493 12500 30

.0164 33 19.30 17306 .0493 12500 30

.0329 33 27.60 17306 .0493 12260 141

.0587 000 022.50 048414 .1761 8500 30

.0587 000 13.78 04844 .1761 6000 8

.0587 000 15.00 048414 .1761 12500 10

.1762 000 10.50 04844 .1761 8500 22
0412 150 58 75 06899 .01412 8500 3

.1237 150 23.09 06899 .1237 6000 16

.01412 150 89.50 06899 .0412 12500 20

.0412 150 30.00 06899 .014 12 12500 3
.0031 208 25.95 9214145 .0031 1500 22
.0062 208 96.75 92445 .0031 8500 19
.0031 208 59.75 92445 .0062 12500 4
.0031 208 59.25 9214145 .0062 12500 25
.0032 1914 164.05 88999 .0032 6000 5
.0032 194 0514.50 88999 .0032 4000 14
.0032 1914 0127.00 88999 .0032 4000 9
0032 1914 088.25 88999 .0064 12500 15

.0025 252 60.00 114602 .0025 4000 38

.0025 252 65.10 114602 .0025 6000 25
.0025 252 105.00 114602 .0025 8500 18
.0025 252 138.00 114602 .0025 6000 25
.0025 252 68.75 114602 .0025 6000 30
.0696 000 15.00 04084 .0696 8500 28
2089 000 36 65 040814 3480 8500 38

.0696 000 32.40 04084 .20814 8500 22

.2089 000 25.40 04084 .27814 1500 30

.1392 000 20.20 014084 .3480 8500 40

.0696 000 29.60 04084 .2784 8500 30

.1392 000 17.00 04084 .31480 8500 30

.0696 000 25.50 04084 .2089 8500 11

.2089 000 10.85 04084 .3480 8500 28
.1392 000 44.90 04084 .2784 4000 8
.1392 000 22.70 014084 .2089 8500 40
.0893 144 30.58 09560 .0893 8500 10
.0298 144 63.58 09560 .0298 8500 29
.0298 1414 70.00 09560 .0298 12500 18
.00311 305 195.20 818291 .0068 8500 40
.0034 305 180.00 84291 .0068 6000 1
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APPENDIX C. DATA USED IN THIS STUDY (cont.)

Xl X2 X3 X4 X5 X6 X7

-.00311 305 133.00 84291 .0068 8500 40
.0034 305 043.00 84291 .0034 8500 32
.0063 229 122.50 45438 .0 126 4000 20
.0125 229 039.50 45438 .0126 8500 20
.0063 229 062.00 45438 .0063 4000 32
.0063 229 087.00 45438 .0063 8500 40
.1646 000 21.70 03456 .2469 8500 110

.2469 000 12.77 03456 .2469 8500 22
.0823 000 10.15 03456 .2469 4000 4
.16)46 000 27.50 03456 .3292 8500 40
.1646 000 23.00 03456 .16116 8500 20
.1646 000 46.00 03456 .1646 17500 27
.0823 000 1117.50 03456 .16116 6000 41
.16116 000 20.20 03456 .2469 6000 38
.16146 000 12.35 031156 .2469 12500 31
.0823 000 213.50 031456 .3292 6000 111

.0823 000 10.50 03456 .2469 4000 31

.2469 000 29.75 03)456 .21169 17500 31

.0823 000 19.00 03456 .2469 8500 41
.0051 208 143.50 551167 .0051 12500 16
.0051 208 054.50 55467 .0052 7800 8
.0051 208 035.25 55467 .01011 8500 10
.0051 208 157.50 55467 .01011 9580 35
.0051 208 191.75 551167 .01011 6000 35
.0052 208 176.45 55467 .0104 6500 18
.0052 208 025.95 55467 .01011 6500 18
0103 208 090.37 55467 0104 8500 10

.0051 208 041.00 55467 .0156 4000 10

.0051 208 062.00 55467 .01011 8500 20

.6862 000 14.60 01658 .6862 8500 12

.3431 000 3950 01658 .3431 8500 19

.1715 000 10.20 01658 .3431 6000 12

.31131 000 11.75 01658 .6862 8500 22
.1715 000 11.40 01658 .51115 8500 1

.8577 000 10.42 01658 .8577 6000 20

.6862 000 11.10 01658 .6862 6000 22

.3431 000 11.50 01658 .51115 4000 30

.1715 000 29.00 01658 .6862 8500 19

.0079 312 23.00 71829 .0080 1500 48

.0040 312 131.00 71829 .0080 8500 15
.0040 312 192.25 71829 .0080 8500 1

.0040 312 36.50 71829 .0120 12500 31

.1498 60 17.63 07596 .1496 8500 10

.0374 60 24.75 07596 .0748 6000 3

.0374 60 27.10 07596 .0748 6000 35

.0374 60 65.00 07596 .0748 8500 3

.0020 289 132.50 142518 .00110 25000 5
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APPENDIX C. DATA USED IN THIS STUDY (cont.)

Xl X2 X3 X4 X5 X6 X7

.0020 289 085.80 142518 .0040 12500 30.0020 289 097.00 142518 .0020 15000 2

.0020 289 229.00 142518 .0060 12500 20

.0020 289 084.00 142518 .0060 8500 12

.0082 405 140.00 34744 .0164 8500 02

.0082 405 216.00 34744 .0164 8500 10
.0082 405 067.00 347411 .01611 4500 48
.0082 1105 151.00 347411 .0082 4000 35
.1906 000 17.73 02984 .1906 6000 20
.0953 000 10.00 029811 .0953 6000 30
.0953 000 32.75 02984 .0953 6000 8
.0953 000 114.10 029811 .0953 6000 820
.0953 000 16.20 029811 .1906 6000 822
.0113 103 125.00 25102 .0113 8500 16
.0113 103 034.00 25102 .0113 6000 35
.0113 103 087.50 25102 .0113 8500 15
.0021 279 286.40 138667 .0042 17500 18
.002 1 279 100.50 138667 .0042 12500 17
.0011 1 279 071.00 138667 .00112 4000 35
.0021 279 138.50 138667 .0042 6000 45
.00116 310 129.00 62131 .0084 14000 22
.00116 310 091.50 62131 .00146 8500 28
.0046 310 087.75 62131 .0046 12500 15
.0027 317 127.20 106560 .0027 12500 30
.0027 317 185.75 106560 .008 1 12500 20
.0027 317 190.00 106560 .0081 12500 20
.0027 317 115.00 106560 .0027 8500 18
.0027 317 103.00 106560 .0027 8500 12
.0026 259 96.50 110934 .0052 8500 19
.0026 259 53.10 1109314 .0052 12500 25
.0026 259 113.50 110934 .0052 8500 6
.0026 259 70.00 110934 .0052 17500 18
.0026 259 219.00 1109314 .0026 12500 22
.2055 000 46.38 02768 .2055 8500 29
.1028 000 15.00 02768 .1028 12500 10
.3083 000 16.60 02768 .3083 17500 24
.1028 000 17.25 02768 .1028 6000 8
.1028 000 27.50 02768 .3084 6000 32
.1913 000 11.25 029116 .1931 6000 32
.0965 000 10.00 02946 .1931 12500 8
.2896 000 18.23 02946 .3862 8500 24
.3862 000 12.40 02946 .3862 17500 22
.0070 269 157.38 81002 .0105 8500 16
.0035 269 098.50 81002 .0035 8500 30
.0035 269 095.55 81002 .0035 12500 11
.0035 269 256.15 81002 .0070 6000 30
.0022 355 114.25 127226 .0022 8500 110
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APPENDIX C. DATA USED IN THIS STUDY (cont.)

X1 X2 X3 X4 X5 X6 X

-.0022 355 072.95 127226 .0022 1500 30
.0022 355 070.00 127226 .0022 12500 30
.0333 121 20.70 25649 .0333 6000 12
.0111 121 126.00 25649 .0333 8500 14
.0111 121 119.00 25649 .0333 8500 40
.0249 86 48.40 11432 .0249 8500 19
.0249 86 66.50 11432 .02119 8500 19
.0249 86 30.50 11432 .0249 12500 18
.0016 325 132.25 180189 .0064 6000 19
.0016 325 158.00 180189 .0032 8500 23
.0016 325 080.00 180189 .0032 8500 23
.0016 325 075.00 180189 .0016 8500 13
.0065 345 194.25 43989 .0130 12500 20
.0065 3115 150.00 43989 .0130 8500 27
.0065 3115 153.75 113989 .0065 8500 22
.0065 345 119.95 43989 .0065 8500 15
.1366 000 14.25 02082 .2732 4000 30

1366 000 25 00 02082 2732 6000 30
.1366 000 21.65 02082 .4098 4000 30
.0117 333 15.00 24435 .0117 6000 12
.0117 333 104.00 2111135 .0349 8500 30
.0349 333 154.00 24435 .0349 8500 20
.0059 529 70.00 48644 .0059 8500 35
.0059 529 61.75 48644 .0059 4000 19
.0059 529 195.25 48644 .0059 12500 32
.0059 529 125.50 148644 .0059 10000 33
.0 137 258 64.75 41522 .0274 12500 20
.0069 258 57.25 41522 .0069 12500 12
.0 137 258 86.35 41522 .0 137 6000 21
.0137 258 55.50 111522 .0 137 8500 6
.0011 1 250 213.70 69334 .0084 12500 25
.0041 250 074.75 69334 .0084 8500 10
.0123 250 051.00 69334 .00811 25000 2
.004 1 250 022.75 69334 .0084 12500 10
.0026 252 29.75 108814 .0026 12500 10
.0026 252 88.75 108814 .0026 8500 10
.0026 252 128.00 108814 .0026 12500 15
.0026 252 98.00 1088111 .0026 6000 48
.0039 377 96.00 72794 .0039 17500 16

.0039 377 101.00 72794 .0039 12500 30
0039 377 54 00 72794 .0039 8500 17

.0039 377 123.60 72794 .0078 11000 35

.0047 290 025.25 60584 .0047 12500 30

.0047 290 096.00 605814 .0047 12500 10
0047 290 098 00 605814 .0047 8500 20

.0058 291 136.15 148720 .0058 8500 6
.0058 291 484.00 48720 .0058 8500 110



APPENDIX C. DATA USED IN THIS STUDY (cont.)

5
12
18
20
20

2
22
22

7
19
45
35
10
18
18
18
32
40
30
25
41
25
45

8
25
25
16

15
15
40
23

6
8

15
35
43
43
56
15
24
20
25
32
41
15
56
20
24
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X1 X2 X3 X4 X5 X6

-.0117 291 079.25 48720 .0116 12500
.0058 291 070.50 48720 .0058 8500
.0026 272 039.00 110934 .0052 8500
.0051 272 117.50 110934 .0104 18000
.0026 272 097.00 110934 .0052 25000
.0026 272 070.00 110934 .0052 8000
.0026 272 113.20 110934 .0052 8000
.0057 485 154.00 50267 .0057 8500
.0057 485 063.50 50267 .0057 4000
.0057 485 239.00 50267 .0057 6000
.0057 485 123.00 50267 .0057 25000
.0587 20 16.50 04844 .1761 12500
.1761 20 11.00 04844 .1761 12500
.0587 20 68.75 04844 .0587 12500
.0587 20 26.00 04844 .0587 25000
.2732 000 18.00 02082 .2732 6000
.5463 000 16.25 02082 .5463 14000
.1366 000 22.75 02082 .1366 4000
.0123 155 17.30 22843 .0369 6000
.0123 155 177.75 22843 .0369 8500
.0123 155 52.05 22843 .0369 1500
.0069 133 159.00 41522 .0207 12500
.0206 133 050.50 41522 .0412 1500
.0069 133 28.75 41522 .0138 12500
.0069 133 63.90 41522 .0207 12500
.0066 140 89.53 86358 .0066 6000
.0066 140 18.33 86358 .0066 12500
.0033 140 148.50 86358 .0066 8500
.0033 140 46.00 86358 .0066 8500
.0103 140 41.00 82594 .0165 8500
.0069 140 57.75 82594 .0207 6000
.0034 140 59.50 82594 .0037 1500
.0069 140 51.50 82594 .0207 8500
.3166 000 17.00 02695 .3166 12500
.1055 000 14.00 02695 .1055 6000
.1055 000 19.25 02695 .2110 6000
.1055 000 19.90 02695 .2110 1500
.2111 000 17.50 02695 .2110 8500
.3166 000 15.83 02695 .3166 8500
.1055 000 81.50 02695 .3166 8500
.1055 000 62.50 02695 .1055 12500
.1055 000 18.00 02695 .2110 8500
.3166 000 17.00 02695 .3116 8500
.2111 000 15.50 02695 .2111 8500
.6332 000 19.43 02695 .6332 1500

1055 000 13.25 02695 .1055 1500
.1055 000 19.00 02695 .1055 8500
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APPENDIX C. DATA USED IN THIS STUDY (cont.)

X1 X X3 X4 X5 X6 X7

-.0236 114 142.17 36139 .0472 6000 1

.0079 114 21.00 36139 .0079 8500 20

.0079 1114 16.50 36139 .0079 8500 10

.0157 114 24.20 36139 .0314 8500 07

.0107 228 62.50 28250 .0214 8500 04

.0107 228 114.00 28250 .0107 8500 14

.0107 228 045.00 28250 .0107 8500 20

.0119 80 25.00 23933 .0119 8000 3

.0119 80 46.40 23933 .0119 8500 15

.0119 80 56.00 23933 .0238 4000 2

.0119 80 45.25 23933 .0476 12500 12

.0119 80 19.50 23933 .0238 8500 14Q

.0119 80 26.50 23933 .0119 8500 40

.0357 80 23.75 23933 .0357 8500 06

.0357 80 12.00 23933 .0357 8500 22

.0238 80 29.50 23933 .0476 6000 20

.0064 101 32.00 44645 .0064 12500 10

.0191 101 13.53 44645 .0191 4000 15

.0064 101 35.00 44645 .0064 8500 14

.0191 101 83.00 44645 .0191 17500 27

.0127 101 25.10 44645 .0127 12500 10

.0069 133 57.25 41522 .0069 12500 13

.0069 133 24.00 41522 .0069 8500 13

.0069 133 81.00 41522 .0138 8500 9

.0137 133 110.50 41522 .0207 6000 21

.0044 206 19.65 64588 .0044 8500 1

.0044 206 58.05 64588 .0044 12500 32

.0044 206 53.00 64588 .0084 12500 40

.0088 206 51.60 64588 .0084 8500 25

.0044 206 52.00 64588 .0084 4000 6

.0087 1146 46.00 65352 .0088 12500 22
0044 146 34.85 65352 0044 12500 22
.0087 1146 34.25 65352 .0132 6500 10
.0044 1146 38.25 65352 .0044 4000 10
.0034 146 39.10 83865 .0034 6000 18

.0034 146 97.50 83865 .0034 12500 35

.0034 146 189.00 83865 .0068 12500 35

.0102 146 072.00 83865 .0107 4000 10

.0069 146 066.75 83865 .0068 6000 20

.0249 59 77.35 11407 .0259 12500 25

.0497 59 19.13 11407 .01497 8500 32

.0249 59 105.50 111107 .0249 6000 40

.0497 59 021.25 11407 .0497 6000 15

.0249 59 053.140 11407 .02149 12500 33

.1472 12 32.70 05798 .2944 6000 16

.11472 12 20.50 05798 .2944 12500 29

.0981 12 18.70 05798 .0981 12500 3
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APPENDIX C. DATA USED IN THIS STUDY (cont.)

xl x2 x3 x4 x5 x6 x7

-.0150 155 47.50 37861 .0150 8500 22
.0075 155 56.00 37861 .0075 8500 9
.0075 155 64.50 37861 .0150 8500 12
.0075 155 25.00 37861 .0075 4000 15
.0056 1118 69.75 50436 .0112 12500 12
.0056 148 91.00 50436 .0112 12500 15
.0056 148 94.00 50436 .0112 12500 15
.0016 109 77.50 180189 .0032 6000 32
.0016 109 47.75 180189 .0032 12500 15
.0016 109 34.00 180189 .0032 8500 20
.0016 109 79.30 180189 .0016 8500 12
.0094 94 100.90 30262 .0094 8500 25
.0094 94 037.00 30262 .00911 8500 12
.0094 911 042.50 30262 .0094 12500 15
.0036 85 63.00 793911 .0108 8500 25
.0036 85 16.00 79394 .0036 6000 43
.0036 85 36.00 79394 .0072 8500 22
.0036 85 39.00 79394 .0072 6000 18
.0844 000 14.35 13476 .08411 8500 14
.0I422 000 17.65 13476 .0422 6000 214

.0422 000 19.75 13476 .0422 6000 113

.00116 60 77.50 61630 .0138 6000 20
.00146 60 47.75 61630 .0138 12500 20
.0138 60 15.00 61630 .0138 850O 20
.0046 60 16.00 61630 .00116 11000 14
.0186 60 13.25 61630 .0230 17500 26
.0186 60 15.75 61630 .0186 12500 15
.0046 60 060.00 61630 .0092 6000 35
.0046 60 023.50 61630 .0046 8500 5
.00246 60 0311.10 61630 .0092 12500 25
.0032 88 19.05 88120 .0064 12500 15
.0032 88 30.40 88120 .0096 4000 50
.0065 88 34.60 88120 .0 128 12500 16
.0032 88 54.00 88120 .0096 8500 20
.0556 000 26.60 05116 .1112 1500 25
.0556 000 46.00 05116 .0556 1500 25
.2780 000 15.20 05116 .1112 14000 12
.2224 000 18.00 05116 . 1112 25000 18
.0612 000 17.25 04651 .0612 8500 11

.1835 000 11.40 04651 .12211 4000 12

.1223 000 10.17 04651 .1223 8500 20

.0612 000 20.50 04651 .0612 12500 15

.3669 000 10.20 04651 .3669 12500 30

.0083 140 32.95 34125 .0083 12500 30

.0083 140 11.90 34125 .0166 6000 30

.0083 140 19.00 311125 .0083 1500 34

.0083 140 24.25 34125 .0166 8500 30

.0068 102 260.50 41569 .0068 8500 30
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APPENDIX C. DATA USED IN THIS STUDY (cont.)

X1 X4 X6 X7

-.0137 102 037.00 41569 .0137 8500 35
.0137 102 047.25 41569 .0340 6000 30
.0068 102 028.75 41569 .0068 8500 20
.0035 229 78.50 81519 .0070 8500 10
.0035 229 36.65 81519 .0035 6000 8
.0035 229 165.25 81519 .0070 14000 35
.0070 229 00029.50 81519 .0070 6000 10
.0015 270 103.50 184889 .0030 17500 40
0015 270 077 75 1814889 0030 17500 18

.0046 270 0112.000 184889 .0046 17500 40

.1706 000 24.75 03335 .2559 8500 18

.1706 000 11.22 03335 .1706 8500 20

.4264 000 18.23 03335 .4264 12500 3

.3411 000 19.21 03335 .3411 6000 17
1706 000 14.50 03335 .34 12 6000 38

.0853 000 16.75 03335 .1706 4000 30

.0853 000 37.75 03335 .2559 17500 35

.1706 000 22.22 03335 .1706 12500 30

.2559 000 23.25 03335 .2559 17500 35
2559 000 17.50 03335 2559 8500 20

.5970 000 11.07 03335 .5118 8500 20

.0853 000 17.50 03335 .0853 6000 17

.1706 000 114.85 03335 .1706 14000 30
.3411 000 14.95 03335 .3412 8500 18
.0853 000 12.35 03335 .1706 12500 4
.0050 259 58.00 57102 .0050 8500 28
.0050 259 52.80 57102 .0100 6000 36
.0050 259 78.50 57102 .0100 8500 10
0050 259 174.50 57102 .0050 12500 24

.0218 171 20.47 26056 .0218 14000 15

.0109 171 38.50 26056 .0218 11000 25
.0109 171 41.50 26056 .0218 6000 20
.0218 171 33.00 26056 .0218 4000 4
.0109 171 76.50 26056 .0218 12500 30
.0455 000 35.40 06253 .0455 6000 1

0910 000 012.25 06253 0910 10000 33
0455 000 237 50 06253 0455 17500 35

.0455 000 079.75 06253 .0455 6000 114

.0910 000 021.86 06253 .0910 6000 140

.0455 000 011.25 06253 .0455 6000 17

.0455 000 042.50 06253 .0455 12500 1

0455 000 041.00 06253 0455 4000 30
.0252 189 214.00 11303 .0252 12500 20
.0252 189 046.50 11303 .0504 8500 22
.0252 189 0811.00 11303 .0504 8500 13
.0252 189 053.00 11303 .0504 8500 32
.01146 168 1146.20 19521 .0292 7000 15
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APPENDIX C. DATA USED IN THIS STUDY (cont.)

xl X2 X3 X4 X5 X6 X7

0146 168 019.60 19521 .0292 8500 1

.0291 168 059.05 19521 .0292 8500 4

.0146 168 056.55 19521 .0292 6000 52

.0237 88 16.50 12004 .0237 6000 111

.0237 88 72.95 12004 .0237 6000 140

.014714 88 75.00 120014 .04714 4000 10
.0711 88 13.78 12004 .0111 4000 15
.0711 88 149.48 12004 .1422 10000 140

.0237 88 22.00 12004 .0237 12500 20

.0474 88 38.55 120011 .04714 6000 20

.00148 181 41.66 1781147 .0096 12500 40

.0016 181 56.50 1781117 .0016 8500 40

.0016 181 77.50 178147 .0032 12500 3
.0032 181 64.20 1781147 .00614 12500 15
.0158 83 15.00 540714 .0263 8500 20
.0105 83 30.25 540714 .0158 4000 19
.0053 83 24.50 540714 .0106 8500 35
.0105 83 13.68 540714 .037 1 12500 11

.0028 155 102.50 102315 .0028 8500 15

.0056 155 159.25 102315 .0084 25000 36

.0056 155 041.00 102315 .0056 6000 33
.0028 155 066.40 102315 .0056 8500 12
.0317 68 49.25 17950 .0317 12500 36
.0159 68 28.25 17950 .0318 8500 18
.06311 68 054.94 17950 .1113 4000 31
.0159 68 45.15 17950 .0318 8500 16
.0317 68 63.50 17950 .0317 12500 25
.0317 68 34.13 17950 .0795 12500 15
.0317 68 71.50 17950 .0795 8500 40
.0159 68 176.00 17950 .0159 6000 8
.0317 68 18.20 17950 .0795 12500 20
.0159 68 029.00 17950 .0318 6000 22
.0317 68 60.58 17950 .0318 8500 16
.0159 68 15.80 17950 .0318 6000 40
.11195 117 14.25 07611 .1494 8500 20
.07117 47 11.00 07611 .14914 6000 35
.1121 47 17.25 07611 .22112 1500 56
.0374 117 29.00 07611 .0748 4000 20
.0188 45 72.00 15131 .0188 6000 20
.0188 45 18.00 15131 .0188 10000 40
.0188 45 29.00 15131 .0188 12500 14

.0188 45 40.25 15131 .0188 4000 30

.0159 104 104.80 17936 .0218 1500 58

.0159 104 056.00 17936 .0218 6000 15
.0 159 104 080.75 17936 .0477 6000 10
.0159 104 085.00 17936 .0159 8500 20
.0280 97 31.00 10147 .0280 6000 35
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APPENDIX C. DATA USED IN THIS STUDY (cant.)

xl X2 X3 X4 X5 X6 X7

-.0280 97 15.60 101147 .0560 12500 30
.0280 97 21.00 10147 .0560 8500 32
.0016 265 104.50 178147 .0018 8500 15
0032 265 089 75 178147 0032 4000 35

.0016 265 049.00 178147 .00 16 6000 1

.0016 265 056.00 178147 .0016 12500 15

.0239 95 86.00 11915 .0239 12500 2

.0477 95 36.63 11915 .01477 1500 35
.0239 95 68.00 11915 .0239 6000 30
.0515 1514 1144.92 16569 . 1030 6000 14
.0172 1514 032.00 16569 .0172 4000 1

.0172 1514 083.00 16569 .0172 8300 16

.03143 151! 052.00 16569 .0343 12500 20

.0172 1514 081.00 16569 .0172 6000 2

.0172 154 088.75 16569 .0172 12500 35

.0172 154 015.80 16569 .0344 8500 140

.0172 1514 024.00 16569 .0172 6000 143

.03143 154 051.86 16569 .0344 12500 37

.0343 1514 063.25 16569 .031424 10000 30

.0172 154 065.00 16569 .0344 12500 25

.0172 151! 043.70 16569 .03413 12500 22

.0172 1514 035.80 16569 .0344 8500 140
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APPENDIX C. INDIVIDUAL OBSERVATIONS DATA USED IN THIS STUDY (cont.)

The variables will be defined as:

is the individual participation rate per capita of distance

zone i to hunting area j;

is the measured one-way distance from distance zone i to

hunting area j;

X3 is the hunting expenses per trip by hunters from zone I to

hunting area j;

X4 is the individual observation share of the population of

ith distance zone of origin;

is the proportion of the population who actually hunted in

the hunting trip;

is the average family income in distance zone i;

x7 is an index of hunting experience (number of years hunted

by head of household).




