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ABSTRACT

The sedimentation and nonpoint source pollution of Reelfoot Lake

has been a problem of major concern for Tennessee and federal agencies

for the last decade. In fact, an application for a Rural Clean Water

Program grant (RCWP) was submitted to the Soil Conservation Service,

United States Department of Agriculture in July, 1979. The major

objective of the RCWP was to effectively manage erosion and improve the

water quality of Reelfoot Lake. To effectively manage such a resource,

policymakers must have reliable estimates of the value of that resource.

However, values for such a resource are not directly observable in the

marketplace.

The primary objective of this study was to use the travel cost

method, a nonmarket valuation technique, to generate estimates of the

value of the recreational experience for visitors to Reelfoot Lake. A

maximum likelihood estimation procedure was used to generate a demand

function for recreation and, subsequently, consumer surplus estimates.

Results from the model indicate that travel cost, travel time, income

and education are significant predictors of visitation at Reelfoot Lake.

A variable was also included to capture the effect substitute sites have

on visitation at Reelfoot Lake. This variable was not statistically

significant.

A secondary objective of this study was to use the contingent

valuation method, another nonmarket valuation technique, to estimate the

economic value of recreational experiences at Reelfoot Lake. A tobit
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procedure for a censored sample was used to estimate the contingent

valuation model. The significant variables in this model were annual

number of visits and income. Variables reflecting substitute sites and

education were not statistically significant.

Finally, an illustration of how the consumer surplus estimates

from the travel cost model could be used was suggested. This illustra

tion involved comparison of the recreational benefits potentially lost

due to soil erosion with the costs for erosion control in the drainage

area surrounding the lake.
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CHAPTER I

INTRODUCTION

The farm export boom of the 1970s sparked a new concern about

soil erosion and an increase in research in this area. This research

confirmed that soil erosion was indeed a growing problem and that levels

of erosion were rising. More recently the topic of soil erosion has

been at the forefront of the agricultural policy agenda as evidenced by

the incorporation of the Conservation Reserve Program into the 1985 Food

and Security Act. In fact, nvunerous studies have attempted to quantify

the costs of both the on site and off site impacts of increased erosion

(Clarke, Haverkamp and Chapman, 1985; Ribaudo, 1986; Crosson, 1986;

Putman and Dyke, 1986).

On-site costs associated with the loss of soil productivity are

naturally of concern to the farmer, though society may have a longer

term interest. Off-site costs, including loss of recreational values,

loss of lake and reservoir capacity and increased navigation costs for

example, may be of little concern to the farmer and thus represent

external costs borne by others in society. This study will focus on the

off-site costs of soil erosion for Reelfoot Lake in West Tennessee.

Specifically, this study will examine the potential loss of recreational

opportunities due to the sedimentation of Reelfoot Lake.

Statement of the Problem

The sedimentation and agricultural nonpoint source pollution of

the Reelfoot Lake drainage area has been a problem of major concern for
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local residents, state and federal agencies for many years, but particu

larly since the mid 1970s. In fact, an application for a Rural Clean

Water Program (RCWP) grant was submitted to the Soil Conservation

Service, United States Department of Agriculture, in July, 1979. The

major objectives of the RCWP proposal were to reduce erosion and improve

water quality of the Reelfoot Lake drainage area.

The majority of the Reelfoot Lake drainage area is located in

northwestern Tennessee with about 25 percent located in southwestern

Kentucky. The total drainage area is 153,600 acres, of which 115,600

are located in Tennessee and 38,000 are located in Kentucky. Reelfoot

Lake is the only large natural lake in Tennessee and is fed primarily by

Indian and Reelfoot creeks in Obion County. (The detailed information

in the above and subsequent paragraphs concerning erosion rates, size of

drainage area, etc., for Reelfoot Lake is taken from the 1984 Annual •

Progress Report on the Reelfoot Lake Clean Water Program Project.)

The Reelfoot Lcike drainage area can be divided into upland and

bottomland areas. Approximately 48 percent of the total area is classi

fied as upland and 52 percent as bottomland. The major problem in the

drainage area has been the high erosion rate on upland caused in large

part by the intensive row crop production on highly erosive soils.

Gross erosion from all upland acres is estimated to be 1.4 million tons

annually. Cropland contributes 68 percent or 917 tons to the upland

erosion problem. The remaining erosion comes from grassland, forest-

land, urban and idle land. It has been estimated that approximately 60

percent, or 850,000 tons, of the total erosion from the drainage area

enters the lake each year.



3

Some of the bottomland that is cropped also has the potential to

contribute sediment to Reelfoot Lake. Seedbed preparation begins at the

first opportunity after harvest in the fall or early winter. This

practice leaves the soil disturbed and unprotected for most of the rainy

season. After being disturbed by periods of rainfall some soil parti

cles may go into suspension for long periods of time. If the rainfall

is sufficient to cause runoff, then the particles are carried along with

the water and add to the sedimentation of the lake.

Sedimentation is found in many sections of the lake. Many

recreational areas have been rendered useless because docking facilities

have been blocked by sedimentation in a year's time. An associated

problem with sedimentation is the uncontrolled growth and encroachment

of aquatic vegetation. The excessive vegetation also has the effect of

hindering access to boat docks and some parts of the lake.

The Tennessee Division of Water Quality Control believes the most

serious consequence of the agricultural pollution problem is the accumu

lation of pesticides in the aquatic environment of the lake. Agricul

tural rtinoff may contain qiiantities of herbicides and insecticides that,

due to the process of bioacciimulation, could pose a serious threat even

in low concentrations. Aquatic organisms accumulate pesticides, thus

increasing their concentrations. As other organisms eat the poisoned

organisms, more concentration occurs. Therefore, a high concentration

may develop in higher organisms as a result of initial low levels of

herbicides and insecticides. The process of bioaccumulation poses a

severe threat to Reelfoot Lake because the area serves as a major winter

habitat of bald and golden eagles and the osprey. These endangered
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species depend on potentially contaminated fish as their major source of

food. Water quality tests have indicated moderately high pesticide

levels in fish flesh and sediment samples. There have also been sus

pected pesticide caused fish kills at the lake.

A major consequence of sedimentation from soil erosion is the

loss of recreational opportunities at Reelfoot Lake. The lake is

considered to be a recreational resource of regional significance.

There is a state park, a national wildlife refuge and a state wildlife

area associated with the lake. Estimates from the Tennessee Department

of Conservation indicate that visits for sport fishing, water fowl

hunting, wildlife observation and general recreation use were over half

a million for the entire 1979-1984 period.

Sedimentation from soil erosion can indirectly affect the quality

of the recreational experience because of the potential damage to fish

and other wildlife associated with accumulated pesticides in the aquatic

environment. Direct impacts of sedimentation and associated excessive

aquatic vegetation on recreational opportunities include limiting boat

access to some areas of the Icike, land locking certain docking facili

ties and reduced access to swimming facilities.

To effectively manage a resource such as Reelfoot Lake and to

decide how much cost is justified in reducing erosion and agricultural

nonpoint source pollution through efforts like the RCWP program, it is

necessary to have estimates of the recreational value of the lake.

Since no market exists with which to value the recreational experience,

nonmarket valuation techniques must be employed. This study will use

the travel cost and the contingent valuation methods to estimate the
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value of the recreational experience for visitors to Reelfoot Lake, and

thus the potential cost of continued sedimentation and chemical

pollution.

Objectives

The objectives of this study were:

1. To use the travel cost method, a nonmarket valuation tech

nique, to generate estimates of the value of the recreational

experience for visitors to Reelfoot Lake.

2. To use the contingent valuation method, a nonmarket valuation

technique, to generate estimates of the value of the recrea

tional experience for visitors to Reelfoot Lake.

3. To explore the potential use of these estimates for assisting

policymakers in the management and protection of Reelfoot

Lake.

Content of the Study

This study is divided into six sections. A review of literature

on the travel cost method and the contingent valuation method is pro

vided in Chapter II. The generation of the first-stage and the second-

stage demand curves for the travel cost method is discussed. Also

included in this section is a discussion of the potential biases in

estimates from the use of the contingent valuation method. A review of

demand theory and consiimer surplus is presented in Chapter III.

Included in this section is a discussion of both Hicksian and

Marshallian demand. Also reviewed are compensating and equivalent
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variation measures of consiimer surplus. The specification and data

requirements for both the travel cost model and the contingent valuation

model are provided in Chapter IV. This chapter also contains a discus

sion of the survey used in this study. The results of the empirical

analysis are presented in Chapter V. Finally, a stimmary and the con

clusions of this study are presented in Chapter VI.



CHAPTER II

REVIEW OF LITERATURE

Nonmarket valuation techniquss have been used to value environ

mental amenities since the early 1960s. Several different types of

nonmarket valuation methods have been employed for various purposes. A

good general discussion of the variety of methods available is provided

by Alan Randall in Resource Economics, 1987, published by John Wiley and

Son. The most widely used and accepted methods for valuing recreational

benefits are the travel cost method and the contingent valuation method.

Included in this review of the literature will be discussions of the

methodology and the applicability of both of these methods, as well as

several empirical issues which remain unresolved to one degree or

another.

The Travel Cost Method

It is widely accepted that outdoor recreational amenities have

value. However, estimates of that value are not readily available

because outdoor recreation resource prices are not directly observable

in the marketplace. The travel cost method, originally suggested by

Hotelling (19A9) and formalized by Clawson (1959), can be used to

generate estimates of recreational value based on observed consumer

behavior.

A lack of variation in user fees prevents the direct estimation

of a demand schedule for a particular site. However, if consumers react

to higher travel and use costs in the same manner as they would react to
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higher site fees, then a demand schedule can be estimated indirectly

based on data for trip expenditures (Dwyer, Kelly and Bowes, 1979).

The travel cost method is used to estimate a trip generating

ec[uation, where visits to a recreational facility are dependent, among

other things, on the total cost of using the facility. The principle

costs of using the facility are travel costs and other expenditures

incurred during the visit. The estimated trip generating equation is

then used in conjunction with hypothetical increases in the direct cost

of using the site to simulate a demand curve for the recreational

resource. The area under this simulated demand curve represents an

estimate of the value of consumer surplus, a concept to be discussed in

a subsequent section, for a specific site. One of the key assumptions

of the Clawson Method is that people react to an increase in travel

costs and trip expenditures in the same manner as they would to an

increase in use fees. This, of course, is a very strong and restrictive

assumption.

The general form of the travel cost method can be described by

the following expression. This expression is derived from work by

Mansfield (1969, 1971) and Smith (1971) and is a modification of the

Clawson Method (1959).

''ij 'ij- ̂ 1' "i---*
Cy = g( Dj, Tj, A...)

Where:

~ the number of visits from origin i to destination j;

C-j = travel cost, which is a function of time, distance,

admission charge, etc.;



 

— the availability of substitute sites for visitors from

origin i;

= socioeconomic variables representative of origin i;

= distance from the ith origin;

= travel time from the ith origin; and

A = admission charge.

The travel cost model is developed from data on site use (j) and

user characteristics from origin (i). The wide variation in costs for

different individuals at different distances from a site can provide

information about the effect cost has on recreational participation.

This data can then be used to derive the trip generating equation which

is, in turn, used to develop the demand curve for the site.

The travel cost method is used to generate estimates of the

economic value for a particular site by a two-stage process. In the

first stage, a trip demand schedule is generated that expresses the

number of visits an individual will make to a specific site as a func

tion of travel cost and other variables. These variables include travel

time, income, availability of substitute sites and population. This

equation then predicts an average visit rate for an individual facing

specific costs to a site. This is known as a first-stage demand curve

and is illustrated in Figure II-l. To facilitate exposition of the

concept of a first-stage demand curve, the relationship has been simpli

fied, and visits per capita are a fxmction of travel cost alone. The

first-stage demand curve could be expressed by an equation such as the

following;

v., = 10 - C..
iJ
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Where:

= visits per capita from origin i to site j; and

= the travel cost from origin i to site j.

The second stage of the process involves the derivation of an

aggregate demand curve. This curve predicts how many total visits will

be made to a particular site at various levels of a hypothetical use

fee. This cxirve is developed under the critical assumption that indi

viduals will react to an increase in travel costs in the same manner as

they would to an increase in entrance fees. The second-stage demand

curve is derived as follows. Using the first-stage demand curve and

increasing the travel cost for individvials at each origin, a new

per capita visitation rate is found. The visitation rate is an average

and reflects average behavior at each origin.

Essentially, the derivation of the second-stage demand curve

involves adding the hypothetical entry fee to the actual trip cost and

then solving for V using the trip demand function V.. = f(C..).
ij ij ^ ij'

Various points on the aggregate demand curve, which reflect total use at

each level of hypothetical use fee, are derived by multiplying the

population at each origin by the appropriate predicted per capita

visitation rate. This process yields total predicted visits from each

origin at a specific fee level. These numbers are then summed over all

origins to get an estimate of total use at a particular fee level. This

is one point on the second-stage demand curve. This process is repeated

for all hypothetical fee levels (i.e., up to the point where per capita

visits are equal to zero for all origins) and generates the necessary

points to derive a second-stage demand curve. The area under the
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aggregate demand curve is an estimate of the net willingness of users to

pay for a site.

The travel cost method is most applicable when: 1) there is

sufficient variation in travel costs among users to allow estimation of

demand, 2) the travel expenses have been made mainly for the purpose of

recreation at the resource which is to be evaluated, and 3) the travel

is made for the single purpose of visiting the site which is to be

valued. The travel cost method may be difficult to apply when: 1)

visitors come from a very small geographic region, thus, lacking suf

ficient variation in travel costs to allow for demand estimation, 2) if

visitation to a site is just one of many parts of a total recreational

experience, and 3) if travel expenditures are not incurred for the sole

purpose of visiting a particular site. The travel cost method is

strongly recommended where applicable because this method recognizes the

spatial characteristics of a recreational market (Dwyer, Kelly and Bowes

1979). Also, this method derives benefits based on the actual market

behavior of individtials.

Empirical Issues

The above discussion on the methodology and application of the

travel cost model was simplified to give the reader a clearer under

standing of the basic ideas and theory underlying the travel cost

method. Of course, in such a simplified discussion many problems with

this method are overlooked, avoided or ignored. The following section

addresses these problems. This section will focus on empirical issues

related to the Travel Cost Method. These issues include: 1) measure-
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ment. of variables, 2) functional form, 3) inclusion of travel time, 4)

substitute sites, and 5) multiple trip destination bias.

Measurement of the quantity variable. The appropriate measure

ment of the quantity variable ) is a problem that has several

proposed solutions. There are two methods to specify the quantity

variable in a travel cost study. These are: the zonal method and the

individual method. The zonal or aggregate method suggested by Clawson

(1959) and Clawson and Knetsch (1966) groups individuals living similar

distances from a site into zones. These zones can be classified by

county, region, zip code or other method as deemed appropriate by the

researcher. The quantity variable for the zonal method is visits per

capita per time period from origin i to site j (V^^). A per capita
specification accounts for differences in population size from various

zones around a site. This adjustment captures the effect of population

density on site usage. Therefore, the reduced rate of participation at

higher travel costs is accounted for. One critical assumption of the

zonal method is that demographic variables such as taste, preferences,

income and education are similar within distance zones. The use of

aggregate data leads to coefficient estimates that reflect average

behavior. Consequently, one of the major disadvantages of the zonal

method is the loss of information and efficiency that results from

aggregating data. The coefficients generated from aggregate data are

not as precise as those generated from individual observations. There

fore, some useful information on demand shifters such as income, tastes

and preferences and substitutes is lost to the researcher.
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A principle statistical problem associated with per capita

specification is heteroskedasticity. This problem arises when the \mits

of aggregation are of extremely different size. This is quite likely to

happen since population in various zones can range from a few thousand

to millions. One suggested remedy for heteroskedasticity is to trans

form the equation by the appropriate form of the variable responsible

for the problem (Kmenta, 1986). This could involve dividing all obser

vations by the square root of population (Bowes and Loomis, 1980). This

type of weighting will reduce heteroskedasticity in travel cost models

and therefore improve use and benefit estimates. Another suggested

remedy for heteroskedasticity involves the choice of appropriate func

tional form (Strong, 1983; Vaughan and Russell, 1982). Both studies

demonstrate that if the natural log of visits per capita is chosen as

the functional form of the equation then heteroskedasticity will not be

a significant problem.

Another statistical problem associated with the zonal method is

multicollinearity. This problem arises because aggregating site users

by similar distances creates a high correlation between travel cost eind

travel time. A suggested solution to this problem is to use individual

observations rather than aggregate observations for the travel cost

data.

The use of individual observations will reduce the problem of

multicollinearity and increase the precision of the estimators (Ward and

Loomis, 1986). This method, developed in the early 1970s, defines

quantity consumed as the number of trips taken per year or season by

each site user or household. This dependent variable is then regressed
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on travel time, travel cost and socioeconomic characteristics. Because

this method uses unique observations for each site user, the amount of

information about demand shifters and the price variable is greatly

increased, and the correlation between travel cost and travel time is

greatly reduced.

One potential problem with the individual observation approach is

that a typical recreationist may only take one trip per year. There

fore, it is often difficult to estimate an individual travel cost model

because many observations are equal to one (Freeman, 1979). This lack

of variation in the dependent variable causes the estimation of a demand

curve to be quite problematic.

A second problem associated with the individual observation

method is the overestimation of consumer surplus for a site. The

individual observation approach models current users' demand for a

Particular site but will underestimate how aggregate visitation would

increase if a closer similar site were added because potential site

users have been excluded (Ward and Loomis, 1986). In other words, this

method does not account for the probability of participation at a site

decreasing as distance to the site increases. This leads to biased

estimators of the travel cost coefficients and, therefore, incorrect

consumer surplus estimates. One suggested remedy for this problem is to

transform the individual observations to a per capita basis (Brown, et

al., 1983).

Measurement of the price variable. The specification of the price

variable is another problem confronting the researcher. Knetsch (1963)
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argues that travel costs should include things such as transportation,

plus lodging and food costs above those an individxial would normally

incur. Pearse (1968) argued that variable costs such as food and

lodging are dependent on the length of stay and not on the cost of

reaching a site and, therefore, should not be included in the price

variable. More recently, research by McConnell (1975) and Mendelsohn

and Brown (1983) has indicated that quantity demanded of a particular

site will depend on the marginal cost of obtaining that site. There

fore, food and lodging expenses should not be regarded as components of

the travel cost variable because they do not effect the marginal cost of

obtaining a site. Ward and Loomis (1986) conclude that, in general, the

variable costs of transportation should be the only costs included in

the price variable.

Selection of functional form. Historically, linear models have

been used as the functional form for travel cost studies. However,

quadratic models, semilog models and log-log models have also been

considered. Ziemer, Musser and Hill (1980) have demonstrated that

different functional forms can produce significantly different estimates

of consumer surplus. In their case study on warm water fishing in

Georgia, they demonstrate that the consumer surplus derived from a

linear travel cost model is approximately three times as great as that

of a semilog model and about four times as great as a quadratic model.

Strong (1983) demonstrated that in a zonal model with unequal popula

tions a semilog form is an appropriate alternative to the linear form.

Although no rules exist for the selection of the functional form of the
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model, the above studies indicate that appropriate consideration mxist be

given to the selection of functional form. Care must also be taken in

the selection of estimation techniques. Most recently, research has

determined that the use of ordinary regression techniques on truncated

samples will lead to biased coefficient estimates (Judge, et al., 1980;

Maddala, 1983; Smith and Desvousges, 1985). This is because ordinary

regression methods require that the dependent variable take on a full

range of values while recreation demand behavior is only defined for

nonnegative values. Thus, the use of maximum likelihood estimators is

recommended for truncated samples to avoid biased coefficients and,

therefore, incorrect estimates of consumer surplus (Kealy and Bishop,

1986).

Inclusion of travel time. Knetsch (1963) was one of the first

researchers to recognize the importance of travel time costs in the

recreational decision. He argued that the omission of travel time costs

will lead to underestimation of the value of a recreational resource.

The bias in the demand curve arises because people from various zones

are faced with the dual constraints of time and money. Groups farther

away from a site will face increased time as well as money costs and

both of these variables affect the decision to use a recreational

resource. In other words, as distance increases from a site, so will

required travel time. This time has value (opportunity cost) and must

be included in the model to correctly represent the consumers' decision-

making process. Therefore, if only travel cost is varied in the genera

tion of a second stage demand curve, only one decision factor is altered
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and the result will be an underestimation of a resource value. Similar

conclusions have been reached by Cesario (1976), Gum and Martin (1975)

and McConnel (1975).

Additionally, Wilman (1980) suggested the inclusion of on-site

time costs for the correct specification of the model. However, Knetsch

and Cesario (1976) contend that if the dependent variable is the number

of trips to a site, then on-site time costs should not be included in

travel costs since the length of stay does not effect the marginal cost

of obtaining a site.

Two problems arise with the inclusion of travel time in the

model. They are the statistical problem of multicollinearity that

results due to the high correlation between travel costs and travel time

and the problem of determining the appropriate value of time for the

model. One method to mitigate the problem of multicollinearity is to

combine travel time and travel cost into a single variable (Cesario and

Knetsch, 1970). Brown and Nawas (1973) and Gum and Martin (1975) argue

that the aggregation of time and cost will reduce the multicollinearity.

The simplest approach to value time is to choose a fraction of an hourly

wage rate. The Water Resources Council suggests the selection of

one-third as the appropriate fraction of the wage rate at which to value

the opportunity cost of time. McConnell and Strand (1981) propose a

methodology by which the researcher can empirically measure the oppor

tunity cost of time from observations on an individuals behavior. They

indicate that this rate can be objectively determined from the sample

data and can vary from study to study. Recent work by Smith, Desvousges

and McGiveny (1983) has attempted to more accurately value the oppor-
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tunity cos't of travel time by the incorporation of worker character

istics into a hedonic wage model. Bockstael, Strand and Hanemann (1987)

have developed a model where the inclusion of travel time is conditional

on the recreationist's labor market situation. Although there is a lack

of unanimity on the correct method by which to value travel time, it is

clear that this variable must be included in a travel cost study.

Substitute site variable. Basic economic theory specifies

quantity demanded as a fxinction of price, the price of substitutes and

other variables. Therefore, any demand estimation that ignores substi

tute sites would be incorrectly specified and lead to biased coefficient

estimates. If substitute sites exist for a recreational resource and

are not included in the demand model, the direction of the bias cannot

be determined (Caulkins, Bishop and Bowes, 1985).

Research by Burt and Brewer (1971) and Cicchetti, Fisher and

Smith (1976) has led to the specification of a system of demand equa

tions to address the issue of substitute sites. In the systems context

sll sites are classified into types and a demand curve is estimated for

each tjrpe. The price of own and cross effects are included in each

equation. Consequently, when a new site is created or an old site

closed, this is treated as a price chcinge to recreationists in the

consumption of that particular type of site. If a single equation model

is specified for a travel cost study, then substitutes can be included

in the model by the use of a "substitute" variable (Knetsch, 1963;

Cesario and Knetsch, 1976). This variable can be an index value

(Cesario and Knetsch, 1976) or can be a price variable such as the
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travel cost to the nearest similar site (Huang, 1986). The effect of

substitute sites will be discussed in greater detail in a subsequent

chapter•

Multiple destination bias. One of the key assumptions of the

travel cost method is that all travel costs are incurred exclusively to

visit the site iinder study. If this assumption holds, then travel costs

can be considered an appropriate proxy for price. However, if travel

costs are incurred to visit multiple destinations, then the travel costs

may not be an appropriate price variable, since travel costs are shared

jointly by many sites. The bias from multiple destinations will lead to

an overestimation of benefits for a particular recreational resource.

One proposed solution to the multiple destination bias problem is

to delete observations for which multiple destinations are present.

However, if the majority of recreationists are obtaining multiple sites,

then this method obviously fails. Haspel and Johnson (1982) suggest the

use of itinerary data to mitigate the effects of multiple destination

bias. This method uses the average distance between major destinations

on the same trip as an estimate of travel cost for each site. The

estimated benefits from this type of model were found to be more con

sistent with those estimated from a direct survey (i.e., contingent

valuation study) than the traditional travel cost study. Unfortiinately,

there is no theoretical basis for disaggregating travel costs for

multiple destination trips. Therefore, any attempt to do so could be

considered arbitrary. Clearly, this is one area of the travel cost

methodology where further theoretical work is needed.
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The Contingent Valuation Method

The contingent valuation method is a survey technique best

described by Randall, et (1983), as follows:

Contingent valuation devices involve asking individuals, in
survey, or experimental settings, to reveal their personal
valuations of increments (or decrements) in unpriced goods in
contingent markets. These markets define the good or amenity of
interest, the status quo level of provision and the offered
increment or decrement therein, the institutional structure
under which the good is to be provided, the method of payment,
and (implicitly or explicitly) the decision rule which deter
mines whether to implement the offered program. Contingent
markets are highly structured to confront respondents with a
well-defined situation and to elicit a circumstantial choice
contingent upon the occurrence of the posited situation.
Contingent markets elicit contingent choices.

The contingent valuation method can, therefore, be defined as a

set of techniques and hypothetical institutions that can be used to

elicit values for a nonmarket good. A correctly designed contingent

valuation survey must have the following three components:

1. A comprehensive description of the good being valued and the

situation under which this good would be available to the

consumer must be provided.

2. Questions that elicit a respondent's willingness to pay for

the good being valued must be developed. The most common

form of these questions are bidding games and the open-ended

question approach. In a bidding game, a recreationist is

asked if he would be willing to pay a prespecified price for

unlimited access to the resource being valued. A positive

answer leads the interviewer to increase the price while a

negative response leads him to decrease the price. This
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process continues until a recreationist's maximum willingness

to pay has been determined. In the open-ended question

approach, a respondent is asked the maximum he is willing to

pay for access. Therefore, he is allowed to determine a

monetary amount based on his own judgement. Willingness to

pay questions provide a theoretically correct measure of

benefits associated with a new or existing site. However,

for the evaluation of benefits lost from the elimination of

existing resources (e.g., waterfowl hunting opportunities

lost when wetlands are drained), it may be more appropriate

to measure the lost benefits in terms of users' willingness

to sell their existing rights to a resource (Dwyer, Kelly and

Bowes). Therefore, the appropriate type of question to ask

in a contingent valuation survey will depend on the site

under study and the existing set of property rights at that

site.

3. Questions are needed to determine the socioeconomic charac

teristics of the visitors to the site.

The survey information collected from the above questions is used

to develop an equation which can be used to predict any other users'

valuation of a particular site or a new site or benefits lost from the

elimination of an existing site. Basically, the survey information is

used to generate a regression equation of the following form:

WTP = f( V, Y, M, S, D)
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Where:

WTP = willingness-to-pay for a recreational resource;

V = nvimber and length of visit to a site;

Y = years of experience with a site;

M = miles traveled to a site;

S = availability of substitute sites; and

D = socioeconomic variables

Total recreational benefits are derived by summing individuals'

willingness to pay over the appropriate population. Essentially, the

contingent valuation method is a technique to measure equivalent surplus

or compensating surplus (alternative measures of consumer surplus which

will be discussed in a subsequent chapter). The derivation of willing

ness to pay is based on two key assumptions. The first is that con

sumers can assign an accurate value to a recreational experience. The

second is that this value can be elicited from them with a properly

constructed series of questions (Dwyer, Kelly and Bowes, 1977).

Biases in the Contingent Valuation Model

Four types of potential biases in contingent valixation measures

can be identified. They are starting point bias, vehicle bias, informa

tion bias and strategic bias.

Starting point bias can be defined as a bias resulting from the

starting point of the bidding procedure. Two sources of starting point

bias can be identified. First, the initial bid may imply (incorrectly)

the appropriate range of bids for valuing an environmental good.

Therefore, the individual may give different values for a good based on
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the initial bid suggested to him. Second, if a person becomes bored or

annoyed with a long bidding game he may state a value closer to the

starting bid than his actual willingness to pay. This results because

the respondent is unwilling to go through the lengthy process of reach

ing his maximum willingness to pay.

Vehicle bias is related to the proposed hypothetical payment

method in the bidding game. These payment methods could include tax

payments, entrance fees, utility bills or higher prices for goods and

services. An example of this type of bias is that someone who objects

to higher taxes might understate his willingness to pay due to his

feelings about the tax system. A great nvimber of empirical studies

(Randall, ̂  1978a, 1978b; Brookshire, Randall and Stoll, 1980;

Brookshire, d'Arge, Schulze and Thayer, 1981; and Cronin and Horzeg,

1982) support the vehicle bias hypothesis. However, the literature is

unclear on how to mitigate this bias.

Information bias is due to a lack of infoinnation provided to the

respondent concerning the hypothetical market in which he is asked to

value an environmental good. If an individual does not clearly under

stand the good he is bidding on he cannot accurately state his maximum

willingness to pay. A suggested solution to this problem is the correct

and complete specification of the survey instrument (Randall, Ives and

Eastman, 1974).

Strategic bias in the contingent valuation method results from

respondents trying to influence the outcome of a study by incorrectly

stating a maximum willingness to pay. A classic example of strategic

bias is when a respondent understates his willingness to pay in order to
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avoid a use fee sometime in the future. Cummings, Brookshire and

Schulze (1986) state that if a person bids zero on the grotinds that he

has the inherent right to the environmental good, the bid is not an

indicator of his true valxiation. Consequently, an effort should be maHp

to distinguish protest bids from true zeros so that the protest bids may

be dropped from the sample. A suggested way to help correct the problem

of strategic bias is to carefully design the survey instrument and to

pretest the questions to see if they stimulate protest behavior.

Applicability of the Contingent Valuation Method

The contingent valuation method is recommended in situations that

involve: 1) small changes in qxiality at existing sites which would not

affect the travel cost of a visit or the niunber of trips taken to a

particular site, 2) estimating the value of a site that is one of many

destinations on a trip, and 3) studying the effects of congestion on a

particular site (Dwyer, Kelly and Bowes, 1977).

Comparison of Empirical Travel Cost and Contingent Valuation Studies

Five major studies have been completed that compare benefit

estimates that are derived from the travel cost methodology and the

contingent valuation methodology. These studies are: Knetsch and Davis

(1965), Bishop and Heberlein (1979), Thayer (1981), Desvousges, Smith

and Mcgiviney (1983) and Seller, Stoll and Chavas (1983).

Knetsch and Davis (1965), Bishop and Heberlein (1979) and Thayer

(1981) compared travel cost model results with those of contingent

valuation models on a purely qualitative basis. None of the comparisons

were subjected to any statistical analysis. Knetsch and Davis (1965)
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concluded that the travel cost and contingent valuation measures were

close, while Bishop and Heberlein (1979) reported measures that were

"not close." Finally, Thayer (1981) concluded that the benefit esti

mates from his travel cost and contingent valuation models were

"similar" in nature.

Desvousges, Smith and McGiveny (1983) subjected their travel cost

and contingent valuation model results to both nonstatistical and

statistical comparison. The nonstatistical comparison of sample means

indicated that the difference in the estimates was quite large. Their

statistical test supported the conclusion reached by the nonstatistical

test. Seller, Stoll and Chavas (1983) also employed a statistical test

to compare estimates from a travel cost model and a contingent valuation

model. They concluded that the mean values for the two nonmarket

methods were not significantly different.

Conclusion

Both nonmarket valuation methods, the travel cost method and the

contingent valuation method, have gained wide acceptance since their

inception. Advances in research continue to validate these methods as

useful in valuing environmental amenities. However, there are problems

with both methods, as have been discussed in this chapter. The

researcher should apply these methods with a clear understanding of

their limitations. The appropriate technique to use will depend upon

many things, such as data limitations, available funding and study

objectives.
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CHAPTER III

DEMAND FUNCTIONS AND CONSUMER SURPLUS

The literature reviewed in the previous chapter indicates that

although the travel cost method and the contingent valuation method

do have certain weaknesses, they are empirically sound techniques for

measuring the value of environmental amenities. This section will

focus on the measurement of recreational benefits as it relates to

the economic theory underlying the travel cost method. The concept of

consumer surplus is discussed, and a proof of the validity of

Marshallian consumer surplus as a valid welfare measure is included. In

general, the purpose of the travel cost model is to develop demand

eqxiations to allow estimation of consumer surplus for a particular site.

To better understand the estimates derived from a travel cost model, a

concise definition and a complete understanding of consumer surplus is

necessary.

Consumer surplus is a measure of benefits or welfare changes

resulting from a change in prices or quantities. It can be defined as

the difference between a buyer's willingness to pay and the market

price. This amotint is represented by the area under the Marshallian

demand curve and botanded by the price line. This quantity is referred

to as the Marshallian measure of consumer surplus.

Hicks also identified two principle measures of consumer surplus,

compensating variation and equivalent variation, which can be defined as

follows:
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1. Compensating Variation--How much compensation must a consumer

receive at price p^ (higher price) so that he will be as well

off as he was at price p^ (lower price)? This assumes that

he may purchase any quantity of the good at the new price.

2. Equivalent Variation--How much income must be taken away from

a consinner at the new price p^ (lower price) so that he is no

better off than he was at price pj^ (higher price)? This

assvunes that he may purchase any quantity of the good at the

old price.

Variation measures are specifically related to Hicksian demand

curves, which are different from Marshallian demand curves. Hicksian

demand curves can be said to represent a consumer's response to a change

the price of a particular commodity while the individual remains at a

specific level ,of utility. A Marshallian demand curve, however, repre

sents the consumer's response to a change in the price of a commodity

while he remains at a given level of income. The fundamental difference

between the two types of demand curves is that Hicks holds the con

sumer's level of utility constant during a price change while Marshal

does not. Therefore, these curves will yield different measures of

consumer surplus.

In computing actual values for the above measures of consumer

surplus, it is assumed that a utility fxinction exists that characterizes

an individual's tastes and preferences for a set of goods. Given a

budget constraint, the utility function implies the existence of demand

functions for the set of goods. Subsequently, to fully understand the

calculation of Hicksian or Marshallian consumer surplus it is necessary
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to derive both types of demand functions and then discuss the relation

ship between them. Also, it is necessary to indicate how changes in

can be calculated from these demand functions.

Derivation of Marshallian and Hicksian Demand Functions

Assumptions about consumer behavior are represented by a utility

function. This utility function measures the level of satisfaction an

individual receives from consuming a particular bundle of goods. The

amount of goods an individvial may consume is limited by his income or

budget constraint. The problem facing the consumer is to maximize his

satisfaction subject to his limited income. A formal mathematical

statement of this problem is as follows (Johnson, Hassan and Green,

1984):

Maximize u(X)

Subject to: P'X = m

Where:

^ *2' ''' ^ vector of commodities;

^ P2> • • • »Pjj) represents a column vector of corresponding

commodity prices; and

m = the consumers money income.

Maximization of the utility function subject to the budget constraint is

done with the Lagrangian method. This yields the following expression:

L(X,x) = u(X) - a(P'X - m)

Differentiating the Lagrangian function with respect to x^ and X yields
the following first order conditions:

u^ - Xp = 0 P'X - m = 0
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Where:

= a vector of derivatives of the utility function with

respect to the quantities (i= 1, 2, ...n); and

X = the Lagrangian multiplier interpreted as the marginal

utility of income.

The second order conditions for a maximum can be written as follows:

U = the relevant Hession matrix must be negative definite

Where:

U =
"ll "l2 u

u
21

In

2n

u
nl u

nn

u_ - the second partial derivative of the utility function; if U

is negative definite, then all principle minors will

alternate in sign beginning with negative

The solution to the utility maximization problem yields n Marshallian

demand functions and a fvinction that represents the marginal utility of

money. These can be written as follows:

Xf* = (P.m) i = 1, 2,... n

Where:

X = (P,m)

~ the utility maximizing amount of each commodity as a

function of prices and income; and

X = the marginal utility of money.
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The demand fiinction is important because it describes how the

consumer will react to different sets of prices and a specific income.

The term ^ represents the marginal utility of income. Alternatively

stated, X denotes the consumer's reaction to increments in income.

Properties of the consumer demand function can be obtained from

manipulating the first order conditions for utility maximization.

Specifically, these restrictions, or properties, are derived by examin

ing the results of parametric shifts in the first order conditions with

respect to prices and income. These restrictions on the demand func

tions are described by the partial derivatives of the first order

conditions for prices and income. The properties of the demand function

are as follows:^

1. Homogeneity Condition--The Marshallian demand functions must

be homogeneous of degree zero in prices and income. Alterna-

bively stated, if all prices and income change by the same

proportion, the quantity demanded is unaffected. This result

is significant because it states that consumption decisions

are made in response to relative prices and income. A

mathematical statement of the homogeneity condition is:

3x. 9x

dmP.

A 3x. px.\
V ° ̂  vA'

^See Johnson, Hassan and Green (1984), pp. 26-27,
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Engle Aggregation--This condition implies that the demand

function must be such that the sum of all expenditures on all

goods must equal total income. Put simply, the consumer must

spend all of his money to maximize utility. This condition

can be expressed in the following way:

n

- 3p. X.
S ^1 1

i=l 9m
= 1

Cornot Aggregation--This condition implies that the price of

one good affects the quantity purchased of all goods. This

restriction indicates that a consumer must be on the budget

constraint to maximize utility. Stated formally this condi

tion is:

4. The Symmetry Condition--This implies the Slutsky matrix (to

be discussed in a subsequent section) is symmetric and

negative semidefinite. Formally stated this restriction is:

Substituting x*(P,m) into the direct utility function U(x)

yields the indirect utility function u(x*(P,m)) = v(P,m). The indirect

utility fxinction indicates that utility is a fxinction of the optimal
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bundle of goods which in turn is a function of prices and money income.

This function indicates the maximum level of utility a consumer can

reach given a set of prices and income. The indirect utility function

will exhibit the following properties.

1. v(P,m) is continuous at all P > 0, m > 0.

2. v(P,m) is nonincreasing in P; that is, if P' > P, v(P',m) <

v(P,m) similarly, v(P,m) is nondecreasing in m.

3. v(P,m) is quasiconvex in P; that is, {P:v(P,m) < k is a

convex set for all real numbers k.

A. v(P,m) is homogeneous of degree zero in (P,m).

These properties are useful for relating the Marshallian and Hicksian

demand functions and the derivation of the Slutsky equation.

The utility maximization problem of the consumer can be viewed in

® '^^Tfsrent way. If the consumer must minimize expenditures subject to

a given level of utility, the solution to this problem will yield

Hicksian demand functions. The optimization problem can be formally

stated as follows:

Minimize P'X

Subject To U(X) = u'

Where:

P' = a column vector of prices (p^^, p^, ... , p^ );

X = a vector of commodities (x,, x., ..., x ): and
1 2 n

u' = a fixed level of utility.

2
See Varian (1978), pp. 89-90.
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Solving the above cost minimization problem yields n Hicksian demand

functions.

= x^^(P,u') i = (1, 2, ...n)
u = y(P,u')

Just as the Marshallian demand function satisfies certain condi

tions, so do the Hicksian demand functions. These are: 1) the homo

geneity condition and 2) the Slutsky matrix will be negative semi-

The second condxtion implies that all compensated own-price

elasticities will be < 0. This leads to the distinguishing property of

Hicksian demand functions that they must always have a negative slope.

A cost function can be constructed through the minimization

problem stated above. A Lagrangian function can be used to complete the

minimization problem.

L' = P'X - 6(u'- u (X))

Piff©rentiating L with respect to X and 6 will yield a set of first

order conditions that can be solved for the cost function.

c(P,u*)

Compensated demand functions can be derived from the cost function with

the use of Shepard's Lemma. The cost function will demonstrate certain

properties. These are:

1. Nondecreasing in prices;

2. Homogeneous of degree one in prices;

3. Concave in prices; and

^Ibid., pp. 91-92.
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4. If H(P,u) is the expenditure minimizing bvindle necessary to

achieve utility level u' at prices P then h^(P,u) =

3c(P^ul)
g- for i,...,n assuming the derivative is defined and
^i

P > 0.

There are several important identities that relate the cost

function, the indirect utility function, the Hicksian demand function

and the Marshallian demand function. These properties are as follows:

1. c(Pj^v(Pj^m)) = m. The minimal expenditure to reach utility

v(Pj^m) is m;

v(Pj^c(Pj^u)) = u. The maximal utility from income c(Pj^u) is
u:

= x^(Pj^c(P^u)). The Hicksian demand at utility u is

the same as the Marshallian demand at income c(Pj^u); and

= h^(Pj^v(Pj^m)) • The Marshallian demand at income m

is the same as the Hicksian demand at utility v(P^m).

The above discussion was intended to provide a brief but clear

summary of demand theory and the properties of demand functions. Also,

the relationship between Hicksian and Marshallian demand was described

with the use of the four identities above. To further illustrate the

relation between the two types of demand and the difference in the

measure of consumer surplus a discussion of the Slutsky equation is

essential.

The Slutsky Equation

The Slutsky equation is an equation that decomposes the demand

change induced by a price change into two separate effects: the
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substitution effect and the income effect. Property 3 above leads to

the Slutsky equation:^

hj(P^u) = Xj(Pj^c(Pj^u*))

Differentiating the above identity with respect to p, yields

3h^(P*u*) 3x^(P*m*) 3x^(P*m*) 3c(P|u*)
3p. 9p. 9ni 9p.
1 1

when evaluated at P ; however,

9c(P|u*)

is equal to x?. Therefore, after rearranging terms:

3x.(P*m*) 9h.(P*u*) 9x.(P*m*) ^
3p^ 9m X.

1

Which is the Slutsky equation. Rewriting the above equation yields the

following:

9x (P m) 9h (P u) 9x.(P,m)
Ax. = Ap. = —= V AnJ 3pj^ 1 9p^ 9m i ̂ 1

Change in Demand Substitu- Income Effect
tion

Effect

The term

3x^(Pj^m)
3Pi

is the slope of the Marshallian or ordinary demand curve. The term

3h^(P^u)
3Pi

^Ibid., pp. 95-96.
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is th6 slope of the Hicksien or compenseted demand curve. Therefore,

the Hicksian demand curve will always have a steeper slope than the

Marshallian demand curve. In fact, the Hicksian demand curve must

always have a negative slope while, under certain circumstances, the

Marshallian demand curve may slope upwards. Since Marshallian demand

includes both the substitution effect and the income effect and Hicksian

demand includes only the substitution effect, the measure of consumer

surplus derived from each demand curve will be different unless the

income effect of a price change is equal to zero.

Consximer Surplus Measures

If the price of a commodity such as a recreational experience

changes, the welfare of the consumer is affected. One convenient way to

measure this welfare change is through the use of consumer surplus. The

idea of consumer surplus can best be illustrated with the use of the

demand curves developed in the above section.

To determine the welfare gains from a change in price from p^ to
Pj in Figure III-l, it is necessary to ask the question: How much would

the consumer be willing to pay to move from p^ to Pj^?" This amount can
be decomposed into two parts. The first part is the amoxmt the consumer

is willing to pay as a result of direct savings on total expenditures

for the good at the original amount x^; this is equal to (p^ - P^Xq.
The second part is the additional amount of the good the consumer can

purchase at the new lower price. The question then is how much this

extra consumption is worth? The total amount the consumer is willing to

pay for the extra consumption is:
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fX.
J p(x)dx

*0

The amount the consximer must actually pay for the extra consumpt
ion is:

Pl(xi - Xq)

Therefore, the net gain from the extra consumption is what he is willing

to pay minus what he must pay. More formally stated:

fXi
J p(x)dx - p^(xj - Xq)

*0

Adding the amount he is willing to pay at Xq, (p^ - p^)xq, to the net

gain from the price change yields total Marshallian surplus which can be

defined as the single integral.^

rP
MCS

r 0= J x(pĵ , p^, ... p^)<ip

Pi

This integral simply defines the area under the Marshallian demand curve

bounded by the price lines.

Compensating and equivalent variation can similarly be expressed

as the area under the Hicksian demand curve and bounded by the price

lines. The integral which defines compensating variation is:^

fpQCV = J x(p^, u'(pj^, p^,... ,p^|pj^, P2....p^, m))dpj
Pi

The integral which defines equivalent variation is:^

rPf 0

JEV P2* •••?„' ""(Pi» P2'*-->PnlPi» P2»-"Pn» ®))dpj^
Pi

^Ibid., pp. 207-209.

^See Willig (1976), p. 592.

^Ibid., p. 592.
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These formulae express the compensating and equivalent variation

as areas under demand curves, between old and new price horizontals.

The demand curves are not Marshallian in that income parameters are not

constant. Instead, they are Hicksian compensated demand curves because

the income parameters include compensation which varies with the price

to keep the consumer at a constant level of utility. The only distinc-

tion between CV and EV is the level of utility the compensation is

designed to reach. All three measures are graphically illustrated in

Figure III-2.

Referring to Figure III-2, the three measures of consumer surplus

can be represented for an increase in price from p^ to Pq. The area

(M), pQPj^eb (C) and p^pj^fa (E) are, respectively, the Marshallian

measure, the compensating variation and the equivalent variation.

Unfortunately, Hicksian demand curves are unobservable and,

therefore, it is impossible to calculate measures of compensating and

equivalent variation. However, Willig (1976) demonstrates that the

observed Marshallian measure can be utilized to estimate the unobserv~

able compensating and equivalent variation measures which he contends

the theoretically correct measures of the welfare impact of a price
9

or income change.

The Slutsky equation indicates that the Hicksian demand curve

must always be steeper than the Marshallian demand curve. This informa

tion helps to establish boundaries on Marshallian consumer surplus.

^Ibid., p. 592.

^Ibid., p. 592.
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Inspection of Figure III-2 indicates that the relationship E < M < C,

holds. This says that the equivalent variation will be less than the

Marshallian measure which in turn will be less than the compensating

measure. This relationship may have useful implications for public

policy decisions. Willig (1976) states that if a cost benefit study

I'^'ilc^tes that the cost of the project outweighs the area under the

Marshallian demand curve, then the cost must certainly be greater than

the compensating variation. This information can be of some usefulness,

but a more precise relation between Marshallian measures and variation

measures would be ideal. Such a relationship has been proposed by

(1976), He specifies two situations under which equivalent and

compensating variation measures can be estimated from Marshallian

surplus measures. These situations are where income elasticity of

demand measures are held constant and where they are allowed to vary.

When income elasticity of demand is held constant, the formula

to convert a Marshallian measure to a compensating or equivalent

. 10
measure is:

C « M + E a M -
2m 0

2m

C - " . -OM M - B . _nM
» 2^0 »' 2.°

Where:

M = Marshallian consumer's surplus area under the demand curve

and between the two prices (positive for a price increase

and negative for a price decrease);

IOtvjIbid., p. 593.
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C = compensating variation corresponding to the price change;

E = equivalent variation corresponding to the price change;

m^ = consvuners base income; and

n = the values of the income elasticity of demand in the region

under consideration.

When income elasticity of demand is allowed to vary, Willig^^

(1976) provides us with a formula to estimate compensating and equiva

lent variation from the observable Marshallian measure. Willig con

cludes that in the limit, as the smallest and largest values of income

elasticity converge the variable elasticity formula reduces to the

constant elasticity formula. Perhaps the most useful result of Willig's

seminal work in the area of consumer surplus is a formula that places

observable boiinds on the percentage errors of approximating compensating

and equivalent measures from Marshallian measures. These formulas

12
are:

IL|M| < C - M ^ n|M|

2m° ""N~ ^
n|M| ̂  M - E ̂  Tf|M|

Where:

H are, respectively, the smallest and largest values of

income elasticity.

See Willig (1976) for a complete discussion of estimation when
income elasticity is allowed to vary.

^^Ibid., pp. 589-590.
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These bounds can be calculated from observable demand data cind

Willig contends that in most empirical studies the errors of approxima

tion will be very small. Moreover, the error will most likely be small

compared to the errors involved in estimating the demand function. The

conclusions reached by Willig in no way depend on the marginal utility

of money being constant. Therefore, this work allows the researcher to

use the concept of consumer surplus without the usual apologies that

accompany surplus measures. Finally, the most significant result of

this work implies that Marshallian surplus is usually a very good

approximation of the appropriate compensating and equivalent variation

measures.

Benefit Measures from the Travel Cost Method

Generally, as stated before, the travel cost method is used to

estimate the recreational benefits of an existing site or to measure the

potential benefits of a proposed site. In applying the travel cost

method, recreation is assumed to be a normal (noninferior) good, and the

travel cost to and from the site is used as a proxy for price. The

previous assumption implies that the travel cost model is based on a

utility maximizing problem for the consvimer. In other words, the

consumer must maximize utility from a bundle of consumption goods, a set

prices and a fixed income. Included in the consumption bxindle as one

of the goods is recreation. Similarly, one of the prices in the set

that the constimer faces is the cost of recreation which is represented

by the travel cost to and from the site.



45

Since the travel cost method is based on a utility maximizing

problem, any welfare measures derived from the model will be Marshallian

measures of consumer surplus. The aggregate demand curve developed in

Chapter II is illustrated in Figure III-3. The area under the curve and

bounded by the price lines represents an estimate of the economic

benefits generated from a particular site. This area is represented by

the integral:

v(tc)dtc

tc'

Where:

tc' = travel cost reported in the survey; and

be" = is the hypothetical use fee where aggregate visits are

equal to zero.

This is a Marshallian measure of consumer's surplus and, as was dis

cussed earlier, will be very close to the theoretically correct welfare

measures of compensating and equivalent variation.

Benefit Measures from the Contingent Valuation Method

The benefit measure that will be derived from the contingent

valuation model in this study will be a compensating variation measure.

This is because the initial level of utility for the consumer is the

reference point from which a change in welfare is measured. Alterna

tively stated, the consumer is asked to bid on a one year pass to

Reelfoot Lake, and at the time the bid is solicited the consumer is

already able to use the site. Therefore, the initial level of utility

is the reference level and the consumer is treated as if he is willing



t
c
"

T r a V e I C o s t

t
c
 

'v

T
o
t
a
l
 
V
i
s
i
t
s

Fi
gu

re
 I
II

-3
. 

Gr
ap

hi
ca

l 
Ex
am
pl
e 
of
 a
n 
Ag

gr
eg

at
e 
De
ma
nd
 C
ur
ve
.

■p
-



hi

to accept a less preferred situation or is willing to pay to move to a

more preferred situation. Conversely, had the consumer initially been

denied access to Reelfoot Lake and was asked to bid on a entrance pass,

the consumer surplxis measure would be the equivalent variation. This is

true because the subsequent level of welfare would be used as the

reference point from which the consumer makes his decision.
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CHAPTER IV

METHODOLOGY

The specific models used in this study are discussed in this

section. Two models are presented: first, a travel cost model and,

second, a simple form of a contingent valuation model. The procedure

used and the data required to estimate each model are presented. Also

presented in this section is the survey from which the data for this

study were taken. Finally, the methodology used to calculate a total

household value curve and an aggregate total value curve for the con

tingent valuation model is explained.

Travel Cost Model Specification

One of the principle objectives of this study was to generate

estimates of the value of the recreational experience for visitors to

Reelfoot Lake. This objective was accomplished with a travel cost

model. In general form the travel cost model can be described by the

following expression, derived from work by Mansfield (1969, 1971) and

Smith (1971) and is a modification of the Clawson method (1958).

= 8(Dj Tj a ...) IV-2

Where:

= number of visits from origin i to destination j;

= trip cost, which is a fxmction of time, distance, admission

charge, etc.;

= the population at the ith origin;
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= socioeconomic variables, representative of origin i;

= some index of alternative sites available to visitors from

origin i;

= distance from the ith origin;

= travel time from the ith origin; and

A = admission charge.

Specifically, the demand for recreation at Reelfoot Lake can be speci

fied as follows;

LnV., = + BjWQj tB^WQ^ + B3WQ3 +B^WQ^ + BjD^ + B^T.. + B^Y^ +
BjSj tB^Fj + c IV-3

Where:

= the natural log of annual average visits per capita to

Reelfoot Lake from origin i;

= proportion of visitors indicating that water quality was

not perceived as a problem at Reelfoot Lake;

WQ2 ~ proportion of visitors indicating that water quality was

perceived as a slight problem at Reelfoot Lake;

~ proportion of visitors indicating that water quality was

perceived as a moderate problem at Reelfoot Lake;

~ proportion of visitors indicating that water quality was

perceived as a serious problem at Reelfoot Lake; the

fifth WQ variable which characterized water quality

perceptions as very serious was deleted to avoid perfect

collinearity in the model;

= distance traveled to Reelfoot from origin i;

= travel time to Reelfoot from origin i;
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= average income from origin i;

= a measure of substitute sites available for visitors from

origin i;

= average years of education at origin i; and

e = error term.

Due to the problem of multicollinearity between D.. and T . it was
ij ij

necessary to establish a time money trade-off so the two variables could

be combined. The model was thus rewritten as follows:

" =0 =3"''3 V4 ®5=1J + Vi
+ BgF^ + e IV-4

Where:

C_ = (tc + tt*k)

Where:

tc = round-trip travel cost, i.e., the distance traveled times

the appropriate cost per mile;

tt = round-trip travel time; and

k = the opportimity cost of time; and all other variables are

defined as before.

Although the zonal approach results in a loss of information

about certain parameters and demand shifters, this method was considered

superior to the individual observation approach for two reasons. First,

the individual observation approach can lead to great difficulty in

demand estimation since often the average niunber of trips an individual

makes in a year is one. This lack of variation in the dependent vari

able can present serious problems in the estimation procedure.
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The second difficulty with the individual observation approach is

that this method does not account for the proportion of nonparticipation

increasing as distance from a site increases. This can lead to a

serious overestimation of consvimer surplus (Brown, et , 1983). One

proposed remedy (Brown, ̂  ̂., 1983) to the overestimation of consumer

surplus from the individual observation approach is to adjust the

observations to a per capita basis. However, even if adjusted to a per

capita basis the measurement error of travel costs, for studies where

individuals are asked to recall trip mileage and travel expenses a month

or more after the trip, would be serious enough to mitigate any effi

ciency gains from individual observations. Brown, ̂  (1983),

suggest a single equation travel cost model with a low level of aggrega

tion will yield good results with only a small loss of efficiency. The

data for this model were collected at least one month after an individ

ual's visit to Reelfoot Lake. Therefore, a single equation zonal

approach with a low level of aggregation is justified as the appropriate

specification for this model.

A semilog functional form was selected for this model for two

P^i^ciple reasons. First, when the dependent variable is specified on a

per capita basis, the statistical problem of heteroskedasticity is

likely to be a problem. This problem arises when the units of aggrega

tion are of extremely different size, as discussed earlier. The appro

priate choice of functional form can mitigate the problem of hetero

skedasticity. Strong (1983) and Vaughan and Russell (1982) demonstrate

that if a semilog form is chosen, heteroskedasticity will be a signifi

cant problem.
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The second reason for choosing a semilog form is based on the

rate at which trips per capita falls off as distance from a site

increases. The linear functional form will predict negative visits for

a few high distance (high cost) origins. This is, obviously, contrary

to intuition and common sense. Ziemer, ̂  (1980), Vaughan and

Russell (1982) and Strong (1983) argue that the semilog functional form

will eliminate this problem and is, therefore, the preferred functional

form. Finally, McConnell (1985) argues that a researcher who cannot

choose a functional form based on statistical or theoretical considera

tions will find that the bulk of the evidence in the literature supports

the semilog form.

Data Source and the Measurement of Variables

The data used for estimating the demand equation IV-A were from a

Reelfoot Lake visitor survey conducted by the Department of Forestry

Wildlife and Fisheries, University of Tennessee, during spring, 1985,

through winter, 1986. A total of 900 questionnaires were initially sent

to the target respondents. A total of 38 were undeliverable or inelig

ible for use in the study. Of the 862 qualifying questionnaires 719

were returned, representing a response rate of 82.4 percent.

Sample design and questionnaire. The survey population for this

study consisted of those individuals currently using the park's facili

ties. Three sampling periods were used in this study: Phase I—Spring

(April-May, 1985); Phase II--Summer (July-August, 1985); Phase III--

Winter (December, 1985-January, 1986). Initially, "contact cards" were

used to make contact with the lake visitors. These cards contained a
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short explanation of the study, some preliminary questions and reference

to a follow-up questionnaire to be mailed at a later date. A randomly

selected group of 300 "contact cards" was drawn from each phase of the

sample. The follow-up questionnaire was then mailed to each of these

900 randomly selected individuals.

The questionnaire was designed to elicit information about

visitor characteristics, perceptions about Reelfoot Lake management

problems and visitor expenditures. The questionnaire format was divided

into four main sections. The first section contained questions concern

ing the recreationist's visits to the lake. The second section con

tained questions pertaining to perceptions about lake management.

Visitor expenditures were addressed in the third section and socioeco

nomic information was obtained from the fourth section. The variables

taken from the survey information are discussed individually below.

Trips per capita (LnV.,)
I 11 » Annual average trips per capita from

origin i to Reelfoot Lake was taken directly from the survey and repre

sents the annual average number of trips over the five years prior to

the survey. It was felt that an annual average number of trips over

five years would more accurately reflect visitation than the niunber of

visits over a one-year period. To derive visits per capita, the indi

vidual observations were grouped according to zip code. By dividing

population for each zip code area into average visits per capita for

each zone was calculated.

Water quality (WQ). Although the possible influence of water

quality perceptions on recreational participation was of interest in
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this study, measurement problems with this variable were anticipated

from the start. The information on water quality came from a poorly

worded question that asked individuals to rank, on a scale of one to

five, their perceptions concerning the seriousness of the water quality

problem at Reelfoot Lake. No attempt was made to establish any water

quality scale for the respondents; therefore, the ranking is on a purely

subjective basis. Additionally, this question was one of a list of

questions similar in design covering, for example, litter at the lake,

camping facilities and parking areas, any of which could provide infor

mation on potential shifters of the demand curve. This variable was

included in the initial model runs to see if it proved to have a sta

tistically significant relationship with visits per capita. If so, this

would suggest improving "water quality" could affect the visitation and

the value of recreational activities.

Travel cost variable (C..) „
n ' Total travel cost is a function of

time and distance. The main criterion for defining the travel cost

variable is its ability to mimic the effect of site entry fees on

visitation (Ward and Loomis, 1986). This is because the travel cost

model assumes that individuals will react to increases in travel costs

in the same manner as they would to an increase in site entry fees. The

decision faced by the researcher on which costs to include in the travel

cost variable is complicated by people's perception of costs. There

fore, in almost all empirical studies, only the variable costs of

transportation are included in this component of the price variable.

For this study this information is available from the survey. Round-
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trip transportation costs are equal to the total number of miles trav

eled times the appropriate cost per mile. The cost per mile represents

the average cost of operating an automobile as defined by the Internal

Revenue Service and is equal to $.1386 per mile. Total round-trip

travel time is taken directly from the survey instriiment. However, the

opportunity cost of time must also be established. There has been a

continuing debate in the literature concerning the appropriate value of

time to be included in the travel cost model. Recent work by Smith,

Desvousges and McGiveny (1983) has attempted to more accurately value

the opportxmity cost of travel time by the incorporation of worker

characteristics into a hedonic wage model. Bockstael, Strand and

Hanemann (1987) have developed a model where the inclusion of time is

conditional on the recreationist's labor market situation. Although

these models provide a theoretically correct valuation of the opportun

ity cost of time in a travel cost model, the detailed data requirements

of such models prevent their use in many empirical studies.

A methodology proposed by McConnell and Strand (1981) allows the

researcher to empirically measure the opportunity cost of time directly

from observations on an individual's behavior. They argue that the

opportunity cost of time is some proportion of an individual's wage rate

which will vary from person to person and sample to sample. Their

procedure allows for this variation, thereby eliminating the need to use

fixed proportions of the wage rate for all individuals and samples. The

methodology for estimating the opportunity cost of time can be described

as follows:
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Recall the original demand fxmction for recreation at Reelfoot.

LnVij = Bq + B^WQ^ + B^WQ^ + B3WQ3 + B^WQ^ + +

B,Y. + B^S. + BqF. + e IV-5
01 7 1 81

Where:

k = the opportunity cost of travel time; and

all other variables defined as before.

Assume that k is a fimction of the wage rate, i.e., k = f. (w) IV-6.
JC

Where:

fk^*) can take any functional form; and

w = the wage rate.

Substituting IV-6 into IV-5 results in the following expression:

^^ij " ®0 ®1^^1 "*■ tt*fj^(w)) +
B,Y. + B.,S. + BqF. + e IV-7

6 1 7 1 81

Assume the opportunity cost of time is some constant (c) times the wage

rate, i.e., k = c * w; where: 0 < c < 1 and is usually arbitrarily

chosen. However, this method allows estimation of (c) directly from the

sample data as follows. Rewriting IV-7:

Lnv_ = Bg + B^WQ^ + B2WQ2 + B^WQ^ + B^WQ^ + B^Ctc + tt*(c*w)) +
BgY^ + B^S^ + B^F^ + G IV-8

Rewriting the above eqxiation:

LnVi^ = Bq + Bj^WQj^ + B2WQ2 + B^WQ^ + B^WQ^ + B^tc + Bg(w*tt) +

®8^i Mi ®
Where:

B6 = B5 * c
A maximum likelihood procedure can be used to estimate c; where:

h
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The principle advantage of estimating (c) directly by TnayimiiTn likelihood

methods is that its asymptotic properties are known. Specifically, the

coefficient will always be asymptotically unbiased, asymptotically

efficient and consistent. One would expect (c) to vary by site and

region. Therefore, it is better to estimate time values based on

information revealed by recreationists. Simply stated, this method

eliminates the need for the arbitrary valuation of time.

Average income (Y.) , . . .
Z i_- Average income for recreationists at

Reelfoot Lake is tfdcen directly from the survey instrument. Respondents

were asked to classify their total household income based on the follow

ing categories: 1) less than $5,000; 2) $5,000 to $10,000; 3) $10,000

to $20,000; 4) $20,000 to $30,000; 5) $30,000 to $40,000; 6) $40,000 to

$50,000; and 7) over $50,000. The midpoint of each category is used as

household income. A figure of $55,000 was arbitrarily selected to

represent families with incomes greater than $50,000. The values used

in the estimation of the demand equation represent an average income for

each zip code group. This number is the midpoint of each income cate

gory times the number of households in each category divided by the

total number of households in each zip code zone.

Substitute sites (S.) -l un
i_. Substitute sites available for visitors

to Reelfoot Lake were established for each origin i. Economic theory

indicates that the price of substitutes must be included in a demand

function for correct specification. If travel cost to a substitute site

and the site under study are positively correlated, then omission of the

price of the substitute will lead to a bias in estimation of consumer
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surplus (Calkins, Bishop and Bowes, 1985). Consequently, the solution

to the problem is to include the price of substitutes into the model.

Knetsch, Brown and Hansen (1976) developed an index value to

include both price and quantity of substitutes into a travel cost model.

Specifically, they used a ratio of site quantity of the substitute site

(e.g., surface acres, harvest) divided by distance from the origin to

the substitute site. If the ratio for a specific origin-substitute site

combination is greater than the ratio for the given origin study combi

nation, then the substitute site is considered competitive.

The above type of index value was adopted for this study. To

characterize substitute sites for visitors to Reelfoot Lake, the ratio

of surface acres of water to distance from the substitute site for each

origin was used. The ratio is defined as follows:

surface acres of water

distance of site from origin i

It was felt that this variable could capture both price and

quantity effects of a substitute site. Admittedly some recreationists

who visit Reelfoot Lake State Park may not be interested in water

related activities. However, the survey indicates that the largest

percent of respondents listed fishing, a water related activity, as

their main activity while at the park. Also, when asked what areas

recreationists visited while at the park, 57 percent indicated they

visited the water area (shoreline, beach, boating facility), while only

15 percent indicated they visited the forest portion of the state park.

Therefore, based on the heavy use of the lake itself, surface acres of

water was the most appropriate way to quantify substitute sites.



59

The interpretation of this variable is somewhat different than

for a "price" of substitutes variable. Since is a ratio with a large

numerator indicating a large quantity of substitute sites and a small

denominator indicating a favorable price for a substitute, an inverse

relation is expected between and . Alternatively stated, as the

value of S^ rises, indicating a large substitute lake, a short distance

from origin i, or both, the demand for recreation at Reelfoot Lake is

expected to decrease. Although this substitute variable is only a proxy

for the real cost of substitutes, it should help to more accurately

specify the demand function for recreation at Reelfoot Lake State Park.

Simply omitting the substitute variable will clearly lead to a mis-

specified demand fionction. The information for this variable was not

available from the survey and was therefore calculated indirectly. The

calculation of this variable involved the selection of a lake site,

believed to be comparable to Reelfoot, that was near each of the origins

in this study. The surface area of each lake was obtained from a U. S.

geological survey. The lake surface area was then divided by the

distance by road from each origin to the substitute site. The observa

tions were grouped according to three digit zip codes, and substitute

sites were calculated from the center of each three digit zip code. One

hundred different substitute site ratios were calculated, and only three

zip code zones did not have a substitute site. Consequently, these

observations were dropped from the data set.

Education level (F.) „ ^ , . . , ,,
x_. Years of education is taken directly from

the survey. Respondents were asked to reveal the number of years of
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education they had received. Those who indicated 19+, the highest

amoxmt, were assigned a value of 21. This would allow for five years .

beyond a bachelors degree. Again, as with all other variables in the

demand function, this variable represents an average at each origin.

Model Estimation

The demand function for recreation at Reelfoot Lake State Park

was estimated using a maximum likelihood technique. Maximum likelihood

estimation was chosen because recent research (Judge, et ̂ ., 1980;

Maddala, 1983; Smith and Desvousges, 1985) has determined that the use

of ordinary least sqxiares regression techniques on truncated samples

will lead to biased coefficient estimates. This is because ordinary

regression techniques require that the data take on a full range of

value, while the demand for recreation is only defined for nonnegative

values. Thus, the use of maximum likelihood estimation is recommended

for trimcated samples to avoid biased coefficients and, therefore,

biased estimates of consumer surplus (Kealy and Bishop, 1986).

Maximum likelihood estimation can best be described as follows:

The random variable x has a density function f(x). The joint frequency

or density frinction of the random sample (x,, x_, x ) can be written
1 z n

as

n

L( Xj^, X^ ,...X ) ~ IT f(x,)
i=l

and called the likelihood of the sample (x^^, ^2, x^). The frequency

of the random variable can be given as a function of the parameters Oj^,

^2**"°k written as f(x | o^, 02,...Oj^). The likelihood of the
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sample (x^, X2,...x^), written as

n

X2»««- x^ I ~ f(x^ I Oj^,.,.CTj^)

can then be denoted as the likelihood function of the sample (x^^,

*2***'*n^' Therefore, the maximum likelihood estimate of a is that
estimate for which the likelihood f;mction

n

L = IT f (x. I a. .. .o, )
i=l 1 ^ ^

is at a maximum. Alternatively stated, different populations generate

different samples, and a sample may be more likely to come from one

population than another. Therefore, maximum likelihood estimates

maximize the probability that a sample will come from a population with

certain parameters (Kmenta, 1986).

This concept is illustrated graphically in Figure IV-l. The

points Xj^,....x^ represent 10 specific observations. These observations

can come from any normal population since the range of a normal popula

tion extends from -"*> to +«®. However, the probability of drawing the

sample observations from population A or C is very small. But if the

true population from which the sample was drawn is B, then the probabil

ity of drawing such observations is very high. Thus, maximum likelihood

estimators are values of parameters that will generate the sample most

often. These parameters are generated by maximizing the likelihood

function of a random variable.

If the demand for recreation at Reelfoot Lake is specified as:

LnV = X'B + e

Where:
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LnV = a vector of the natural log of the dependent variable; the

truncation takes the form V > 0;

X' = a matrix of the independent variables;

B = a vector of parameters to be estimated; and

G = the disturbance term which is assumed to be normally and

independently distributed with a mean of zero and a

standard deviation of a (Maddala, 1983).

1The density function of V is defined as follows:

(p[(V - B'X)/a]

" ^[(O + B'X)/a] if V > 0

f(V) = 0 otherwise

Where:

(P and $ are, respectively, the density function and the distri

bution fvinction of the standard normal.

To derive estimates of B, it is necessary to maximize the appropriate

likelihood function. This function can be specified as follows:

Log L = -N Log[(2,)l/2„] . - g Log 4. 5^2^
z o ° a

The first order conditions for the above function as defined by Hausman

and Wise (1976) are:

- 4" 2(V - B'X)X + E - 0

^ 2g^ ̂  ^ ̂  S(V - B'X)^ + ̂  = 0
2a^ 2a^ 2a^

^^See Maddala (1983), p. 166.

^'^See Maddala (1983), p. 166.
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Since the derivatives for the above equations are nonlinear, it is

necessary to use an iterative process to find solutions. Maddala

contends that since the likelihood function is globally concave using

OLS estimates for starting values in the iterative process will lead to

unbiased maximum likelihood estimates of B. These coefficients will

also be asymptotically efficient and consistent.

The program used to estimate the coefficients for the demand for

recreation at Reelfoot Lake was LIMDEP. This package computes maximum

likelihood estimates in a manner consistent with the above criteria

stated by Maddala. Therefore, these coefficients are asymptotically

unbiased.

Contingent Valuation Model Specification

A secondary objective of this study was to use a simple form of

the contingent valuation method to estimate the economic value of

recreational activity at Reelfoot Lake. This model was severely limited

by the quality of the survey information. Unfortunately the survey

instrument likely introduced strategic and starting point bias into the

model. However, regardless of potential bias resulting from the survey

an argument can be made that a contingent market was established. A

correctly specified contingent valuation study must include the

following:

1. A comprehensive description of the public good being valued

and the situation under which this good would be available.

In a purely hypothetical market the base and proposed levels



 

 

65

of a public good must be clearly defined and the maximxom

willingness-to-pay for each level of that good recorded.

2. Questions that reveal information about the socioeconomic

characteristics of visitors to the site.

The simple form of the contingent valuation method in this study

specifies the public good and the conditions under which it will be

available. Respondents are asked to state a maximtim willingness-to-pay

for a one-year pass to Reelfoot Lake. Therefore, in a very basic way a

contingent market is established. Respondents are aware they are

bidding on a specific level of a good. In this case, the contingent

market they are faced with allows them to bid for use or no use of

Reelfoot Lake. Since the survey, through the use of detailed questions,

describes the lake and the surroiinding park, it is believed that the

respondents were sufficiently familiar with the public good to accu

rately bid on it. Also, a simplified market was established. Thus,

this basic form of the contingent valuation method should be an empiri

cally sound technique to generate an estimate of the value of recreation

activity at Reelfoot Lake.

In general form the contingent valuation model can be written as

follows:

WTP = f(V, Y, M, S, D)

Where:

WTP = willingness-to-pay for use of a site or improvements in the

quality of the site;

V = nvimber and length of visit to a site;

Y = years of experience with a site;
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M = miles traveled to a site;

S = availability of substitute sites; and

D = socioeconomic variables.

The conceptual model presented above is based primarily on other

studies valuing environmental amenities (Brookshire, et al., 1976;

Brookshire, ̂  , 1980; Randall, ̂  , 1976; Bergstrom, ̂  ,

1985). In the above studies total willingness-to-pay was considered to

be a function of quantity, quality sind socioeconomic variables. In this

study willingness-to-pay is a function of quantity, distance, substi

tutes and income.

Once the model is specified, a household total value curve can be

derived. A total value curve relates willingness-to-pay for a nonmarket

good to the quantity of that good provided. In this study the quantity

variable is defined as the number of trips an individual makes to

Reelfoot Lake on a yearly basis. Theoretically, the relationship

between total willingness-to-pay and the number of trips taken per year

should be a direct one. The expected relationship is that total

willingness-to-pay increases at a decreasing rate as the number of trips

taken per year increases. Therefore, the first derivative of the total

value curve will yield a compensated demand curve. After the household

total value cure is calculated, an aggregate total value curve can be

generated. The derivation of the household and aggregate value curve

will be detailed in a subsequent section.

The relationship expected between distance traveled and

willingness-to-pay for a one-year pass is an inverse one. It seems

reasonable to assume that those who live closer to the park will be
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willing-to-pay more for a one-year pass. This expectation is based on

the fact that those who live closer would be able to more fully utilize

a one-year pass due to the reduced travel time and cost necessary to

obtain entrance to the lake. Conversely, those who live a greater

distance from the park would most likely make a limited number of visits

to Reelfoot due to the time and money constraints. Thiis, they would be

expected to have a lower willingness-to-pay for a one-year pass.

The expected relationship between willingness-to-pay and the

availability of substitute sites is also an inverse one. The availabil

ity of substitutes is measured by the index described previously. As

the index value increases, this indicates that the availability of

substitutes increases, or the price decreases. Basic economic theory

suggests that, as the qxiantity of substitutes increases or the price

decreases, a consigner's willingness-to-pay for a good decreases. In

this case, as more recreational areas are available or travel cost to

these areas decreases, the willingness-to-pay for a one-year pass to

Reelfoot Lake would be expected to decrease.

Income and willingness-to-pay are expected to be directly

related. Economic theory indicates that as income increases, a consumer-

will be willing to pay more for a commodity. Consequently, as a recrea-

tionist's income rises, it is reasonable to expect his willingness-to-

pay for a one-year pass to increase.

The model used in this study expresses willingness-to-pay as a

function of quantity, education, availability of substitutes and income.

This model can be formally stated as:

WTP = B- + B.V. + B-E. + B-S, + B.I, + e IV-IO
U li 2i 3i 4i
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Where:

WTP = maximxim willingness-to-pay for a one-year pass;

= number of trips taken per year to Reelfoot lake;

= education level for each individual;

= availability of substitute sites;

= total household income; and

e = normally distributed error term.

A linear relationship was hypothesized for the functional form of

the contingent valuation model since there did not seem to be a consen

sus in the literature as to a preferred functional form for a contingent

valuation study. WTP is only defined for nonnegative values with zero

being a common value. Consequently, a tobit procedure for a censored

sample is a correct technique to generate asymptotically unbiased

coefficient estimates.

Measurement of Variables in the Contingent Valuation Model

Willingness-to-pay for a one-year pass to Reelfoot Lake State

Park was taken directly from the survey. Respondents were asked to

assign a maximum dollar value that they were willing to pay for a

one-year pass. The respondents understood that they were bidding on the

right to use the lake or to be excluded from it in a hypothetical sense.

The number of trips per year taken to Reelfoot Lake by individual

i was taken directly from the survey and represents the average number

of trips an individual has made over the last five years. It was

See Maddala (1983) for a complete discussion of the tobit
estimation procedure.
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believed that an average visitation rate over five years would be more

representative of visitor behavior than the number of visits over a

one-year period.

Education level for each individual was also taken directly from

the survey instrument. Respondents were asked how many years of formal

education they had received.

The availability of substitute sites at origin i was an index

number designed to capture both the quantity effect and price effect of

substitutes. This variable is the same as that used to characterize

substitute options in the travel cost model. The index value is defined

as the ratio of surface acres of water of a substitute site to the

distance that site is from origin i. Formally stated the index equals:

surface acres of water of a substitute site

distance to the substitute site from origin i

If the above ratio for a specific origin-substitute site combination is

greater than the ratio for the given origin-study combination, then the

substitute site is considered competitive. The information for this

variable was not available from the survey.

Income for recreationists at Reelfoot Lake comes directly from

the survey. Respondents were asked to classify their household income

based on seven categories, as outlined previously for the travel cost

model.

Benefit EstiTnation

The estimation of benefits for the contingent valuation model in

this study is fairly straightforward. Benefit estimates are generated

in two steps. The first step is to derive a household total value
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curve. The second step involves estimation of an aggregate total value

curve.

Household total value curve. A household total value curve can

be estimated from the regression equation expressing willingness-to-pay

as a function of trips taken, education, substitutes and income. The

estimation of a household total value curve requires that the regression

eqxiation be solved for the mean values of the independent variables. A

simple example of a household total value curve can be expressed as

follows:

VJTP = 4.00 + .OIV^ - .02E^ - .0153^ + .0011 IV-11

If the mean values for the independent variables trips taken, distance,

substitutes and income are 15, 10, 100 and $20,000, respectively, then

the total value of recreation at Reelfoot for the average visitor is

$21.85. This value is calculated by solving equation IV-11 for the

above values.

Aggregate total value curve. Once the household total value

curve is estimated, it is relatively easy to calculate an aggregate

total value curve. An expression for annual aggregate willingness-to-

pay is derived by multiplying the right-hand side of equation IV-11 by

the total number of visitors to Reelfoot for a one-year period. Assum

ing that 50,000 people visited Reelfoot Lake State Park annually, the

expression for aggregate total value would be:

aggregate WTP = 200,000 + 500V^ - lOOOE^ - 7508^ + 501 IV-12

To generate estimates of aggregate total value, equation IV-12 is solved

for the mean values of the independent variables.
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Sunmiarv

The exact specification and data requirements for each model in

this study were provided in this chapter. Two models were presented, a

travel cost model and a contingent valuation model. Also included in

this chapter was a discussion of the survey from which the data were

obtained for both of these models. Finally, benefit estimation for the

contingent valuation model was discussed. Benefit estimation for the

travel cost model was explained in the preceding chapter.
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CHAPTER V

RESULTS

The results generated from both the travel cost model and the

contingent valuation model are detailed in this section. The estimated

equations and estimates of consumer surplus are presented for each

model. Also included in this chapter is a discussion of each of the

variables used in the models and their significance as predictors of

recreational activity at Reelfoot Lake. Finally, a comparison of the

results from the two models is presented.

The Travel Cost Model Estimates

Initial runs of the model were done with the inclusion of the

water quality variables to see if a significant relationship existed

between water quality perceptions and visitation. Only one of the water

quality variables proved statistically significant, and it had a nega

tive sign. The negative sign raised questions as to whether these

variables acttially measured the effect that perception of water quality

has on visitation. A negative sign implies that as people's perceptions

of water quality move from no problem towards a serious problem, visita

tion at the lake increases. This is, of course, contrary to expecta

tions and logic. A proposed explanation for the negative sign is that

the probability of noticing water quality problems increases with

increased visitation. Alternatively stated, a person who visits the

lake more frequently is more likely to notice a deterioration in water

quality over time, or to have been at a particular place at a particular
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time where the water quality proved a problem. The implication of this

is that the water quality variables in this study did not appear to

measure the expected relationship between perceptions concerning water

quality and visitation rates, but, if anything, captured the effect

frequency of visitation has on perceptions concerning water qiiality.

Therefore, since these variables did not appear to capture the concept

ually modelled relationship, they were dropped from the model.

Before estimating the first stage demand curve from which con

sumer surplus estimates were to be made, it was necessary to derive an

estimate of the opportunity cost of travel time. The opportunity cost

of time is equal to some fraction (c) multiplied by the wage rate. To

determine this fraction, it was necessary to estimate equation IV-9.

The regression equation used to calculate the fraction of the wage rate

at which to value the the opportunity cost of travel time for the travel

cost model is given by equation V-1.

Lnv = 5.885 - .015tc., - .0021wtt.. - .000014Y. - .000053S.
ij ij 1 1

t values (8.69) (-4.50) (-.732) (-1.346) (-.969)

- .019E^ V-1

t values (-2.02)

n^^ = 268

Where:

= the natural log of annual average visits per 100,000 from

origin i to destination j;

Thirty-six percent of the visitors listed fishing as their main
activity, 15 percent listed eagle watching and 6.5 percent listed
wildlife observation. The rest of the visitors listed some other
activity.
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= round-trip travel cost from origin i to Reelfoot Lake;

wtt^j = round-trip travel time from origin i to Reelfoot Lake

multiplied by the average wage rate for each zip code

zone; the wage rate is determined by dividing yearly

income by 2,000 hours;

= the average income for origin i;

= an index of available substitute sites for visitors from

origin i; and

= the average education level at origin i.

It should be noted that although the travel time variable in

equation V-1 is not statistically significant, this is not particularly

surprising. One of the principal reasons the travel time and travel

cost variables are combined is to avoid the problem of multicollinearity

which causes inflated standard errors and consequently, insignificant

coefficients. Examination of the Pearson correlation matrix for the

variables in equation V-1 indicates that a fairly high level of correla

tion existed between travel time and travel cost and income. Therefore,

multicollinearity is believed to be responsible for the lack of signifi

cance of the travel time coefficient. Combining the variables in

equation V-2 reduced the level of multicollinearity.

Recall from Chapter IV that (c) (the fraction of the wage rate at

which to value travel time) can be estimated directly from the sample

and is equal to divided by B2. Therefore, (c) is equal to 14 percent

of the wage rate. This value for (c) was then substituted into equation

IV-4 and resulted in equation V-2 which is the first-stage demand curve

for recreation at Reelfoot Lake.
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LnV,, = 5.886 - .015C.. - .OOOOIAY. - .000054S. - .087E. V-2
ij ij 1 1 1

t values (8.82) (-6.99) (-1.60) (-.975) (-2.206)

n = 268

*** = indicates significance at the .01 level;

** = indicates significance at the .05 level; and

* = indicates significance at the .15 level.

VJhere:

= ((tc^j + tt^j * (c*w)) total travel cost from origin i to
destination j;

c = the fraction of the wage rate at which to value travel time

from origin i to Reelfoot Lake;

w = the wage rate from origin i; this value equals the income

from origin i divided by 2000 hours; and

all other variables are defined as before.

Statistical Significance of Variables

Examination of the coefficient for travel cost in equation V-1

and total travel cost in equation V-2 indicates that they are equal.

This is to be expected since the technique developed by McConnell and

Strand (1981) has the effect of scaling the travel time coefficient in

eqxiation V-1 to be equal to the travel cost coefficient in equation V-1

so they may be combined. Alternatively stated, the estimation of (c)

equates the travel time and travel cost coefficients in equation V-1 so

they can be combined into one coefficient in equation V-2.

The total travel cost coefficient (C^j) was statistically signif

icant at the 1 percent level and had the expected negative sign. This
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variable indicates that as total travel cost increases, either in the

form of higher transportation costs or higher time costs, visits per

capita decrease. The inclusion of both travel time and travel cost in a

single variable eliminates the correlation between the two as separate

predictors and yields a price coefficient that will not understate

consumer surplus (Ward and Loomis, 1986).

The income coefficient (Y^) had a negative sign and was signifi

cant at the 15 percent level. One implication of the negative coef

ficient is that visits to Reelfoot Lake are inferior goods. The term

inferior does not imply any social value judgment about recreation at

Reelfoot Lsike; it simply indicates that an inverse relationship exists

between income and visits to the lake. This inverse relationship seems

consistent in this case. It is reasonable to asstime that higher income

individuals may visit Reelfoot Lake on a limited basis due to a desire

and ability to recreate in different places and activities over the

year, while lower income individuals may visit Reelfoot Lake on a

repetitive basis to participate in relatively low-cost fishing or

camping activities. In fact, one of the most popular activities at

Reelfoot Lake is crappie and bluegill fishing, an activity which may

appeal more to lower income individuals.

The substitute site coefficient was statistically insignificant.

There are two possible explanations for why this variable was insignif

icant. First, it may be that the variable does not truly reflect the

availability of substitute recreational sites for visitors to Reelfoot

Lake. Alternatively stated, the variable may be misspecifled. The

problem of correctly identifying and including variables that reflect
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the availability of alternative recreational sites in a travel cost

model is one for which the literature offers no guaranteed solutions.

Various researchers (Burt and Brewer, 1971; Chiccettii, Fisher and

Smith, 1976; Knetsch, Brown and Hansen, 1976; Sorg, Loomis and Donnelly,

1984) have attempted to quantify the effect substitute sites have on the

demand for recreation. However, no one has been able to clearly define

and specify the appropriate measure of substitutes for recreational

valuation.

The second possible explanation for the lack of significance of

the substitute variable is that Reelfoot Lake may truly be a unique site

for which no good substitutes exist. Reelfoot Lake is the only large

naturally formed lake in the state of Tennessee. Additionally, it is

one of a very few wintering habitats for bald and golden eagles and the

osprey. All of these birds are endangered species. Finally, there are

unique cultural and historical aspects to the lake and the surrovinding

area. All of the above factors may, in fact, make Reelfoot Lake a

imique site.

The education variable (E^) was significant at the 5 percent

level and had a negative sign. Again, as with income, an inverse

relationship exists between visitation and education. This type of

relationship seems quite plaxisible. It is not difficult to believe that

more highly educated people may visit Reelfoot Lake or any other site on

a limited basis, having a greater desire to recreate at different sites

over time. Conversely, one might expect individuals with a lower level

of education to be more content to vacation and recreate in the same

area and participate in the same activities on a yearly basis.
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First- and Second-Stage Demand Curves

Equation V-2 is the equation for the first-stage demand curve for

recreation at Reelfoot Lake. This curve is represented graphically in

Figure V-1. The curve plots visits per capita against travel costs.

All other variables in the demand equation are held constant at their

mean.

The first-stage demand curve was used to derive an aggregate

demand curve for total visitation to Reelfoot Lake. The aggregate

demand curve was calculated using sample mean values for income educa

tion amd the substitute site variable. The travel cost variable for

each zone was increased from zero by successive $10 increments until the

cost eqiialed the highest regularly observed travel cost values in the

data set. The highest regularly observed travel cost values were around

$230. After the $230 values there was a large gap with the next value

being equal to $290. The cost limit was used as a cutoff point because

the natural log of visits per capita would never equal zero regardless

of how high travel costs went. This cutoff procedure was developed by

Wennergren (1967) and subsequently used by Smith and Kopp (1976) and

Sorg and Nelson (1982). This methodology yields a conservative estimate

of consumer surplus since it eliminates a few observations. The loss in

this study is believed to be quite small since only five observations

were eliminated due to the $230 cutoff.

The aggregate demand curve for recreation at Reelfoot Lfiike is

illustrated in Figure V-2. The area under the curve is an estimate of

Marshallian consumer surplus. This measure is a net measure since the

dollar increases in travel costs used to generate this curve were over
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and above what the consvuner actually paid to obtain the site. As noted

in Chapter III, the Marshallian measure is approximately equal to the

more theoretically correct Hicksian measure of consiimer surplus.

Consumer Surplus

The calculated consumer surplus area under the aggregate demand

curve is an approximation due to the piecewise linear nature of the

demand curve. The area between each of the 23 points (one point for

each level of the increased hypothetical use fee) used to derive the

aggregate demand curve was calculated and then summed to get an estimate

of total consumer surplus. This area was then divided by the total

niimber of predicted visits from the sample at zero use fee to generate

an estimate of per trip consumer surplus. These niunbers appear in Table

V-1.

Table V-1 indicates that total consumer surplus for those in the

survey was equal to $70,652. Converting this to a per trip basis yields

a value of $61.33. The average number of people to visit Reelfoot Lake

per car during the sample period is 3.5; therefore, the average consumer

surplus per individual per trip was $17.50. This estimate is fairly

consistent with similar studies. Seller, Stoll and Chavas (1983)

estimated average consumer surplus per individual per trip for four

lakes in Texas to be $32.06, $24.42, $102.09 and $13.01. Ziemer, Musser

and Hill (1980) estimated a value of $26.46 for consvimer surplus per

individxial per trip for warm water fishing in Georgia. Finally, an

estimate of total annual use value for the site was generated by multi

plying the total number of visits to Reelfoot Lake annually during the
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Table V-1. Estimated Points for the Second Stage Demand Curve auid
Consumer Surplus Estimates.

Increase in

Use Fee Predicted Visits

Consumer Surpl\is Between
Estimated Points

$0 1152

$10 992 $800
$20 854 $2070
$30 733 $3025
$40 631 $3570
$50 543 $3960
$60 467 $4180
$70 398 $4485
$80 339 $4425
$90 290 $4165
$100 244 $4370
$110 205 $4095
$120 173 $3680
$130 148 $3125
$140 123 $3375
$150 101 $3190
$160 83 $2790
$170 64 $3135
$180 47 $2975
$190 34 $2405
$200 17 $3315
$210 7 $2050
$220 3 $860
$230 .3 $607

Total Consumer Surplus Per Visit Consumer Surplus
$70,652.00 $61.33
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sample period, 212,645, by the average consiimer surplus per visit.

This yields a total annual use value estimate for Reelfoot Lake of

$3,721,287.

The Contingent Valuation Estimates

The equation used to predict willingness to pay for a one-year

pass to Reelfoot is given by equation V-3.

WTP. = 14.02 + .55V. - .0000171. + .00018S. - .235E. V-3
1 1 1 1 1

t values (2.19) (3.12) (-1.78) (.292) (-.516)

n^^ = 393

** = indicates significance at the .01 level; and

* = indicates significance at the .10 level.

Where:

WTP = willingness to pay for a one-year pass to Reelfoot Lake;

= a five year annual average of visits to Reelfoot Lake;

= household income for individual i;

= substitutes available to individual i; and

= education level for individual i.

Average annual visits made to the site (V^) was significant at

the .01 level with the hypothesized positive sign and indicates that as

an additional visit is made to the site the willingness to pay for a

For a complete discussion of how this nvimber was generated, see
Linda Weaver, Research Assistant, Department of Forestry, Fisheries and
Wildlife, University of Tennessee.

18
Thirty-seven percent of the visitors listed fishing as their

main activity, 22 percent listed eagle watching and 15 percent listed
sightseeing.
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one-year pass to the lake increases by $.55. Income was significant at

the .01 level and had a negative sign. Thus, the higher the income

level, the lower the willingness-to-pay, which is consistent with the

results from the travel cost model. Both education and the substitute

site variable were statistically insignificant.

The estimates generated from the contingent valuation model in

this study are Hicksian compensating variation measures of consumer

surplus. This is true because the consiimer is asked to state a maviimim

willingness-to-pay for a one-year pass to Reelfoot Lake when initially

access to the lake is free. Therefore, the consumer is asked how much

he would be willing to pay to keep himself at the initial level of

welfare. The compensating variation measure is, as discussed earlier,

approximately equal to a Marshallian measure of consximer surplus. This

equivalency allows for a comparison of the welfare measures from the

travel cost and the contingent valuation models to be presented in a

subsequent section.

As presented earlier, the household total value curve for recrea

tion at Reelfoot Lake is described by equation V-3 below.

WTP = 14.02 + .55V. - .000171. + .00018S. - .235E. V-3
1 1 1 1

When all of the independent variables are held constant at their respec

tive sample means, an average willingness-to-pay for entrance to

Reelfoot Lake on a yearly basis can be generated. This is a net measure

of consumer surplus since it is a value over and above the present zero

entrance fee. This amount is equal to $7.50 and represents an estimate

of the total willingness-to-pay for recreation on a yearly basis for the

average visitor to Reelfoot Lake. Converting this to a per trip basis
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yields a value of $2.35, given the mean number of annual visits (3.18)

individuals in the sample made to Reelfoot Lake.

The next step in the benefit estimation process is to derive an

aggregate total value curve. This is done by multiplying the right-hand

side of equation V-3 by the total number of individuals to visit

Reelfoot in the year in which the sample was taken. The number of

individuals to visit the lake during the year was 66,869. This number

is equal to the total niomber of visits at Reelfoot (212,645) divided by

the mean number of visits per person (3.18) from the sample. The

expression for aggregate willingness-to-pay for recreation at Reelfoot

is given below by equation V-4.

AggrWTP = 937,503 + 36,778V, - 11.361. + 12.03S. - 15714E. V-4
1 1 1 1

Substituting the respective sample means for each of the independent

variables and then solving the equation yields a total willingness-to-

pay for recreation at Reelfoot Lake on an annual basis. This amount is

$499,715.

Comparison of the Travel Cost Model and

the Contingent Valuation Model

Unfortunately, no direct statistical comparison of the consumer

surplus estimates from both models can be made. This is because the

standard error for the second-stage demand curve for the travel cost

model is xinknown. However, if one simply looks at the per trip consumer

surplus estimates from both models, it is easy to see that they are

quite different. The travel cost model yields an estimate of consumer

surplus of $17.50 per individual per trip. On the other hand, the
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contingent valuation model yields an estimate of consximer surplus of

$2.35 per individual per trip. The travel cost estimate is thus 7.4

times as large as the contingent valuation estimate.

An explanation for the difference in the estimates is that the

contingent valuation estimate was most likely severely affected by

starting point bias and strategic bias. In the survey it was implied

that a yearly fee might be implemented based on the answer to the

willingness-to-pay question. This might make some people underbid their

true willingness to pay in the hope that they could continue to use the

park for free or at a cost less than their actual willingness-to-pay.

Additionally, in another question the survey also implied that $10 was

an appropriate amoimt to pay for a one-year pass. Had $10 not been

suggested as an appropriate amoxint for a pass to Reelfoot, bids in

excess of $10 may have been more common. Even if starting point and

strategic bias are not present, large differences in the estimates of

consumer surplus from the two models are not that unusual. Studies by

Bishop and Heberlein (1979) and Desvousges, Smith and McGiveny (1983)

using both qualitative and quantitative comparison measures for travel

cost and contingent valuation models indicate that the mean values

derived from each nonmarket technique will not necessarily be equal.

Additionally, there is no consensus in the literature as to whether one

method yields consistently higher or lower estimates than the other

method.

In summary, due to the nature of the survey questions, the

contingent valuation estimates of consumer surplus are likely severely

biased. Therefore, in consideration of policy or management decisions
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about the protection of Reelfoot Lake, more confidence should be placed

in the estimates from the travel cost model. The travel cost estimates

are likely to be less biased.
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CHAPTER VI

CONCLUSIONS

In this chapter the principal findings of this study are sum

marized. The policy implications of the study are also discussed.

Finally, the limitations of this study and suggestions for further

research are addressed.

Summary of Study Results

The travel cost method and the contingent valxiation method were

used in this study to generate estimates of the value of recreation at

Reelfoot Lake. The travel cost model yielded an estimate of total

annual constuner surplus equal to $3,721,287. Individual consumer

surplus per visit to Reelfoot Lake was equal to $17.50. The statisti

cally significant predictors of visitation rates for the model were

travel costs, income and education. The substitute site variable was

not significant. The estimate of consumer surplus from the contingent

valuation model was equal to $2.35 per individual per trip to the lake,

and the estimate of annual consumer surplus was equal to $499,715. The

significant predictors in the contingent valuation model were the number

of visits to the site and income. Both the education and substitute

site variables were insignificant. While the estimates of recreation

value from the two models were quite different, this was not particu

larly surprising for two reasons. First, it is believed that the

contingent valuation estimates were severely biased due to starting

point and strategic bias. Second, other studies (Bishop and Heberlein
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1979; Desvousges, Smith and McGiveny, 1983) have indicated that esti

mates from both techniques will not necessarily be equal. Finally, the

travel costs estimates are considered less biased than the contingent

valuation estimates and are the ones on which the policy implications of

this study are based.

Policy Implications of This Study

Having an estimate of the annual recreational benefits for

Reelfoot Lake allows the researcher to gain a perspective on the cost of

reductions in the quantity or quality of future recreational activity

at the Ifike, and thus the justification for efforts to reduce the

sedimentation and nonpoint pollution of the lake. A scenario of how

this information can be used is outlined below.

Though there is a divergence in opinions about how quickly the

lake is filling up, it is not unreasonable to suppose that the lake

might be rendered useless in 200 years at the present rate of sedimenta

tion. In fact, the most recent projection, based on sedimentation rates

for the 1954-1983 period, suggests the depth of one of the major basins

at the lake would be reduced to two feet or less within 200 years

(Mclntyre and McHenry, 1984). If the annual cost of lost recreational

benefits due to erosion were discounted over a period of time that could

be considered a realistic planning horizon, then the present value of

the costs associated with the sediment entering the lake would be known.

These calculations are presented below for an example. The figures used

to compute the present value of sedimentation costs are reasonable cuid

the best available to the researcher. Two discount rates are used in
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the calculations below, 5 and 10 percent. While the scenario below must

be viewed as more of an illustration than a definitive analysis, it

demonstrates the potential usefulness of an estimate of recreational

benefits for Reelfoot Lake. This kind of information can help policy

makers plan for the cost effective protection of Reelfoot Lake.

Discounting the annual cost of erosion of $18,606 (the estimated

annual benefits from the travel cost model, $3,721,287, divided by the

expected 200-year life of the lake) at 10 percent for 50 years yields a

present value of $184,475 associated with the average yearly amount of

sediment entering the lake. This figure is interpreted as follows: one

year's sedimentation results in a cost of $18,606 per year in lost

recreational opportunities, and the total present value of these lost

opportunities when discounted over a 50-year planning horizon is equal

to $184,475. The Rural Clean Water Project Program established in 1980

a goal of reducing erosion rates to five tons per acre per year on 80

percent of the 34,388 acres in the watershed that exceed this rate.

Under the assiimption that reducing sedimentation to five tons per acre

on 27,510 acres (i.e., 34,388 * .8) would prolong the life of Reelfoot

Lake indefinitely, then a cost of $6.70 (the present value of lost

recreational opportunities $184,475 divided by the 27,510 acres respons

ible for the sedimentation of the lake) per acre per year exceeding the

five ton per acre goal exists. Alternatively stated, federal state or

local agencies would be justified in spending up to $6.70 per acre for

soil erosion abatement on the land eroding at greater than five tons per

acre per year. The figure would be $12.34 if a 5 percent discount rate

were used.
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Limitations of the Study and Suggestions for Future Research

This study was limited in several ways. First, the survey from

which the data for the contingent valuation and travel cost models was

taken was less than ideal, having been developed by other researchers

for slightly different purposes. As mentioned previously, it is sus

pected that the consianer surplus estimates from the contingent valuation

model are severely biased. Second, due to the poor design of the water

quality question in the survey, it was necessary to delete this variable

from the final demand equation for the travel cost model. Obviously,

information concerning water quality and recreational participation

would be useful to policymakers in evaliiation of programs to protect the

lake. Third, the substitute site variable was not significant in, the

travel cost or the contingent valuation model. Two potential reasons

for this lack of significance were presented in Chapter V. If Reelfoot

Lake is, in fact, a unique site for which no substitute site exists,

then there should be no bias in the estimates of consumer surplus from

the substitute site variable. If, however, the variable was misspeci-

fied, then the consumer surplus estimates may be biased.

Further research in the area of nonmarket valuation should stem

from its present limitations. For Reelfoot Lake future research could

address the proper construction of a contingent valuation survey.

Perhaps the results from such a survey could be compared with those of

the travel cost model in this study. Additionally, more work is needed

in the area of accurately linking water quality with recreational

participation at Reelfoot Lake. Finally, more research is needed in the
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area of correctly specifying a variable that will accurately reflect

substitute sites in both the travel cost and contingent valuation

models.
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