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ABSTRACT

The objective of this project is to develop economic models of how
individuals use the Albemarle-Pamlico Sounds for recreational fishing. In the
process, we sought to describe demands for marine fishing. These models would
be used to evaluate one aspect of the benefits people would realize from
improvements in the gquality of these resources., Management policies directed
to reducing the effluent loading entering the sounds could then be evaluated.

Research supported by this preoject has proccieded in four stages. TFirst,
the principal investigators prepared a review of the economic models currently

available to describe the demand for comparable types of marine recreational

L]

ighing and the walues of improvements in its quality (see Smith and Palmguist,
1988). Based on this review, it was concluded that the availsble research was

quite limited, =s=pecific to the areas studied, and not easily transferred to the
situation in North Careclina.

The second step in the research invelved developing a data base that
included a complete description of a sample of users’ recreational fishing
decisions in the area, their potential opportunities for fishing, and measures
of the guality of the resources inveolved. This work involved enhancing an
intercept survey collected for the area by the North Carclina Sea Grant Program
during 1981 and 1982 to include measures of site quality and the distances to
all other marine recreation =zites in the area.

The third aspect of the resesrch required development of a model of
recreational decisions relevant to the specific circumstances in the region.
Bas=d on the earlier review, a2 model was structured and described at a publie
meeting involving input of Sea Grant personnel, representatives of recreational
fishing greoups, staff from the state, and other economists and social

scientists knowledgesble about the area. This was completed in January 1988.
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The last component of the work has Involved estimating and evaluating
demand models based on the enhanced data base. This work has found that the
recreationa’ fishing for the area involves primarily residents of coastzl or
nearby counties. Demand models have been successfully estimated for two broad
usage areas--the Pamlico and Cuter Banks regions. These models include the
average catch rates for all boat fishermen using specific entry points as a
measure of the quality of area of the estuary for fishing., Based on these
estimares, our preliminary findings suggest that & 25 percent increase in the
catch rate would increase the value to a fisherman of a typleal fishing trip te
each area by between $10 and 571 In 1581 dollars.

Moreover, related work with these same data speonsered by the Forth
Carolina Sea Grant has been influenced by our early findings. This subsequent
research has used several alternative frameworks and indicates that the benefit
estimates derived for improvements in fishing quzlity may be quite sensitive to
the modeling frameworks and assumptions used to develop them. The primary
distinction between these new models and the work undertaken In this preject is
an alteration in the assumed perspective from which pecple make their
decisions. The new models assume recreationists consider each trip
individually and have a local crientation in their fishing decisions. The work
remains preliminary but offers the prospect of gauging how specific
improvements at Iindividual locations along the cozst might influence the
patterns of use of these areas and the benefits derived by the recreationists

involved.
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EXECUTIVE SUMMARY

This research was developed to estimate the benefits to recreational

fishermen from improved fishing quality that might arise from managing the

Albemarle-Pamlico Estuary to meet the goals of the National Estuary FProgram.

The Albemarle-Pamlico Estuarine Study is part of the National Estuary Program

suthorized under the Water Quality Act of 1987, This legislation identifies

the goals of the National Estuary Program to be:

Among the

Programs,

", ..the attainment or maintenance of water quality in an
estuary which assures protection of public water supplies
and the protection and propagation of z balanced,
indigenous population of shellfish, fish, wildlife, and
allow recreation activities, in and on the water ,.."

seven categories identified as objectives of the MNational Estuary
two are especially relevant to research described in this report:

to develop the relationship berween the in-place loads and point and
nonpoint loadings of pollutants in the estuarine zome and the
poetentiel uses of the zone, water quality, and naturzl rescources;

and

to develop a2 gomprel ive comservation a I £ pl that
recommends priority corrective actions and compliance schedules
addressing point and nonpoint sources of pollution to restore and
maintain the chemical, physical, and biclogical integrity of the
estuary, ineluding restoration and maintenance of water quality, a
balanced indigenous population of shellfich, fish and wildlife, and
recreational activities in the estuary, and assure that the
designated uses of the estuary are protected. (emphasis added)

A management plan to preserve and enhance the quality of the sounds should

consider the wvalue of the potential enhancements that can result from policies

to restrict the introduction of effluents inteo the sounds. Recreational

fishing is one of the most important uses of the Albemarle and Pamlico Sounds,

yet fishing sectivity can be severely affected by effluents entering the sounds

from upstream and adjoining activities. The values generated by recreational
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fishing azre more difficult Co determine than the values provided by activities,
such as commercial fishing, where markets provide price information,
¥onetheless, the wvalue of recreational fishing and related activities should
have a significant role to play In the decision-maeking process governing
estuarine management.

Connecting specific policies in & management plan to measures of the
benefits they ultimately vield is a complex process. It cannot be treated in
isolation from sconomic models of how people respond to changes in the physical
and aesthetic features of an estuary and the resources it supports.

The attached figure provides an overview ¢f the process. Economic
responses to guality changes are the last component in the sequence of changes
and are identified at the bottom of the figure under the heading behavioral
effects., The full sequence begins with the management plan and its
implications for firms, households, farmers, etc. that contribute te effluent
loadings {identified at the top of the figure). Their responses to the
limitations on their activities that would be part of a plan determine how
effluent loadings will change. These changes have implications for resources
(i.e., fish populations) supported by the estuary because these loadings affect
water quality. Water quality affects the extractive (e.g., commercial and
recreational fishing, etec.) and non-extractive uses (e.g., boating, fishing,
etc.) of the area. It is these uses that contribute to the economic walue of
the estuary as well as determine the incremental wvalues generated by management
plans,

This research contributes one component to this overall scheme.

The research had four goals:

4 review and evaluate past models of the demand for marine recreational
fishing;



. evaluate the feasiblility of using existing work in a conservation and
management plan for the Albemarle-Pamlico Sounds;

. develop conceptual and corresponding preliminary empirical models of
the demand for marine recreatiomal fishing;

. estimate the benefits of improving fishing gquality in the estuary and
compare them with other estimates for similar resources.

Because our review of the existing recreation demand literature indicated
that the available studies would not meet the need for anzlyzing sport-fishing
in the Albemarle-Pamlico Sounds, we developed our own demand estimates. Using
an augmented wversion of a survey of recreational fishermen conducted in 1981
and 1982 by the North Carolina Sea Grant Program, we estimated z new version of
the travel cost demand model for composite recreation sites ldentifying the
major destinations within the estuary. Two of the three composite sites
defined using coastal launch points - the Pamlico and the Outer Banks areas -
were found to have stable, economically plausible demand estimates that
inecluded a measure of fishing quality as a positive influence to an
individuzl's demand for fishing in these areas.

The results for the Quter Banks proved to be gquite robust with respect to
the specification of the estimating equation. While most visitors to the other
Two areas came from within 200 miles of the site, the Outer Banks sites drew
visitors from much greater distances, as well as from the local ares. Because
of the prospects for differences in the demand functions or implicic
assumptions underlying the travel cost model, two separate demand funections
were considered for the Outer Banks demand meodels - one for wvisitors within
200 miles and a second using the full sample. In both cases, the coefficients
of the wariables had the expected signs and most were statistically

significant. The coefficients of travel cost, our implicit price measure, were



negative and significant as expected. The catch rate-travel cost interaction
terms were positive and significant as expected. For the Pamlicoe area the
results were similar, generally having the expected sign and significance.

The coefficient estimates were used to estimate the price elasticity of
demand for recreaztion In the Quter Banks and Pamlico areas. The price
elasticity of demand measurs the responsiveness of the quantity demanded to
changes In the price or cost of using the site. It is measured as the
percentage change in the number of wisits to the site if price increases by one
percent., In both areas, the elasticity was between zero and minus one,
implying that the demand is inelastic or somewhat less responsive to price.
More specifically, the estimates Indicate that a one percent rise in price
would result in a .53 to .66 percent reduction in the number of visits an
individual would take, depending on whether the full sample or the less-than-
200-miles sample estimate was used. For the Pamlice area, & similar
one percent rise in costs would result in a .90 percent reduction in visits.
Both sets of estimates fall within the range of estimates for this type of
recreation.

We alsc estimated the consumer surplus per trip for the typicsal
recreationist and the change in this surplus with improvements in gquality as
measured by the average catch rate. The consumer surplus describes the
difference between what the individual would be willing te pay for the trip and
what he actuzlly had to pay (in travel and opportunity costs). The estimates
for the per-trip value were large, but do fzll within the range from past
studies, especially when the restricted version of the Outer Banks model was
used, For Pamlico, the per-trip surplus was abour $100. For the restricted

Outer Banks it was approximately $140. A catch rate Improvement of 25 percent

—————— ——— ——————— | —
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would be worth sbout $71 to & figsherman on the Outer Banks using the estimate
for the full sample. For those from within 200 miles who used the Outer Banks,
the consumer surplus was about 524, and for the Pamlico it was just under 510,
On the other hand, if there was a 25 percent decrease in phosphorus loading on
the sounds, the increase in consumer surplus would be about $60 and $20 for the
Outer Banks full sample and within-200 miles sample respectively. On the
Pamlico, a similar reduction would be worth only $2.46.

The research to date has clearly established the feasibility of
quantifying the benefits from management programs for one of the important
recreational asctivities for the estuary. What remains to be done involves

extending this type of analysis to Include all of the activities enhanced

through improvements in the estuary.
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Chapter 1
Introduction and Overview
1.1 Goals
The Albemarle-Pamlico Estuarine Study is part of the Mational Estuary
Program authorized under the Water Quality Act of 1987. This legislation
identifies the gozls of the National Estuary Frogram to be:
"_,.the attainment or maintenance of water gquality in an
estuarv which assures protection of public water supplies
and the protection and propagation of a bzlanced,
indigenocus population of shellfish, fish, wildlife, and
allow recreation activities, in and on the water. .T™
To meet this broad objective, Section 317 of the Act emphasizes the need for
planning. Indeed, the cooperative agreements initiated between EPA and states
are intended to lead to the development of a comprehensive conservation and
management plan Ior each estuary because "long-term planning and management
will contribute to the continued productivity of these areas, and will maximize
their urility to the WNation."
Specifie purposes of the National Estuary Programs are Ildentified in

Section 320 of the Act. Among the seven categories identified, two are

especially relevant to research described in this report:

» to develop the relationship between the in-place loads and point and

nonpoint loadings of pollutants in the estuarine zone and the
potential uses of the zone, water gquality, and natural resources;

and

= to develop 2 comprehensive conservstion and management planp that
recommends priority corrective actions and compliance schedules
addressing point and nonpoint sources of pollution to restore and
maintain the chemical, physical, and biological integrity of the
estuary, including restoration and maintenance of water gquality, a
balanced indigencus population of shellfish, fish and wildlife, and
recreational activities in the estuary, and assure that the
designated uses of the estuary are protected. (emphasis added)




In order to achieve these objectives, substantizl ‘data collection and

111

research on the natural science features of the estuary are needed, It is
essential to understand the complex physical and biological relationships
linking inflows of effluent loadings to the effects on the estuary as a
respurce and the services it provides.

To establish priorities and a plan to meet them, we must first acknowledge

that any action to reduce effluent loadings will have costs and yield certain

o

changes in activities that affect the services and quality of the estuary.
Because theses costs and outputs will be different across the alternatives that
will comprise a conservaticn and management plan, it is important to assess the
magnitude of the benefits that will be achieved by the different policy
alternatives. 1Indeed, the Albemarle-Pamlico Estuarine Study Work Plan states
gzt the outset that: "Finding reaslistic, workable means to mediate conflicts
between human uses clearly depends upen understanding interactions between
human uses and natural systems." {(Emphasis added.) The Policy Committee for
the Study has similarly resolwved that:

The goal of the Albemarle-Pamlico Project will be to prowvide the

scientific knowledge and public awareness needed to make

Iational management decjsions so that the Albemarle-Pamlico

estuarine system can continue to supply citizens with natural
resources, recreational opportunities, and zesthetic enjoyment.
{emphzasis added)

1.2 Highlights of Findings

The purpose of this research was to estimate the benefits provided to
recreational fishermen by mansging the Albemarle-Pamlico estuary (APES) in
order to enhance fishing quality, More specifically, we propesed four goals,

To:

ra
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» review and evaluate past models of the demand for marine
recreational fishing;

» gvaluzte the feasibility of using existing work in a
conservation and management plan for the Albemarle-Pamlico

Sounds;

+« develop conceptual and corresponding preliminary empirical
models of the demand for marine recreational fishing;

« estimate the benefits of improving fishing guality in the
estuary and compare them with other estimates for similar
resources.

Because our review of the existing recreation demand literature indicated
that the available studies would not meet the need for analyzing sport-fishing
in the Albemarle-Pamlice Spounds, we developed our own demand estimates. Using
an augmented version of ‘a survey of recreational fishermen conducted in 1981
and 1982 by the North Carclina Sea Grant Program, we estimated & new version of
the travel cost demand model for composite recrestion sites identifiving the
major destinations within the estuary. Two of the three sites - the Pamlico
and the Outer Banks areas - were found to have stable, economically plausible
demand estimates that include a measure of fishing gquality as a positive
influence to an individual's demand for fishing in these areas.

To illustrate the use of these models, we estimated the increase in wvalue
that an individuzl would place on a typical fishing trip if the availabilicy of
fish improved by 25 percent. Because this gquality measure for fishing wvaries
within each area, the benefits an individual would realize depends on where the
improvements occur. Figure 1.1 displays a subset of our estimates of the per-
trip benefit a typical fisherman would realize on a map of the area. Based on
our final demand models, these estimates range from 52.00 to $38.00 for most of
the launch arsas in the Outer Banks destination z=d 52.00 to $14.00 for the

Pamlico entry points. These are measured in 1981 dollars. These differences



« review and evaluate past models of the demand for marine
recreational fishing;

+ evaluate the feasibility of using existing work in a
conservation and management plan for the Albemarle-Pamlico

Sounds;

» develop conceptual and corresponding preliminary empiriecal
models of the demand for marine recreational fishing;

« estimate the benefits of improving fishing quality in the
estuary and compare them with other estimates for similar
resourcas.

Because our review of the existing recreation demand literature indicated

that the available studies would not meet the need for analvzing sport-fishing

J_.-

in the Albemarle-Pamlico Sounds, we develeoped our own demand estimates. Using
an augmented version of a survey of recreational fishermen conducted in 1981
and 1982 by the North Carolina Sea Grant Program, we estimated a new version of
the travel cost demand model for composite recreation sites identifying the
major destinations within the estuary. Two of the three sites - the Pamlico
end the Outer Banks areas - were found to have stable, economically plausible
demand estimates that include a measure of fishing quality as a positive
influence to an individual's demand for fishing in these areas.

To illustrate the use of these models, we estimated the increase in value
that an individual would place on a typlical fishing trip if the availability of
fish improved by 25 percent. Because this gquality measure for fishing wvaries
within each area, the benefits an individual would rezlize depends on where the
improvements oceur, Figure 1.1 displays a subset of our estimates of the per-
trip benefit & tvpical fisherman would realize on a map of the area. Based on
our final demand models, these estimates range from 52.00 to $38.00 for most of

the launch areas in the Outer Banks destination and $2.00 to 514.00 for the

Pamlico entry points. These are measured in 1981 dollars. These differences



FIGURE 1.1

Geographic Distribution of Values of a
Twenty-five Percent Improvement in Catch Rates

~d

Cuter Banks Pamlico Dollars Per Trip
1 Per Persm

Mode L Model

. . 20-30
. B 15=-20
e = 10-15

3 ] 5_1G
. - 1=-5



Lh

are primarily the result of differences in the base level of fishing guality
from which thess improvements take place. MNonethsless, by separating
recreationiscs by the three destination areas, we do reflect some of the
diversicy in the other physical characteristics, inecluding the types of fish =t
the wvarious locations within the estuary.

Overall, our research findings exceeded the coriginal goals. They have
demonstrated the feasibility of developing models thst are responsive to the
neads of a comprehensive conservation and manazgement plan, and have developed =
set of preliminary models for valuing changes in &n important segment of the
activities supported by the Albemarle-Pamlico estusry - recreaticnal fishing.
Finally, our results have been develeoped within the context of & larger program
of research that should permit us to evaluate hew sensitive these estimates are
to the modeling assumptions implicit in their development, and thereby to
ultimately propose & "best" estimating framework for measuring the aggregate

benefits from zlternztive management policies.

1.3 7 iew of the Tt

As with most other types of recreation, marine recreational fishing is an
activity that takes place outside conventionzl economic markets. One of the
most important impliecations of this feature of mest reecreational activities is
that the information a market provides on peoples’' wvalues of the goods or
services exchanged is not available. This implies that analysts must determine
the willingness to pay of the recreationists for the activity indirectly.
Recreationists do face various costs such as travel and time costs to reach the
recreation site, as well as launch fees or rental fees for boats. There are a

nurber of economic techniques that utilize Information on such costs to



LT

determine the value recreationists implicitly place on the site they select for
specific recreational activities,

The wvarious methods that have been used are reviewed in Chapter 2. While
there are many differences in the details of the applications, the techniques
can be roughly separated into three groups: travel cost models, hedonic travel
cost models, and random utility travel cost models. Travel cost models
ectimate the demand for a site using travel costs 25 2 measure of the implicit
price of the site. Hedonic travel cost studies assume that recreationists have
demands for the various features of recreation sites that contribute to their
quelity and attempt to determine the underlying demands for each of these
characteristics. Finally, random utility models use a probabilistiec framework
to explain & recreationist's choice of a particular site from zmong a number of
possible sites. When the interest is in measuring the value of site quality
rather than the site itself, each of these metheds is generally more cemplex.

While there have been nmumsrous studies of the value of other types of
recreational actiwvities, only a limited number previously have attempted to
measure the economic wvalue of marine recreational fishing. Chapter 3 reviews
the studies that have been dene for the types of marine recreational fishing
found on the Albemarle and Pamlico Sounds. Most of this work is gquite recent
and has utilized one of three modeling frameworks: the travel cost method, the
random utility model, or the contingent valuation or survey framework. Chapter
3 describes why it would be difficult or impossible to transfer the results
from other locations to the North Carolina sounds. Moreover, it also discusses
other limitations with these other studies. One of the most important of these

shortcomings arises because few have successfully isolated the effects of site

quality on recreationists' demands for fishing.



Our study used data from a number of scurces. The most impertant of these
is an intercept survey of boat and bank fishermen on the Albemarle and Pamlico
Sounds that was conducted by North Carolina Sea Grant during the 1981 and 1982
seasons, This survey collected information on the respondent, the party, the
equipment, and the catch, a5 well as the number of other trips made in the
previous year. The survey provided an unusual opportunity because the amount
and variety of information collected far exceeds that of other survevs
available for this area. Even so, the survey had to be supplemented with a
number of other types of data. The distances traveled from each county of
origin to all of the identified entry points into the sounds were measursd from
highway maps. Estimates of each respondent's wage rate in 1981 were developed
based on s hedonic wage model relating hourly wage rates to job and individual
charazcteristics. Using this information from the survey responsess, a predicted
wage was assigned and then used in wvaluing the travel-time costs for each
individual. Informatien on motor wvehicle operating costs were also used in
deriving travel costs. The average catch rates were calculated for each
launching point iderntified in the survey. Finally, pollution discharge levels
for biochemical oxygen demand, suspended solids, nitrogen, phosphorous, and
waste-water were obtained from NOAA. Point source, nonpoint sources, and
upstream loadings wsre available. A detailed concordance linking the launch
proints and adjoining areas to the locations relevant for each set of effluent
loadings was prepared so the twe data files could be merged.

Our analysis develops a new version of the travel cost recreation demand
model. Because of the significant differences in the physical and biclogical
nature of the Albemarle and Pamlico Sounds, each is treated as a distinet set

of destinations. Further, differences in the character of the Outer Banks



sites also warranted separate treatment. Thus, our demand modeling identifies
three major destinations: Outer Banks, Pamlico, and Albemarle within these
areas. As a result of differences in these entry points and their
characteriscics, fishing quality differs across individuals using the same
overall destination or composite site. Our conceptual analysis of the
implications of the treatment of quality in recreation demand models
demenstrates that there are at least three theoretical models that can be used
to generate our estimating model. In each case, site quality (as measured by
the average catch rate for the site) interacts with travel costs to affect the
number of fishing trips made. In addition, the travel costs to the substitute
areas as well as various sociceconomic characteristics of the individu=zls
invelved play a significant role in the choleces made. Both ordinary least
squares and maximum likelihood estimators were used. The latter zllows for the
truncation in the measure of use arising from the use of a2 site intercept
survey.

The results for the Outer Banks proved to be guite robust with respect to
the specification of the estimating equation. While most visitors to the other
two areas came from within 200 miles of the site, the Outer Banks sites drew
visitors from much greater distances, as well as from the local area. Because
of the prospects for differences in the demand functionms or implicit
assumptions underlying the travel cost model, two separate demand functions
were considered for the Outer Banks demand meodels - one for wisitors within 200
miles and & second using the full sample. In both cases, the coefficients of
the wvariables had the expected signs and most were statistically significant,
The coefficients of travel cost, our implicit price measure, were negative and

significant as expected. The catch rate-travel cost interaction terms were



positive and significant as expected, For the Pamlieco area the results were

similar, generally having the expected sign and significance. The only area

wherz the results were not successful was the Albemarle destination where the
models were unstable and largely noninformative.

The coefficient estimates were used to estimate the price elasticity of
demand for recreastion in the Quter Banks and Pamlico areas. The price
elasticitcy of demand measures the responsiveness of the gquantity demanded to
changes in the implicit price or cost of using ths site. It is messured as the
percentage change in the number of wisits to the site if price (travel cost)
increases by one percent. In both areas, the elasticity was between zero and
minus one, implying that the demand is inelastic or somewhat less responsive to
price. More specifically, the estimates indicate that a one percent rise in
price would resulr in a .33 to .66 percent reduction in the number of visits an
individual would take, depending on whether the full sample or the less-than-
200-miles =sample estimate was used. For the Pamlico area, a similar one
percent rise in travel costs would result in a .90 percent reduction in visits.
Both sets of estimates fall within the range of estimates for this type of
recreation.

We also estimated the consumer surplus per trip for the typieczal
recreationist and the change in this surplus with Improvements in quality, The
consumer surplus describes the difference between what the individual would be
willing to pay for the trip and what he actually had to pay (in travel and
opportunity costs). The estimates for the per-trip value were large, but do
fall within the range from past studies, especially when the restricted wversion
of the Quter Banks model was used. For Pamlico, the per-trip surplus was about

$100. For the restricted Outer Banks model, it was approximate.y $140.
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As we summarized at the outset, we also used the models to estimate the
values of improvementcs in the qualities of the Sounds. If catch rate could be
increased by 25 percent by reducing envirommental degradation, this would be
worth about $71 to & fisherman on the Outer Banks using the estimate for the
full sample which included pecple who traveled longer distances to use the
resource. For these from within 200 miles whe used the Outer Banks, the
consumer surplus was about $24, and for the Pamlico it was just under $10. On
the other hand, if there was & 25 percent decrease in phosphorus loading on the
sounds, the increase in consumer surplus would be about $60 and $20 for the
Outer Banks full sample and within-200 miles sample respectively. On the
Pamlico, a similar reduction would be worth only 52.46,

Overall the findings are encouraging. They demonstrate the feasibility of
developing the Information necessary to consider the tradeocfis inherent in a
comprehensive management plan. By offering the prospect of & flexible, site-
specific method for estimating an important component of the benefits the
public realizes from improvements in estuarine quality, we have one central
element in the support materisls needed to prioritize the actions considered in

the policy-making process.
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Chapter 2

The Theory and Implementation of
Travel Cost BRecreation Demand Methods

2.1 Introduction

This chapter describes the travel cost mndel_l It begins with the

assumption that the reader is largely unaware of this literature and seeks to
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ccomplish three tasks: (1) to describe the theoretical underpinnings for
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cst demand models; (2) to outline how that theory is adapred to meet
the special requirements imposed by the different types of data describing
how recreational resources are used; and (3} to highlight the implications of
this past research for the models we have developed to describe marine
recreational fishing in the Albemarle-Pamlico Estuary.

Because our view of sconomic modeling will affect how we describe the
microeceoncmic rationale for Hotelling's suggestion and its implementation, a
brief description of this perspective seems warranted. Applications of
microeconomic models of behavior should acknowledge that the analysts
involved will never know the true function motivating behavioral decisions or
the constraints defining the feasible choices. The people involved in making
these choices will glwavs know more sbout their goals, circumstances,
perceptions, and constraints than analysts can hope to learn through
observation or interviews. Equally important, analysts will always
incompletely observe the wvariables to be used in estimating models derived
from our characterization of decision processes.

& model is then a strategy fo- organizing what we hypothesize motivates

and constrains a particular class of decisions., Together with what has been
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observed (or in the case of contingent valuastion or behavior studies, what
has besn asked), models can be used to describe or test econcaic
relationships. This has at least two implications for the process of
evaluating applied mieroeconomic models. First, the stochastic assumptions
used to characterize an "ideal" error structure in estimating demand models
should be regarded as a set of standards for the adequacy of the model and
not as separate Influences te the cbservable measures of demand.

Second, and perhaps most relevant to current developments in recreation
demand modeling, deriving the demand function as a direct analytical
realization of an optimizing model for an individual's recreational choices
is not necessarily a superior description of those choices. It is one
strategy. #4As with any alternative strategy, its relative merits remain to be
established.

Section 2.2 describes the theoretical rationale for the travel cost
method using Becker's [1965] household preduction framework to organize the
discussion. In Section 2.3, the methods used to implement the model are
described, including the type of data and form of the model - conventional
demand, random urility, and hedonic travel cost. The last section summarizes

the chapter.

2.2 Modeling Recreation Decisions

The most important reason for using a household production framework to
describe an iIndividual's recreation decisions arises from the need to
consistently represent the commection between the demands for recreational
activities (such as skiing, boating, or fishing) and the demands for the

recreation sites that support them. For the most part, the framework has
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largely served to help analysts in explaining the model and the implications
of limitations arising from its empirical implementation for what could be
said about behawvior.

The bagsic model maintains that an individual's utility is derived from
consuming services that are produced by that person (or his household)
combining time, market-purchased commodities, and environmental resources.
Because it has been largely used as a pedagogic framework in raersation
models, the issue of measuring service flows has not been considersd in any
detail. We will argue below that this may change.

We can illustrate most of the key issues with the model with a simplified
analytical structure., First, the utility function is specified in cerms of
the household-produced service flows, designated here with §'s in eguation

LY. S designates a vector of non-recreation servics flows and s_

designates the recreation service flow.

Ur=TeE; 8.0 (1)

Any one of these service flows, say §,, is produced by combining market-

K’
purchased inputs, environmental resources, and household time. To keep our
iscussion simple, we assume there is only one recrestion service, Sr‘ For
recreational activities, the environmental resources are the services
provided by recreation sites. The househeld production function for Sr
distinguishes a market-purchased good, Kr (again & simplification); time at a
recreation site per wvisit, ti (where i designates the site and Z the specific

rip to site 1i); and wvisits te a site, vi, as contributing inputs in equatien

(2).
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These models generally specify the production processes for nonrecreation
services in simple terms, as they are usually a small part of the analysis.
The balance of the model can be given by the budget and time constraints

given in (3a) and (3b).

e
wt . + I =PX¥X +EPX, (3a)
W o r lejj
D D Vv, K
t=t +IZV,t +% e, +Z¢t (3b)
¥ BE Ly e Ty

Equation (4) combines them into one form for the budget constraint. & simple
substitution of (3b) into (3a) for tw would imply that all time was
implicitly "priced" at the wage rate. So our development of (4) recognizes a
1ink between full income, y, and the allocation of resources between market
commodities, trip, and time, but also for wvarying opportunity costs of time
determined gutside the model. Monetary income is wage {Wtw} plus nonwage (1)
income. It is spent on the one good (or composite of goods) used in

recreation (er and those not used in producing recreation services (X

g+ 3 =L

to C}, with Pr and Pj (j = 1 to C) the respective prices. A trip to a
recreation site involves the vehicle-related costs of travel (c dollars per
mile traveled, dk) and the opportunity cost of travel time, with this type of
time designated as £, - We assume here that this cost is fixed at r dellars
per unit of time. A fixed entry fee could be included but is not at this
stage. Notiece thar this formulation assumes that on-site time per trip and

the time spent in producing noenrecreation services have the same opportunicy
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¢ost, which is the wage rate. We will return to this assumption and relax it

Equation (4) indicates that monetary income, wt + I, and time are

g

allocated to market goods and travel expenditures, and time involvement in
other activities, but that these decisions implicitly allocate full income, ¥
- %t + I, where t is the total time that would be available for work. The

right side cof the equatien is different from what Becker's [19653] early

description would be, because we have allowed the opportunity costs of
¥
some tvpes of time to differ from the wage rate. PrKr + T P,X, repcesent

=1
D
monetary expenditures for goods and serwvices. = cdk? is also s monetary
k=1
D Ve w |
expenditure, while Z V. + wEL + w Z t, are lmplicit monetarv
Bk £ : i <
k=1 f=1 j=1 -

allocations because an individual forgoes wit - ij to use his time in this

way .
) C
y=wt+I=PX + ZP.X. +
L ¥ j_l_]
(4)
D ?k " K
E [fe +re iV, + wEt,] +wit,
A j=1 9

Equations (2) and (4) provide the central elements in the household
production framework's explanation of alternative travel cost demand models.
Activities in this model are the services that are produced by households,
while the services of a recreation site serve as an input to those production
activicies. Thus, the travel cost demand model as originally envisioned by
Hotelling [1947] is & demand for the services of a recreation site. It is a

derived demand arising becazuse individuals engsge in recreation at the site.

But this is not the end of the theory underlying the models. Much more of
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the trawvel cost model's story can be developed by examining the elements in a
typical production function, as well as the specification fer the other

constraints,

E. The Role of Time Horizon

Consider first the arguments of the recreational services production
function given In (2). The first implication of this specification is that
the time horizon assumed for this individusl's decision making must be long
enough that a specification of multiple visits to wvarious sites would be
possible. Thus the model would apply to descriptions of the seasonal demand
for a recrestion site. t treats the individual's decisions as if they were
planned at the outset of the season and coordinated among the various
recreation sites that are selected. In most applications of the model,
analysts attempt to hold the time on site per visit constant. By focusing on
weekend trips or analyzing demand for each trip length separately, this
reduces the number of time arguments that are specified to enter the
household production function. Only one on-site time Input is then required
for each site’'s wvisits.

By distinguishing the count of visits from the time on-site, the
production process acknowledges the possibility that 2 five-day wisit is not
the same as five one-day visits in their respective contributions to the
recreational activities involved. A judgment about whether this
specification is reasonable depends on the nature of the activities and the
time horizon for decision making. For example, if one were to consider the

implications of each type of assumption for the case of wildermess hikes,

then a one-week trek into the Spanish Peaks area or the Adirondacks is not



the same as Iive one-day trips. The areas one can gain access to, the mix of
gctivities undertaken on site, and a variety of other factors are clearly
influenced by the ability to take longer trips.

This distinction has direct relevance to current recrestion demand
models. Fer example, Wilman's [1987] simple repackaging model assumes that
this distinction is not Important and specifies the measure of site usage as
lays-on-site. In terms of our production function, her model would replac:
the ‘arguments describing site usage in the production function given in (2)
by the sum of gll days on site over trips [Eti, with { = site, ! = trip, and
:i, the time on site per trip).

The characterization of the time heorizon for decision making alse plays
an important role in describing the relationship between conventionzl trawvel
cost demand models and random utility models (RUM) estimated from trawvel cost
data. It also offers a way to motivate models that assume only one of the
available consumption items is selected, wversus those that allow for a subset
(but not all availsble goods) to have nonzero consumption levels. This
conclusion follows because we can generally assume that as the time horizon
is longer more decislons to use recreation sites can be treated as taking
place "instantaneously," (when in fact they actually arise at time points
within that horizon). It 1s possible to observe more than one visit to a
site as well as multiple visits to several different sites. A static utility
maximizing model will treat them as if they took place "instantaneously."
With time horizons shorter than a week - a weekend or even a single day -
then we expect that the decisions would be treated as implying corner
solutions., A person selects one of the possible recreation sites for his

visit and is then precluded from using the availsble alternatives at that



same time. Correspondingly, the decislons cannot be assumed to arise &5 a
set of small increments motivated by the first order conditions of a
continuous model that assumes interior selutions.

This formulation also provides some insight into what substitution
between recreation sites means in the context of a travel cost demand model.
When the time horizon is specified so that the individual is assumed to make
recreational decisions for a season, then ths selection of one site for
recreation does not preclude consumption of wvisits to another sice. It is
important to recognize tha® at this general level the model doesn't offer
specific testable hypotheses on the role of substitutes. Only a few fairly
general cbservations can be made. First, indexes of attractiveness of a site
or broad summary indicators that arbitrarily characterize how other
recreztion sites influence an individual's (or group of individuals') use of
& site sre inconsistent with the household production I[rameworl.

Within an economic framework, we would expect that some measure of the
prices for gaining access to substitute sites would enter any particular
site's derived demand equation. To characterize available substitutes with
an aggregate gquantity index would not remove the requirement to use the
implicit prices for gaining access to these sites. Rather, aggregation of
sites’ prices to a composite price index implies that the production function
can be characterized as having a weakly separable subfunction in those site
services. Therefore, a price index derived from that subfunction (or treated
as an approximation to it) would be the relevant measure of these
substitures' effects.

The next issue that emerges from this simple description is the

characterization of the relevant price for use of recreation site. In this



most gensral form. increases in use can involve both additisensl trips to a
site and mors time on site, We can identify a wvariety of prices that would
correspond to the unit costs of these two aspects of (or measures for) site
use. For example, the cost of a trip would include the travel and time costs
as repressented by cdk + e, in equation (&4). BRound-trip mileage (dkj times
the unit cost per mile (¢) together with the travel time required to reach =
gite {(priced at the opportunity ceost of time, r, in this formulation) would
be the relevanc price of the trip. A sepsarate asrgument in the demand
function invelving the costs of using the site would be associated with the
price of on-site time (designated as the wage rate, w, in this case). Of
course, the relevent price changes as the specification of the individual's
objective function and constraints change how the site Is used. To see this
peint, a few simple modifications te the basic model are considered next.
C. Modifications in the Simple Model

This iz not the most general characterization of either the production
function or the budget constraint. Depending upon how each is represented,
we introduce the issues that are present across the wide array of existing
applications of the travel cost methodology (see Smith and Kaoru [198%a]).

Tsble 2.1 displays the key elements of some of these alternatives and
highlights their implicaticns for the first-order conditions for the two
choice wariables of interest. While the necessary conditions do change, the
specific testable hypotheses are more limited. To illustrate this point,
consider the first row of the table with the simplest type of model that must
be used to motivate a travel cost framework (see McConnell [1985] for an

example). It simply adapts the conventional model of choice to fit
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recreation decizions by altering the definitions used to describe the
measures for the amounts of a site's services and individuasl demands, as well
as in how these services are priced. As the quote iIn note 1 suggests,
Hotelling's suggestion called for using the aggregate of trips taken to a
site from each origin zone with each zone's wvehicle-related travel costs. In
the next section, the issues associated with implementing the model are
developed, and the relationship between aggregate and micro-data will be
discussed. For now what is important is that use is measured by homogenous
trips and the price is the travel cost (round-trip) to get there.

In this case, visits are specified te enter the utilitcy funetion
directly. The price is treated as an exogenous parameter. As We compare
this formulation to thoze in the other rows, the form of the estimated travel
cost demand model has different arguments (i.e. the variables specified as
exogenous to choice are different). The dependent warizble used to measure
use of the recreation site zlso changes in some cases. Nonetheless, few of
these alterations would admit testable hypotheses with the data sets
currently available for modeling recreation demand. Instead, they prowvide a
menu of the issues that are generally addressed in attempting to adapt a
general description of the choice process to conform to the actual
information available about recreation decisions for implementing that model.

For example, to implement the model Implied by (1), (2), and (&) would
reguire separste information on the length of time spent during each trip to
each site during the individual's planning horizon. Of course, estimation of
the demand for any one site would not use all of this information under this
specification because it assumed the opportunity cost of all time (regardless

of when or where the trip would be taken) was equal to the wage rate. A



further interesting implication of this specification for the constraint is
that there is no distinction between the time spent on site in wvarlous trips.
It is equally scarce, as far as the model is concerned. This conclusion
follows from the characterization of the time available for recreation
offered in the budget constraint. Of course we could change this., If we
were to allow different prices for time spent on-site in different trips,
then each of these prices would reflect the relative scarcities of each tvpe
of time, This formulation would offer the motivation for substitution among
the different types of trips. Because trips would all cost the same in terms
of wvehicle-relzted costs, the mix of types of trip would depend on their
relative contributions to recreatiocnal activity reflecting the different
opportunity costs of time.

In contrast, the third row assumes all trips to a given site are of
constant length. This reduces the number of arguments in the household
production functien. It also restricts the types of adjustments an individual
can make in planning his recreation trips and makes the conventional
definition of the unit costs of a trip, as well as the time on site,
endogenous wvariasbles. This result follows because each is related to the
optimal decisions of the other component of site usage.2

Wilman's [198B8] simple repackaging model in the fourth row treats all
uses of a site (visits wversus time per wisit) as equivalent. This model
would depart from conventional practice, which routinely assumes that trips
of constant length are a relevant measure of site usage. The same cannot be
assumed with & composite unit of site usage because the trip imposes a fixed
cost that can be spread across the days spent on site for that visit. Thus

the price per unit of use will not be & constant.



The remzining three rows of Table 2.1 identify issues that have been
raised as important to the implementation of the model. Consider the model
described in the last row first. This formulation offers one approach fer
relaxing the assumption that the market wage 1s the relevant opportunity cost
of travel time. It also provides a theoreticzal rationale for the Cesario-
Enetsch argument that the opportunity cost of time can be treated as a fixed
multiple of the wage. This analytical description illustrates why their
approach should be considered an approximation. Yet it also indicates why we
might expect problems in implementing this approach. The multiple will wvary
depending on the diversity of conditions facing indiwviduals. Thus, this
formulation provides some iInsight into why the MeConnell-Strand [1981]
adaptation of Cesarioc and Knetsch's approach for treating travel time has
failed in some adaptations.

By adapting the literature on labor supply, Bockstael, Strand and
Hanemann [1988] propose a more constructive approach. They argue that
because different individuals will face different constraints on their
ability to adjust their working time, we should first determine the nature of
an individual’s time constraints and reflect the effects of flexibility in
working time on the opportunity cost of time.

The fifth row raises a new question for travel cost demand models.ﬁ
Because individuals may produce multiple activities in a single trip to a
recreation site (e.g. boating, fishing, and swimming), it is not sufficient
to focus on their implicit prices and sbility to pay to adequately describe
differences in the demands for a site across people. This specification
vould imply, at least in prineciple, that we should iInclude information about

what they do on site.



Some descriptions of the travel cost framework have distinguished the
trip as one commodity and the wvisit as ano:her.5 In these cases, it is then
argued that the Hotelling [1947] suggestion amounts to assuming weak
complementarity between trips (viewed as the process of transporting omneself
to the site) and wvisits. This distinction becomes more important for
situations where the wvisit is not the exclusive purpose of the trip (for
example, the case of a vacation in which & recreationist visits several
national parks in the same wiecinity). It may alseo be important when the trip
involves other nonrecreation-related cbjectives. Both cases Introduce the
equivalent of a cost allocation issue, That is, the cost of the trip must be
sgllocated among the objectives. Of course, even in these cases, it is
possible to identify the cost allocation questions raised by this
characterization without using the weak complementarity argument te describe
the travel cost model. We need only reformulate the household production
model. Row £ of Table 2.1 illustrates how this would be done for the case of
multiple destination models. Multiple-destination trips may pose especially
important problems for unique recreation sites that attract visitors from a
national market, each with quite distinctive wvacation itineraries.

In contrast to the joint production row, which treats s trip to a
specific site as a type of public input contributing to several recreational
activities simultaneously, the multiple destination model (Haspel and Johnson
[1982]) raises questions with the price measure because it assumes that
recreationists may well visit multiple sites or accomplish other objectives
for some types of trips. Joint production on site (given inm row g of the

table) does not imply we would incorrectly measure the site’'s unit cost, only

,I"_'-.



that we might miss explanations for the demsnd wvariations we observe across

people.

D. Intreducing Site Characteristics

&n important source of refinement in the travel cost models, and perhaps
the primary focus of most of the current work extending the methodology,
involves attempis to model the reasons why the demands for recreation sites
are different. This is described analytically in the household production
model by the fact that wvisits and time on-site per visit enter as distinctive
inputs for each site. In prineciple this allows the marginal products of each
type of site’'s services to contribute differently to the production of
constant quality recreation services. Of course, the only empirical
realization of the differences would he the distinetiens in the derived
demands for each site, 1In this form, we do not know what gives rise to the
differences,

To the extent we can identify and measure features of recreation sites
that are important to the recreational activities "produced" at a site, then
there are opportunities for enhancing the model and "explaining” some of the
reasons the same individual may have a different demand function for two
different recreation sites.

An equally important motivation for such an extension arises because some
of the features may be subject te change through management policies. In
developing the role of site characteristics in travel cost medels, it is
useful to distinguish two types of attributes: the physical characteristics
of the recreation site, and the physical and aesthetic characteristics of the

services a site provides. While the modeling issues associated with the role
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of each type of attribute in describing individuals' demands will be
comparable, the issues associated with implementing models for measuring each
type will be different. Equally important, any uses of the demand meodels to
address management issues will be different for these two types of features.

Examples of physical measures of the characteristics of a recreation site
would ineclude: water quality; stock of game or fish; number of campsites and
boat ramps, size, scenery, ete. These are specific physical attributes that
contribuce teo what might be deseribed as the qualicy of the site. Because
quality will depend on how a site is used, most of the discussion in the
applied literature has focused on these types of specific measures rather
tharn seme generalized index of guality. Examples of the second type of
attributes would include congestion and litter. They are more related to the
number of users in a site during & specifiec time.

Four imporiant issues do arise in defining the role of & site's
characteristics in travel cost models. First, the household production
function can ofier specific guidance as to how attributes should be
introduced. It can also provide a means for judging the consequences of
alternative specifications. The most direct of these relates to the so
called varying parameter model (see Russell-Vaughan [1982] and Smith-
Desvousges [1986]). Desvousges and Smith have argued that when the analyst
assumes the site demand parameters are functions of only that specific site's
characteristics, this iIs equivalent (for the case of single recreation
service models) to assuming the household production technology is
represented with an augmentation function adjusting the contribution of a

; 2 7 G J \ 7
site’'s services based on its characteristics, as in equation (5).



s =Ff (X, h(s) V) (5)
E J
where: Ej = vector of site characteristiecs at site j
V., = wisits to site ]
J

The implicstion of this formulation is that individuals consider the
effective cost (i.e., travel cost relative to hj (Ej)} in making recreation
site decisions; select one site based on it being the least costly means of
obtaining the largest amount of these constant gquality units; and pever use
other sites. In such a formulation, we would not expect to find substitute
sites' prices or attributes in & site demand functiom.

The second issue arises with characteristics of & site's services. As we
noted, the features assoclated with a site's services are largely the results
of the aggregate patterns of use for a site during the period and involwve
measures of congestion relevant te the activities supported by the site. To
adegquately include them we must know how congestion aifects the services
relevant to each recreational activity. For snow skiing the relevant measure
may be waiting time for lifts, while for wilderness hiking congestion may
have no relationship to conventional time-related measures. Instead,
congestion measures are usually based on the number and times of disruptions
to solitude (encounters with cother partias},s

In both examples, the guestion relevant to the demand medsl is how does
& person know these attributes. In some cases, the characteristics of the
site in any potential wisit will not be known at the time the recreatien
decisions associated with selecting a site must be made. Thus, decisions
will be based on expectstions formed from prior experience. Modeling
decisions under uncertainty may be especially important here. (For early

recognizion of this issue, see McConnell and Duff [1976]). Of course, this is
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a question of degree. All site characteristics should be measured by what is
perceived by prospective recreationists. These perceptions are influential
to decisions. (See David [1971] and Bockstael et al. [1987] for further
discussion.) UNonetheless, so long as the physical sttributes of & site are
not markedly affected by others' use, we would expect they could be treated
as more certain in relative terms when modeling Indiwviduals' choices.

Third, to the extent models ssek to Isolate nonuse (e.g. existence)
values for a site's characteristics, then the specific attributes involved
will enter both heusehold production functions and the preference function.
At best, travel cost demand models indicate & portion of the walue generated
by such charseteristics, They do not provide information on nonuse values.
Thus, 1f one assumes that the complete use value of 2 site characteristic is
measured from that site’'s demand funetion, this implies the anslyst is
assuning weak complementarity between the site's services and the
characreristics. In a household production framework this assumption implies
that the site characteristics make no contributien to the recreation service
flow without positive levels of use of the 5ite.g

Finally, a variation on the augmentation model has been implicitly
proposed in the hedonic travel cost model by Brown and Mendelsohn [1984].
More specifically, in selecting recreation sites, the augmentation form of
the model implies that the recreationist will select the site with the lowest
effective unit cost for a homogeneocus unit of =z site's services, Define TC
as the cost of the homogeneous site that serves as a bench-mark, then the

travel cost to site j, TC,, with attributes aj must satisfy equation (86).

J

= TG (6)
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Or rearranging terms, we would expect:

1n ch = 1n (h {Ej]} + 1n TC (7)

A market mechanism might be expected to assure equality of chfh {Ej} aCTOSS
all sites. Under these conditioms, we could assume a hedonic price function
would caprure observed differences in site characteristies.

The hedonic travel cost model appeals to this basie rationazle without
having the egquivalent of a market to assure the equality of all terms such as
{6}). Thus the framework should be treated differently from conventionszl
hedonic models. It offers a new conception of the choice process involving
hetercogeneous sites - one that focuses on sites' characteriscies, but it is
not -thecreticzlly consistent with elither the conventionsl Rosen [1974)
argument for the existence of hedonic price functioms or with Desvousges and
Smith's adaptation of Lau's [1982] work for input aggregation problems.

Instead, in the Brown-Mendelsohn model an individual is assumed to
conceptualize the array of recreation site opportunities as if a cost locus
relating travel cost to site characteristics existed. Decisions to visit
recreation sites are the intermediate actions required to assure that the
marginal rate of substitution between site characteristics in consumption
equals the ratio of their implicit marginal costs. These marginal costs are
derived from the perceived total cost function for site attributes. This
should be recognized as an approximation and not a model that follows
consistently from any of the frameworks explained thus far. We return te it
further below in describing the conceptuzl ané econometrie issues iIn

implementing empirical models based on the travel cost framework.
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2.3, Implementing the Travel Cost Methodologw

To appreciate the evolution of econometric models based on the travel
cost methodology, it is especially important to recognize that the early data
for recreation demand analyses consisted of wehicle counts (or frequencies
based on entry permit infermatien) by the county of origin of the individuals
entering some sites and that was all! All the remaining information was
constructed by the analysts involved and "attached" to these visitation
r:nezr:m:-::is.1':I Hotelling's [1947] suggestion was about all that could be dome
with this type of information. Distance was typically measured from the site
to the centroid of each county. The available summary statistics describing
the sociceconomic characteristics of county residents were assumed to be
adequate descriptions of the recreationists. Visits were scaled by each
origin county's population and interpreted as & rate of use of the site for
the "representative" individual (see Cicchetti, Ficher, and Smith [1873]).
While several of these studies recognized the need to consider the time costs
of travel, the role of substitutes, the tradeoff between trips, and increased
on-site time as well as other issues, they were largely constrained to simple
models by the available information.

Some specific issues in the use of these data should be highlighted. For
the most part, travel time was computed by assuming a wvehicle speed with the
round-trip mileage estimates. In the absence of income or wage information
for recreationists, adjustments for the time costs of travel simply increased
the unit cost multiple used to scale distance_ll Substitute price terms were
added, based on knowledge of comparable recreation sites relevant to the

perceived (by the analyst) market for the site being studied.lz There was no



specific information on which sites were actually considered substitutes by

the individuals involved.

4, Svstems of Recreation Demand Models

Confusion over what was needed to consistently measure the benefits from
the intreduction of a new site or changes in the access (e.g. travel costs)
to an existing site inicially motivated the development of systems of travel
cost demand models (see Burt and Brewer [1971] and Cicchetrti, Fisher and
Smith [1976] as examples). As Hof and King [1%82] argued (see also Ward
[198B3] &and Hof and King [19823]), this complexity in the models and welfare
measurement was not necessary for estimating the consumer surplus provided by
a change in travel costs, or with added assumptions, the introductien of a
new site in an existing system.13

However, the systems approach is potentizlly interesting from another
perspective - that of defining the regional nature of recreation markets, as
well as for evaluating what actually constitutes & recreation site. For
large sites or in the context of marine recreation with distant entry peints,
this can be an important question. Comparing the demand system approach with
separate demand functions that specify which sites’ prieces will serve to
reflect the prospects for substitution is a wvery different characterization
of the regional recreation market than the strategy of pooling observations
across origin zones (or individuals for microdata) and across sites within a
prespecified region., The latter strategy imposes specific restrictions on
the relationship between the effects of price, income, and other demographic
factors for each site in the region. The form of these restrictions affects

how the variables describing the site characteristics are specifisd to enter



the model.la As & rule, these regional models must (because of their
structure) abanden prices to measure the effects of substitute sites and
instead construct generalized measures for the effects of substitutes, e.g.
attractiveness indexes. In Chapter 5 we develop an alternative way to deal
with this issue.

In general, these regional models are the product of analyst judgment
with a somewhat limited conception of what constitutes a regional recreatien
market. (See Ziemer and Musser [1979] and Loomis, Sorg, and Deonnelly [1986]

for discussion of some of the issues involved.)

B. Micro Data

Travel cost methodologies changed substantially with the increased
aveilability of micro level data. While far from ideal, these data sets
cifer more specific informztion on the characteristics of recreationists and
the recreation choices they made than was previously available with zonal
data. ©Pecause they are usually based on surveys conducted on site, there are
several preblems with their use. Of course, it should be acknowledged that
some of these issues were also present with zonal data but were not
recognized as such until after they were described in the context of
analyzing micro da:a.15

These problems usually include at least one, if not all, of the
following:

(a) Interviews conducted on site describe behavior of all those who

vigsit the site. This raises a truncacion issue (the mmber of

visits is never less than one). Depending on the sampling
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procedures used, it can also imply endogencus stratification
(Shaw [1988]).°

{(b) The records of trips are less likesly to appear as continueus
variables and may well need to be treated as count data in the
econometric analysis. Further, the actual questions used to
acquire the information may have introduced censoring (see Smith
and Desvousges [1585], Smith [1%88] and Shaw [19881).

(c) Demand models may also be subject to selection effects (Heckman
[1979]) because the probability of wvisiting the site may be
related to factors other than those explaining the level of
demands for a site,

(d) Substitute sites are usually not identified in ways consistent
with conventional damand models; a next best alternative site is
usually requested. This will generally differ across
individuals and the specific site corresponding to the next best
alternative may not be identified.

(e) The information on trip-taking decisions is usually incomplete -
relating either to decisions for the previous season or plans
for the ecurrent season, In beth cases the usage estimates are
confined to the site and generally lack detafl on the length of
each trip, its objectives, and costs.

The first three issues Imply that simple regression methods (i.e.
ordinary least squares - OLS) applied to micro data are likely to give biased
estimates. Indesd, Smith and Desvousges [1985] found substantial differences
comparing OLS estimates with those from a maximum-likelihood (ML) estimator

that incorporated the truncation at ome visit and a censoring at the top end
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of the scale of wvisits Implied by the question design. For the 22 Corps of
Engineers sites they examined, 0LS generally overestimated the magnitude of
the consumer surplus per wvisit implied by the estimated coefficients. The

differences were generally large, with OLS 3- to 8-times larger than the ML

. - . 17
estimates for the same sites.

Maximum likelihood estimators can be defined for situations involving one
or more of the first three problems with individual data. Of course, what is
needed is the prior specification of the exact model structure, including the
stochastic error. That iIs, we must specify a model to describe the

o 5 e 2 s 18 =
probability cthat individuals will bs present at the site,. For example,

suppose the demand function is given in equation (8):
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where j represents the site. Then the probability an individual will be "in

the sample® is given by
Prob (sample) = Prob {ui > —f{ii. ald (9)

& truncated MLS estimator recognizes that 1-Prob({sample) are not represented,
so the density is rescaled to reflect this omission and assure the normalized
density function has an area of unity.

In this form, the model implies that there has been a type of selection
effect. The form of the effect will differ depending on what we assume. For
example, in this case, if we assume ue follows a normal distribution and that
the same factors determine participation and the level of demand, then

we can write the conditional expectation E{vil?ibﬂ; i&} as:



E(V, |v.50; X.) = £ (X., @) + ¢ ¢ (-f./0)
o B & i i 1 (10)
¢ (£, /0)

where ¢(.) and ®#(.) correspond to the standard normal density
and distribution funcrions and ¢ is the standard deviztion for
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We simply do not observe nenvisitors. If we could (and this is the problem of

the zero wvisit rates with zonzl data), we might choose to represent this as =z

censored dependent variable (i.e. a Tokit model). This formulation allows

for the accumulation of "mass™ at the censoring value. The expected demand

; " 19
is now based on both Zzero and positive visit levels so:

E(V,[%;) = Prob (V,>0) - E (viivi}G; X0+
_ (11)
Vo= - =)
Prob (V,=0) « E {vjiivi 0; X.)
Substituting from (1l0) we have:
E{vi[xij = &(f, /o) + £ (X, a) + od(-£, /o) G

+ (1-@) {fifa} « 0

To the extent the participation decision is based on other factors in
addition to those reflected in f (.), then we have the Heckman [1979]

selection model where the probability in (9) is determined separately from

the level of demand.zﬂ Thus, if Prob (sample) is given by equation (13},

then the conditional expectation can be written as (1&):

Prob (sample) = Prob {vi >-g (211 B1) (13)

E(V,|v.50; X.) = £ (X, a) + po $(-5,/6) (%)

-
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where p = correlation of errors in the model describing
participation with that for demand

B = standard deviation of error for participation model

Heckman's method uses a two-step approach but both participants and
nonparcicipants must be observed. Without this information, as in the case
of on-site surveys, an ML estimator assuming the same factors influence both
decisions is the only alternative.

There has been rather limited experience to date with these alternatlves
because most analyses have been confined to on-site data. In other
applications the Heckman approach has been found te be sensitive to
specification of the g(.) and distributional a$Sump:ions.21 Smith [1988)
compared conventional estimates of the Marshallian consumer surplus derived
from a variety of estimators and demand specificatioms including several
different Heckman-type selection models, Tobit, truncated ML and a Poisson
regression model for count data. Based on this criteria only, the selection
of functional form was more important to the per trip consumer surplus than
the estimator, provided the estimator recognized either the missing nonusers
or trezted them in a censored model. OLS estimates for the full sample -
including both users and nonusers - implied a consumer surplus that was twice
the size of most of the other estimates.

These findings cannot be generalized. They relate to one site that
provides locs]l water-based recreation. The emphasis on local is important
because the issues giving rise to important selection effects seem more
likely to be important for national sites, what Clawson and Knetsch [1966]

described as the resource-based sites.



More Ffundamentally, these medels all suffer from a common limitation.
They "account for" problems raised by some individuals choosing not to demand
the services of a site (&t existing implicit prices). They do not offer a
model derived from a consistent theoretical explanation for this outcome. 0Of
course, as we acknowledged at the outset, this alone should not lead us to
dismiss them. The issue becomes one of how well the awvailable alternative

" = . - . . a . dd
scrategies for zpproximating behavior will perfcrm,

C. t a Specification for Demand netd

& demand function Is a reduced form expression (at the individual level)
describing how a person will respond te changes in the parameters to his
optimization decisions. Kealy and Bishop [1986] have argued that where
possible, :revel cost demand models should be derived from specified utility
functions. They illustrate the process using an analytically tractable and
quite simple specification. As we observed at the outset, given zll the
other approximations imposed on most applied microeconomic models, there is
no reason to require that demand models follow from a specific utilicy
function.

Of course, there is value in the consistency in parameter relationships
imposed by the analytical deviation of the demand funetion from a utility
function. MNonetheless, for models involving the alleocation decisions
associated with small components of a consumer’s budget, as ocutdoor
recreation is likely to be, our understanding of .he important issues to
these decisions may not be greatly enhanced by starting with a utility
function defined over a very restricted set of choice wvarisbles. More

important issues may be associated with the censtraints to an Individual's
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choices and the time horizon for them to be made. How then are the decisions
on demand model specification to be made?

Fast literature has tended to use linear, semi-log (with the log of the
dependent variasble) and double-log specifications. Most studies adopt one of
the last two cases. The Ziemer et al., [1980] comparison using Box-Cox
methods to isclate a funectional form for a travel cost demand funection
hing found that a2 semi-log model would be selected
using & Box-Cox search criteria. Moreover, the consumer surplus estimates
per person per trip for the semi-log fell in the middle of those of linear
and quadratic models. In contrast, in an earlier study (Smith [1975]) using
testing for non-nested hypotheses, Smith found that neither the semi-log or
double-log models would have been judged acceptable,.

There are important differences between these two evaluations. Ziemer et
al. [19E0] used miere data for individuals engaged in warm water fishing in
Ceorgia teo estimate a regional travel cost model. The Smith [1975] analysis
used zeonal data for a single site, the Desolation Wilderness Area in northern
California. Thus, both studies report falrly specialized findings. The
problems of selecting a functionsl form are especially difficult because of
the interaction effects of the decisions selecting a2 form and the estimators
that are used to account for special features of the data. Each type of data
problem can preclude some forms.

There are no unambiguous answers for travel cost demand models. Using
flexible specifications, examining whether the results of interest are
sensitive to the functional form selected, and treating specification tests
as crude diagnostics of inappropriate forms remain the only guidance that can

be offered based on the eurrent status of available research.



The RUM approach to describing recreation decisions offers another way of
modeling that explicitly addresses the problems posed by zero visits to some
sites., To do so it introduces four important assumptions., First, the time
horizeon is altered from the season, or a perspective that would allow
multiple trips to be selected at different sites, to a single-trip occasionm,
An individuzsl ecan then only select one recreation site for each trip
occasion. Second, the model assumes these decisions are independent across
trip occasions. Third, the model describes the extensive margin of choice
{in McFadden's [1574] terms). It assumes individusls are comparing the
utility that could be realized from all other related decisions, conditional
onn the selection of a recreation site., Thus, if we define v{.) a=s the
overall indireet utility functien corresponding to one of the
characterizations of individual behavior given earlier, it is the maximum of
& set of functions vk{_), defined conditionally on the selection of each
site. Thus, these vk‘s inelude only the implicit price (represented in

equation (13) as rk’s} of the selected site.

vi¥, Tao rE,,,.rD} = Max fvl (v, fl}. v, (¥, rz),..,vn {y, rD}] (15)

Cf course, other prices would be included. Depending on how we assumed
recreation decisions were made, y could be income or the totzl expenditures
on a component of the individual's budget,

The model seeks to describe the probability that an individual will
select any one of the available sites. This leads to the fourth assumption.

An individusl's conditional utility function is assumed to be stochastic from



the perspective of the analyst. That Is, we can continue to maeintain that
the household production framework describes beshavior and use it to specify
the conditional indirect utility function that would arise from maximizing
one of the forms of the consumer choice problem described earlier (provided
we assume the time horizon is restricted to one choice). This conditional
indirect utility function is the deterministic component of preferences. To
it we add an error that can vary by individual, recreation site, or both.

The errcor is usually described as reflecting the apalyst's failure to know

all the factors (either individuals' characteristics or sites’

o

charascteristics) that could influence the decision prncess.dE
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Site selection involves comparing these stochastic utilicy functions for

each possibility and picking the one that yields the highest utility as in

¢16a) and (166).2°

Prob{(site = k) = (Prob {vk{,} = vj{.}} J=1; D (l6a)

174

i - - - P
ith Vi (¥, rk} Lk(y.rk} + g, we have;

(16b)

Prob(site = k) = Prob (Uk‘ﬂj > € k}

J

The RUM model maintains that the ﬁk’s follow independent, identically

distributed, extreme wvalue distributions. This assumption yields s simple
form for the probzbility that any individual, i, will select site, k, as in

(17). This is simply the multinomial logit model.
okl
Prob (site. = k) = —8 —— (173
i
D
Z e si
s=1
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This simplified form is not without costs. It imposes significant
restrictions in terms of its characterization of the choice process,

Referred to as the independence of irrelevant alternatives (IIA) assumption,
this formulation implies the probabilities of choosing site k in comparison
to site n will depend exclusively on the attributes and prices of these
alternatives and not on the other available possibilities. This is easily
demonstrated from (17) by taking the ratio of the probabilities ef going to
any two sites. These will depend gnlvy eon the arguments of the conditional
utility functions for these two sites.

Because it is likely to be Implausible for most choice situations, we
again face the issue of the quality of the model as an apprﬂximation.zs To
overcome this restriction, McFadden proposed the generalized extreme wvalue
form for the errors. This amounts to an assumption that decisions take place
in a sequence. To our knowledge, the most extensive model of cthis type
developed to date is by Hanemann and Carson [1987], who have used this type
of structure in analyzing sport fishing demands. The sequence of nested
choices in their model involves, at the top level, a decision e¢f how many
trips cccur in a week, Then, given a specified number of trips, a target
fish species for the current trip is selected. Following that decisions, the
fighing site is chosen.zﬁ This structure allows some correlation between

alternatives and thereby avolds the IIA assumption. This specification leads

to probabilities of the form given by (18).

Prob (sirte, = k) = (18)

i
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where for a two-stage mesting, the function G{ )} is:

T

G=Z 2, =
s=1 keSs

L J (L -0_)
" kf{l-as =

G, = partial derivative of G with respect to k argument
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Westing adds structure to the derivation of the prcbabilities, In a two-
level nested model the probability of a site selection would involve
selection of a set of sites organized on some criteria {e.g. saltwater versus
freshwater, bank wversus boat, ete.) and then given selection of a type, a
site within that group. Thus the n's become products of probabilities with
the number of conditioning steps depending on the number of levels.

These models are estimated with maximum likelihood metheods using the
assumption of independence in individusls' decisions and, to the extent there
are multiple trips per person, independence acress trips as well., If i is
used to designate the probability an individual, i, will select site, k, then
the likelihood function is given as equation (19}.

b N tki

L= I 0 m, (19)
k=1 i=1 °*

=

= Sample Size

D Number of Sites
SLg Indicator wvariable (0 or 1) depending on whether
individual i used site k.

Because the principal connection between levels is the inclusive value,
consistent (but not efficient) estimates can be derived using a sequential
scheme, maximizing the conditional likelihood function associated with each
leg of the tree, starting at the lowest level and working up to the tree.

The inclusive value conveys the relevant information about the available
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choices for the next higher level. Defined for eqguation (18) in equation
{20}, the inclusive value is a measure of the wvalue that is potentially
derived by selecting from among the alternatives given in each leg of the

nested structure.

v, /(1-a,)
Ig = fIn e k # (20)
keS

b
The asbility to struzture the decision sequence eliminates an important
limitation of the RUM model. It does not, however, completely avoid the
issue. The nesting structure itself should be treated as a maintained
hypothesis. We impose a decision sequence to avold the one implied by the
simple RUM framework. To our knowledge no studies have evaluated the
implications of alternative structures for the description of recreation

decisions.

E. Including Site Attributes

An important aspect of the empirical issues addressed by these discrete
choice models has been the role of site characteristics for recreation
decisions. Differences in the characteristics of sites have been argued as
the explanation for the substitute price terms in travel cost models.
Because these attributes affect an individual's ability to "produce"™ certain
recreational activities, they substitute at different rates in productien.
This is reflected by the cross price terms in conventional demand models.
Moreover, this argument would imply that where site substitution effects are
important influences to observed behavior, we might expect a version of the

random utility models would be superior to the travel cost model because



these frameworks allow the analyst's description of the decision process to
take account of the full range of available alternatives.

The other possible models described in our earlier discussion of the
theory underlving the conventional travel cost demand model includs:

+ the varying parameter model

» the regional recreation demand model

» the hedonic travel costc model
4s that earlier description indicated, the first two are variations on the
basic travel cost method. The first estimates separate demand models for
individual recreation sites and uses the estimated parameters as dats for
second stage models. It hypothesizes that the parameter estimates vary
because of differences in the recreation site's characteristics. The second
pools data across sitesz and imposes a structure for the influence of site
characteristics by specifying interaction terms between the conventional
arguments (e.g. price, income, etec.) and the relevant :':'ha1'&«';1:«&1'1‘.5t:TJ::s.2}r
Table 2.2 compares the basic structure of each.

& comparison of the first and second columns indicates that the two
models can be algebralcally equivalent (by substituting the expressions for
demand parameters into the site demand model). Howewver, their applications
have been different in one important respect. Varying parameter models group
recreation sites that have facilities to suppert comparable recreation
anywhere in the United States, implicitly assuming that prefersnces are
stable (if the demand functions zre correctly speecified), Therefore they
assume that differences in demand parameters across sites supporting the same

recreation must be the result of the respective sites' attributes.



In contrast, the regional demand models restrict the pooling of site
visitation information to those within a specified region. Often they impose
the further restriction that the sites must support comparable recreational
activities. The definition of that region is a central issue in the
application of these methods.

The third alternmative to the discrete choice model (given the fourth
column of Table 2.2} is the hedonic travel cost model. As observed earlier,
the theory underlying this model uses a format comparable to the wvarying
parameter framework., However, the focus is directed to estimating the demand
for site attributes. Visits teo recreation sites are the Intermediate steps
in the acquisition of these characteristics.

Because there are no markets to define the price (travel cost) functions
hypothesized to describe how individuals perceive the recreation alternatives
aveilsble to them, this should be regarded as a msintained hypothesis. It
implies each individual would face a2 unigue price function. The anslyst
derives an estimate of how each individual perceives the marginal cost of
acquiring an additional unit of each characteristic from that price function.
For linear price functions this will be constant for an individual, but will
vary across individuals as a result of differences in their reereational
nppcrtunities.zg

The second stage in this moedel is the estimation of demand (or inverse
demand) models for each characteristic using these estimated marginal prices.
Mendelsohn [1984] has argued for inverse demand functions because the
marginal prices are random variables.

A wide wvariety of issues arise with the implementation of the hedonic

i : 29 i 2
travel cost model. Three are especially important. First, the model
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“For simplicity demand models use linear form. Selection of functional
form can be varied, Variables used in table are V, = visits to recresation site
i; TC. = cravel cost to site i, can include opporfunity cost of time (see price
assumption); ¥ = income; w = wage rate; ;= amount of attribute k at site i;
Pj = probability of wvisiting site j on any particular trip occasion.

b ; "
Models could be expanded to include other determinants; varving parameter
cannot easily include substitute prices without proposals for consideration.

c 2 5 #
This sssumption required for use of wage data.
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irplies that each individual should have & unigue price (travel cost)
function. Brown and Mendelsohn [1984] suggest that in applications
individuals can be grouped into origin zones with comparable travel costs to
each site that is identified as part of the available supply. Consequently,
this is the wzy the model has been applied. However, there is no reason to
believe the travel costs will be comparable across individuals when the costs
of travel time are included in the implicit price. We can expect the
cpportunicty cost of time will wvary across individuals. 1In most applications,
this will be an Iimportant component of trip costs. Moreover, even if time
costs are ignored, the definition of origin zones is not clear. Smith and
Kaoru [1987] found for locsl water-based recreation that while the definition
of origin zone did not appear to greatly affect the estimated demand models
for site characteristies, it was an importent influence on benefit measures
estimated from these functions.

Second, the model does not specify the decision horizon for its
description of the demands for characteristics. iz has implications for the
quantity measure for each site attribute used in demand {or inverse demand)
models. The Smith and Kaoru [1987] results indicate this factor was quite
important to the model's benefit estimates. Either a single trip or seasonal
orientation would seem possible. Of course, this decision requires that we
address an important aggregaticn Issue - how do we aggregate the crude
proxies we have for quality features of each site - erowding measures, catch
rate, technical or perception-based measures of site quality, ete?

Finally, the model does not provide a consistent linkage between the
trip-taking, time-on-site, and characteristic choice decisions. Table 2.2

provides a comparable summary of issues with each of the other three methods



=
0

for measuring the role of site characteristiecs. Because none is ideal,;
comparative evaluations of their respective performance patterns will be
important to understanding the practical significance of each method’'s
assumptions with specific types of applications. Unfortunately, these types
of evaluations are in the early stages of development.

Three recent studies are noteworthy. Bockstzel, Hanemann and Kling [1%87]
have compared two of the approaches (discrete choice versus hedonic travel
cost) for wvaluing water quality improvemenis. Their results favored a random
uctilicy model using a nested formulation. This conclusion was based on the
plausibility of their benefit estimates and the sensitivity of the estimates
to modeling decisions.

There are limits to what can be learned from comparisons with actual data
because we never know the true walues for the benefits being estimated.
Learning is limited te evaluations of the sensitivity of the conclusions to
modeling decisions. For this reason, the second set of papers.is especially
interesting as an example of an alternative strategy. Kling [1988] and Kling
and Weinberg [forthcoming] have proposed a new approach - the use of Monte
Carlo methods to simulate data comparable to the type available for
recreation demand models iIn evaluating the various modeling approaches.
Their evaluation is based on the quality of each method's benefit estimates
judged in comparison with the known true value of quality improvements.
Kling's applications are the first in a promising line of research. Using =
Stone-Geary utility function in Kling [1988] and a modified translog that
sllows for generalirzed corner solutions in Kling and Weinberg [forthcoming]
to characterize preferences and experiments where the cross-site price and

site substitution effects varied, these experiments cffer the first direct
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guidance orn how the character of the true preference structure influences
these models a5 approximations to that strueture. When the effects of cross
price and quality-based factors motivating site substitution were small,
Kling's experiments indicated a model similar to a regional demand (or the
Russell-Vaughan version of the varying parameter) model provided superior
estimates of the wvalue of gquality improvements in comparison to the simple
{logit-based) random utility framework. Both models understated the
banefits. The average errors were fairly large for both, with the RUM model
averaging 12 percent smaller estimates of the gzin than a weighted least
squares estimate of the pooled, varying parameter madel.au When substitution
is important (Kling and Weinberg) and/or the fraction of zere visits
increases, then the logit-based random utility model is clearly superior with
errers in the welfare estimates asbout 10 percent of the true walues. With
this utilicy function most models overestimate the true welfare measures.
Only the semi-log specifications using Tobit understated the true welfare
measures. This was only true in the experiment with few corner solutions.

Of course, these results are simply the beginning. More detailed
experiments will be needed to understand how each modeling strategy performs
under each set of conditions. The size of the samples will need to be
expanded and the work of Bockstael and Strand [1987] on what we would
anticipate for the wvariability in welfare measures should be used in judging
the sampling results. It will be desirable to perform experiments comparable

to what Guilkey et al. [1983] report for production functions to compare how

. .4 31
all models perform when the true and specified functional forms are varied.
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2.3 Summary

This chapter has provided an overview of the conceptual basis for the
travel cost recreation demand model, as well as the methodologies used to
implement the model in practice. One of the most important conclusions we
draw from this summary is that the data availsble in any particular example
limits in important respects which models can be applied to describe an
individual's recreation cholces, As we observed In the intreduction, the
existence of & detailed, on-site survey conducted for the 1981 and 1982
recreational fishing seasons under the auspices of the N. C. Sea Grant
Program was essential to the design of this research.

The basic medel developed for our analysis will be a medification to the
regional travel cost frameworks described earlier. Because the Sea Grant
data identify specific entry points to the Albemarle-Pamlico Sounds, it is
possible to define a composite of these entry points as the equivalent of a
single recreation site. Given the fact that these points are typically boat
ramps providing access to one of the sounds, this grouping of ramps in
geographic proximity to one another seemed quite plnusih1¢.32 Moreover, with
information on the characteristics of these entry points (and variation in
them across those points defined to constitute an aggregate site), it may be
possible to learn how wvariations in site characteristics influence demand.

Of course, it is important to acknowledge that in order to develop these
insights, we are making strong assumptions about the nature of the typical
recreationist’'s demand for these sites. Demands are implicitly restricted to
be the same (i.e., have the same true parameters) for those variables that are

not specified In terms of the site characteristics,



As we argued, this assumption can be justified as theoretically

plausible, given the nature of the activities. However, it is important to

recognize that a strategy to permit pooling observations across entry points

was also a practical requirement. There was simply not a sufficiently large

sample to allow estimation of separate demand meodels for each entry point.
We return te a description of the other potentisl alternative modeling

strategies with these data in the last chapter,
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Chapter 2

FOOTNOTES

1 Over forty years ago (In 1947), Harold Hotelling wrote a letter in
response to an inguiry from the Nstional Park Service zbout how policy-makers
might develop measures for the benefits provided by recreation sites. That
letter and subsequent applications of its suggestions by Trice and Wood [1958]
and Clawson [1953%] started a major line of research in resource and
environmentzal economics associated with travel cost recreation demand models.
Hotelling deseribed the approach as follows:

Let concentric zones be defined around each park so that
the cost of travel to the park from zll points in one of
these zones is approximately constant. The persons
entering the park in & year, or a suitable chosen sample of
them, are to be listed according to the zone from which
they came. The fact that they come means that the service
of the park is at least worth the cost, and this cost can
probably be estimated with falr accuracy....A comparison of
the cost of coming from a zone with the number of people
wvho do come from it, tepgether wicth s count of the
population of the zone, enables us to plot one point for
each zone on a demand curve for the service of the park.

By & judicious process of fitting, it should be possible to
get a good enough approximation to this demand curve to
provide, through integration, a measure of consumers’
surplus. ..

In the intervening period and especially in the last decade, an extensive
literature has developed on the issues associated with modeling recreation
demand. The travel cost method has emerged as one of the most robust and
reliable of the indirect approaches for waluing nonmarketed resources,

A number of other economists were also asked for suggestions at the time.
Apparently the Natiomal Park Service ignored Hotelling's suggestions initially.
They did not appear to play a significant role in modeling recreation demand
until the later work of Clawson [12592] Illustrated and popularized the method.

We are grateful to Yoshi Kaoru for locating these historical materials for us.

2. The demand functions for trips would have the same arguments In both cases
(assuming the opportunity costs of time) were related to the wage rate, but the
theoretical properties that could be derived to describe demand would be less
clear-cut,

3 Empirical tests of the approach using micro-data (Smith, Desvousges, and
McGivney [1983]) and more recently using zonal data (Hof and Rosenthal [1987))
have indicated widely disparate values for the scaling parameter proposed by
Cesario and Knetsch when estimated using the McConnell-Strand framework,



4. To our knowledge, David Gallagher was the first to raise this issue in
unpublished notes prepared at the University of North Carcline, Chapel Hill,

. Wilman's [1980] attempt to distinguish the commodity and scarcity wvalues
of time used this argument.

6. Smicth and Kopp [1980] proposed using the cusum of squares test teogether
with ordering the sample (from a zonal data base} by the distance of each
origin zone from the recreation site. They argued that vioclations in the
travel cost model's assumctions became more likely as the distance between the
site and the origin zone increased.

i This approach adapts a framework proposed by Lau [1982] for describing the
role of the characteristics for a material aggregate. Also, for simplicity we
have ignored decisions about on-site time.

8. These features of the experience were identified based on extensive
research on the features of wilderness recreation that were judged to be
important to recreationists by Lucas [1964] and Stankey [1972].

9. Bockstael and Kling [1988] have recently proposed a generalization to the
weak complementarity assumption between quality and a single commodity to

include several goods, as for example all water-related recreational activities
and water quality.

10. See Bockstael and MeConnell [1984] for a more detailed discussion of the

effects of the aggregation underlying zonal models for travel cost demand
models based on them.

11. For example, if d designates the round-trip distance, s the speed of
travel, c the unit (wvehicle-related) costs per mile, then travel time, T, is:

T = —
5

and the assumed opportunity costs of travel time, say 8, can be adjusted to the
multiplier for distance. Total costs of a trip, m, are then given by:

d
m=cd + 8 ==
5
e
= |g + — d
5

12. This is an important issue to be developed in more detail below. BSee

Caulkins, Bishop, and Bouwes [1985] for discussion in the two-site case of the
effects of omitting the effects of substitute sites' prices on the estimate
from travel cost demand models.



13. Of course, this does not resclve the question of which site te use. Prior
judgment must be used to select & demand function (and therefore a site) that
is assumed to be identical to what the new site would have.

14. This contrasts with the Vaughan-Russell [1982] wversion of the wvarying
parameter model because their specification derives the estimating equations
assuming all of the paramsters of the demand function are functions of site
characteristics.

15. The most important of these is what to do with origin zones with zero
wvisitors and how many of these zones should be included in the sample. This
was the motivation for the Smith-Kopp [1980)] analvsis. Most studies with zonal
data have argued for a tobit estimator. This does not resolwe the guestion of
how many to include. This gquestion is again one of the extent of the market.
16. An important limitation to the implementation of corrections fo:r
endogenous stratification is the requirement that the estimator specify how
recreationists were sampled im relationship te thelr probabilities of wisiting.
The only empirical example where such adjustments have been incorporated in the
estimates is Morey, Shaw, and Rowe [1988].

17. A semi-log model was used for the demand models. In one case the
estimates were over twenty times larger.

18. The Brown et al. [1983] proposal to aggregate micro-data to a zonal format
does not resclve this issue. See Bockstael and McConnell [1984] for a detailed
discussion of the effects of aggregation.

19. This argument was originally developed for the micrec case by Bockstael and
McConnell [1984]. Bowes and Loomis [1980] used a related argument with zonal
data to cdevelep an adjustment for heteroscedasticity.

20. This framework is analogous to the early proposals for a two-step approach
for modeling participation decisions. See Davidson, Adams, and Seneca [1966]
and Cicchetti, Seneca, and Davidson [1969] as examples. There are, however,
some important differences. In these examples, the analysis was based on
population surveys and respondents’ stated participation in activities without
explicit discussion of where these activities took place,

21. Criticisms of the selection framework have been based primarily on its
sensitivity to the specification of the first-stage probit model and
distributional assumptions {see Coldberger [1983] and Little [1985].

22. Experimental studies comparable to Kling [1988] will be needed to evaluate
the practical importance of these problems.

23. It is possible to incorporate some of the effects of demand uncertainty in
models using the travel cost methedology. Morey, Shaw, and Rowe's [198&]
enalysis is an example of this possibility. They assume the stochastic
elements in their random utility model reflect uncertainty affecting the
individual's decisions and not simply the analyst's ignorance.
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24. For motational simplieity, I have dropped the subseript to identify
individuals.

25. 1t is possible to adapt the Hausman specification error test to test the
independence of irrelewvant alternatives property. See Hausman and McFadden
[1984] and McFadden [1987)] for further discussion., Kaoru [1989] provides a
detailed example of its implications for the definition of the recreation sirte.

26. Other recent examples of the nested logit framework for marine recreation
include Bockstael et al. [1986], Milen [forthecoming], and Kaoru [1989].

27. DOne could jointly estimate the model with a pooled sample as Saxonhouse
[1277] propo=sed. Howewver, the issues associated with model selecrtion become
exceptionslly complex in & pooled framework., This arises because zll wvariables
specified tu influence demand in principle interact with site characteristics
once these second-stage equations are substituted into the first-stage demand
models.

28, Differences in the opportunity costs of time across individusls will also
lead to differences in their respective marginsl costs for increments to
specific site characteristics.

29. A specific issue with implementation that has been found to lead to
substantial differences in estimetes of the demand and wvaluation of site
characteristics is the treatment of negative marginal cests. There is no
guarantee that the first-stage price equations will yield uniformly plausible
estimates of the marginal cost for each characteristic.

Bockstael et al. [1987] argue that dropping negative estimates is
essential. In contrast, Mendelschn [1984] suggests that because they are
random variables, this can be expected and provides one reason for using an
inverse demand specification in modeling the demand for a site’s
characteristics.

30. It should be acknowledged that a much greater number of replications of
each experiment will be needed to gauge the effects of modeling assumptions on
the small sample distribution of welfare measures. A minimum of 100 te 500
replications has characterized most other studies of this type used in
evaluating neoclassical cost functions (see Guilkey et al. [1983] as an
example) .

31. A more detailed discussion of the benefit estimates by type of resource is
available in Bockstael et al, [1988].

32. We describe it in more detail in Chapter 5.
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Chapter 3

A Selective Review of Past Empirical Analysis
of Marine Recreational Fishing

3.1 Introduction

Until quite recently, the available empirical results for marine
recreational fishing (with the exception of salmon fishing) have been quite
limited. However, this has changed with the recent literature. As we observed
in the first chapter, the 1987 reauthorization of the Clean Water Act, along
with increased concern over the conflicts between commercial and recreational
uses of marine fisheries, has led to a variety of new empiricsl analyses.

The purpose of this chapter 1s to summarize a representative sample of the
erpirical studies of individuals’ demands for and wvaluation of marine
recreationsl fishing. First we review the avallasble literature from the
perspective of judging its suitability for developing estimates of the value of
quality changes in the Albemarle-Pamlico Sounds. This effort updates the
earlier Smith-Palmguist [1988) review. From this overview we conclude that
while the past several years have seen substantial advances in the empirical
information avasilable on the wvalue of marine recreational fishing, the results
are tyvpleally specific to the local conditions characterizing each study.
Equally important, the models have been much less successful in isolating the
values of the guality changes that we anticipate would accompany estuarine
managementc.

In some cases policy needs have made it necessary to distill estimates of
the value of recreational activities. One such study, Walsh et al. [1988], was
recently completed for use in the Forest Service's planning process. While it

covers saveral of the same studies we discussed, because of the objectives ancd
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design of the Walsh et al. review, we have summarized this work separately.
Each study's results were adjusted based on a panel of experts' consensus
judgments on the best modeling practices in an attempt to construct some
standardized measures of a representative consumer’'s wvalue per actiwvity day.
This work wss prepared as part of the U. 5. Forest Service's efforts to
incorporate valuation information in the resource planning activities that are
reguired by the multiple-use and sustained-yield legislation governing the
maragement of public lands.

Section 3.2 develops our review of a representative sampling of these
studies based on primary sources. In section 3.3 we summarize the Walsh et =z1.
review. Section 3.4. summarizes the issues relevant from both reviews for our

own study of the Albemarle-Pamlico Sounds.

3.2 An Overview of Selected Demand Studies for Marine Becreational Fishing

Table 3.1 summarizes the key features of nine studies of the demand for
and/or valuation of marine recreational fishing. Two report the results of
travel cost demand models (McCommell [1979] and Bockstael, MceComnell and Strand
[19871), four describe random utility models (Morey, Rowe and Shaw [1987],
Bockstael et al. [1986], Milon [forthcoming], Bockstael, McConnell and Strand
[1988], and Hanemann and Carson [1987]), and the remsinder report results from
contingent valuation surveys,

It is important to acknowledge that each study had fairly specialized
objectives beyond simply waluing marine recreational fishing. MeConnell's
[1979] analysis was primarily intended a5 a theoretical analysis demonstrating

the importance of recognizing that the catch rate experienced by each



TABLE 3.1

Highlights of Selected Studies of the Demand for

and VYaluation of Marine Recreational Fishing

Type of
Study Date Location Fish Model Value
McComnell Unknown Bhode Winter Travel Costc §233 (per season)
i1279] Island Flounder Eousehold 215 (per season)
Production
Ball, 1980-81 Florida All Species Contingent $743 (annual WITP)
Sorenson and Valuation
Leeworthy [1982]
Bockstael, 1980 Chesapsake Sctriped Bass Travel Cost $86%-190 (per 5easonja
MeConnell and Bay 510-15 (eatch rate
Scrand [1987]) improvemsnt)
Morey, Rowe 1981 Oregon 5 Species REHb $0-335 (per seasnn]c
gnd Shaw
[1987]
Bockstael, 1985 South King Mackerel Contingent §328 (per seasnn}d
Graefe, Carolina Spanish Valuation 8195 (per season)
Strand and Mackerel RUM
Caldwell [1985] Black Sea Bass
Thompson 1985-86 San Mix of CnnzinEERte - 50% WTP $33f
and Huppert Francisco Species Valuation +100% WTP $41
[1987] [Salmon) - 50% WTA $82
[Striped Bass]
Milon 1285 Dade County Mix of Species BERUM $1.60-1.80 (per person
[Ferthcoming] Florida per trip for new
artificial reef)
Carson, 1986 South 13 groups of RUM $.30 to 521.47 per
Hsnemann, and Central species summer trip occasion
Wegge [1987] including salt- by site/species
and freshwater classes and $.01 to
species: £11.03 per winter trip
7 types of salmon occasion by site
5 types of trout
13 other species
or species groups
Cameron 1987 Coastal Average catch Discrete $1,857-5,132 for
[1988b] Texas rate measures Choice CV complete loss of

by species,
year, time,
and location

access to fishery
{(per person)

£19-52 for loss of
access 10% of tirme
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Type of

Study Date Location Fish Model Value

Bockstael, Nowv/Dec Florida Three classes: RUM/Hested 20% increase in the

McCommnell 1987 {Atlantic Big game -- Logit model success rate per trip

& Strand Coast) billfish, with model occasion;

11988} marlin, tuna; and species Small game for shore or
Smzll game -- choice then boating §.33;
bluefish, selection of Nontargeted small
mackerel; one of nine game §5.32;

Bottomfish -- sites, Bottom:
sheepshead, defined as Boat catch rate §1.27;
STapper aggregates Big game/boat 51.56

a ; '
These estimztes were calculated from the authors' reported tebit
estimates usin

2
&

a -
€5 = - ——, with q = measure of quantity demand and § the estimated
B a

coefficient for travel costs (§ < 0).

The range corresponds to the range in average q's for each of the four areas of
the Chesapeake included in the survey. The catch rate improvement is for an
increase from the zverage catch rate (3.5) to the highest catch rate at the
lowest and highest levels of use,

RUM designates a random utility model which can have wvarious
specifications. Morey, Rowe and Shaw include travel costs and site specific

cateh rates and censider the possibility of not fishing at any site in a given
period.

Gl ey

This is an ex ante value for the Hicksian compensation wariation for
elimination of salmon fishing Clatsop County. The range arises from variation
across the county of origin of the fishermen.

dThis value refers to the value of an artificial reef for marine fishing
trips during a season.

& = A

Questionnaire asked about fishing trips using combination of intercept
and mailed questionnaires. Valuation questions used as part of CV analysis
refer to salmorn and striped bass,

fQuestiuns asked for willingness-to-pay (WIP) to avoid a certain percent
decline in catch rate (designated with negative sign and WIP); willingness-to-
pay for certain percent increase in cateh rate (designated with positive sign
and WIP); and compensation for certain percent decline in catch rate
(designated with negative sign and willingness-to-accept (WTA)).
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individual reflects both the guality of the fishing experience and the effor:
expended in fishing. Under this view individual catch rates are endogenous
variables. Thus, the two models described in the table for his study, travel
cost and household production, are distinguished by whether the process is
modeled as a jointly determined set of decisions with trips and catch
determined from an optimizztion process. 1t is important to note that in this
case Meclonnell argues for interpreting trips as a measure of the putout of the
recreationzl activity (fishing) and not a measure of site usage. Because the
ideal quality measure for fishing (the stock of fish) is unobservable, the
catch rate must be used a5 an alternative measure. Unfurtlmatel}', this measure
reflects the effects of the fish stock as well as the effort devoted to
fishing. It is therefore an endogenous variable.

MeConnell's theoreticzl analysis clearly identifies the potential for
biased estimates when the catch rate is treated as if it reflects the quality
of the experlence. To illustrate the difference he used a small sample (56) of
Rhode Island fishermen and their decisions on fishing for winter flounder. The
estimates for consumer surplus (evaluated at the mean values of the wvariables)
for the fishing experience from & simple, linear travel cost demand model
versus a linear two-eguation (fishing and catch-rate) system are quite
different. However, the estimates of parameters in the two-equation model do
not indicate that the effects he suggests should be important were
statistically significant determinants of behavior.

The Bockstael, MeConnell, and Strand [1987] travel cest analysis involved
striped bass fishermen in the Chesapeake area. Of the total surveyed (760),
184 fished for striped bass in 1980. While their model was described as = sire

demand, the data used to estimate it were pooled across -sites. An alternative



E2
interpretation of the framework is that it is another way of describing a
regional travel cost model. However, in contrast to those models described in
Chapter 2, where different individuals' experiences at different sites are
pooled to describe the "typical" demand for one of a set of sites, each
person's experience in using different sites is first aggregated. Then this
aggregate usage measure is used to describe the quantity demanded. Their
analvsis used racords for the season aznd included all wariable costs and time
cost inm the price of a visit. When an individual’'s season demand involved more
than one site, a price index was constructed to attempt to capture the relevant
price for the mix of trips taken. Moreover, the price indexes constructed for
those not using sites do not seem to accurately reflect the implicit costs
faced by each individual. Their model includes own price effects, the
individual's catech rate based on his (or her) experiences over the season,
dummy wvarigbles for different types of fishing eguipment, and the
fishing/hunting budget (assuming weak separability of the individual's
underlying preference functicn). Tobit estimates of the model provide strong
support for a conventional demand framework.

We used these results to estimate the average individual's consumer
surplus fer a fighing experience. Our range was derived using the range-of-use
levels across the four areas identified as part of the region, with the lowest
in Sussex, Delaware (6.8 davs) and the highest in Southeastern Chesapeake (11.3
davs). These estimates are substantially lower than McConnell's sarlier
results.

It is also possible to use their model to estimate the value of an
improved catch rate. To illustrate the implications we postulated an

improvement from the overall area-wide average catch rate (3.5) to the highest
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regional cateh rate in the sample (4.%). WValuing this Improvement at the
lowest and highest rates of use, we have a range of walues for the quality
improvement of 310 to $16. Adjusting for the effeets of inflatien, these
estimates would be roughly comparable to the contingent valuation results for
improvements in the catch rates for striped bass cobtained by Thompson and
Huppert. (Their contingent valuation study is described in more detail below.)

Unfortunately, data problems required the use of days rather than the
theoretically preferred variable, trips, as thelr gquantity measure. While the
authors did consider the effects of using an expected catch measure for those
with positive levels of use,l they did not consider the simultsneity guestion
raised earlier by MeConnell.

The Morey, Rowe, and Shaw study appears to be the first attempt to use =
detailed random utility model (RUM) to describe marine recreationzl fishing.

In contrast te both MecConnell [19%7%] and Bockstael, McConnell, and Scrand
[1987], this study does distinguish fishing sites using seven coastal counties.
Vehicle-related travel costs, the time costs of travel (priced at the minimum
wage for zll individuals), together with on-site mode and lodging costs per
trip are included in the estimated costs per trip.

Each individual is assumed te select a site and a mode of fishing (i.e. on
manmade structures, beach and bank, charter boat, and private boat). The costs
of trips by site and mode and species-specific catch rates (i.e. salmon, perch,
smelt and grunion, flat fish, and rockfish/bottomfish) were the specified
determinants of individuals' decisions.

While the paper does not repert individual tests for the determinants of
site/mode of fishing choices, the authors do indicate that the model was

preferred over a purely random allecation of individuals over the choices.



Equally important, the estimates were consistent with the simple decision
process envisioned by the logit form of the random utility model.

The second RUM study summarized in Table 1 considered a more detailed
decision process to explain South Carclina fishermen's decisions based on the
results of a guestionnaire mailed to 5. C. boat owners within 100 miles of the
coast. Boeckstael et al. [198B6] assumaed that each individual's decision was
part of a nested process with the preferred fishing asctivity at each possible
launech site described. Then a preferred launching site was determined based on
the best fishing activity. The types of fishing were nonreef and artificial-
raef. The determinznts of these decisions included the expected catch of
principal and secondary species, expected costs, years of experience fishing
off the South Carolina Coast, and the expected percentage of trips in which
fishermen expected to catch no fish. The expected-catch and cost variables
were based on respondents’ reports or "imputed” from similar fishing mode
{troll or bottom) and boat sizes when these responses were missing.

The authors did not report sufficient information to gauge the statistical
significance of their estimates but did report some comparative benefit
estimates. Three launch areas were identified. The model implied that the
value of a 20 percent improvement in the reef catch rate would range from $38
to $90 per user per year.

To develop the overall estimate of the walue of an artificial reef as
reported in Table 1, the authors developed a second stage launch site model
based on the inclusive value from the first stage and the travel cost. The
inclusive value is =z gauge of the desirability of the reef/nonreef alternatives
accessible from each launch area. Using this model, it is possible to capture

the unconditional value of a reef by gauging how high the costs of reef use



would have to be to causs the individual to stop selecting them. This is the
£195 repcorced in the table.

Building on this pilet study, Milon [forthcoming] alsc has used a nested
logit model to estimate the wvalues for artificial fishing. Based on the
registrations of boat owners in Dade County, Florida, Milen composed a
stratified sample by zip code and conducted £ mall survey of 3,600 individuals
in 1985. The response rate was 45 percent, and 75 percent of those respondents
(887) participated in saltwater fishing during the sample period. Trips were
specified as a single fishing day in his medel. Moreover, the launch point was
treated zs exogenous to the where-to-fish decision in terms of three types of
site classifications - near shore, offshore natural habitat, and offshore
artificial habitat. Thus an important distinction arises between this study
and most other work which uses trevel to a launch point as an important
component of the travel costs. In other such studies, information on the
locstions and features of the areas in the sounds or the ocean used for fishing
is not as detsiled as In the Milon analysis. Because his analysis is primerily
for local recreation with abundant access, Milon argues that the launch
decision can be ignored. While this is probably ceorrect for his case, the
assumption bears directly on the site-definition issue we raised in Chapter 2.
We will return to this issue in the next twe chapters.

The choice process Is described as involving three levels of decisions:

{a) econditional en sport fishing - select near shore or offshore;

(b) conditional on offshore, select type of habitat - natural or
artificial:

anda

{c) ccnditional on the outcomes of (a) and (b), select a specific
location for fishing.
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The site selection decision at level (c¢) was specified to be determined by
travel cost and time (here rafarring to costs and time associated with beoat
travel), the site specific mean catch rate for all fish (e.g. kept plus
released) expressed as weight per person-hour from recent experience, as well
as the variability in that experience across individuals, and, for artificizl
sites, the age of the site. All wariasbles were statistically significant and
generally had plausible signs. The only potential cosefficient that might be
subject to gquestion would be the wvariability measure for catch. The
coefficient of wvariation had a positive effect on site choice.

The other stages in the decision process were specified ro be determined
primarily by varisbles describing eguipment and knowledge. Two notable
exceptions were age and Income as determinants of the offshore/near-shore
choice, Both are .aegatively related to the offshore choice. This seems a
counter-intuitive finding for income.

The model was used to estimate per person per trip benefits from a new
artificial site at different locations. As the last column indicates, the
average value (across respondents) wvaried by site location from $1.60 te 51.80.

The Bockstael, McConnell and Strand [1988] random utility analysis of
sport fishing in Florida is a preliminary analysis of their engeoing larger
study based on additional interviews of fishermen contacted as part of the
National Marine Fisheries Service (NMFS5) intercept survev. It considers the
completed interviews in the November to December 1987 wave of the NMFS survey
intercepted in Florida. Their sample includes 158 respondents who provided
information on 161 distinct day trips. Because of the relatively small sample,

nine sites were composed from combinations of coastal counties, and fish

species were aggregated into three groups.
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& two-stage nested random utility model was specified to describe these
recreation decisions. First, the mode/species choice is determined with six
combinations: shore-small game, shere-no target, boat-big game, boat-small
game, boat-bottom, and boat-no target. Then conditional on this choice, & site
is selected. The site selection medels varied with mede and type of fishing,
including the travel cost {including wvehicle costs and time costs walued at BQ
percent of the wage rate for those who could vary their time and travel time
separately for those who could not wvary). Nontarget fishermen and big game
fishing were assumed to base fishing gquality on the success rate, while others
used the catch rate, The effect of travel cost on site selection was assumed
constant across mode/species choices, as were the effects of travel times,
cateh, and success rates., The mode/species decisions was specified to be
determined by the inclusive value from the first stage and a qualitative
variable for boat ownership. In genmeral, the model appears to offer a good
description of recreationists’ decisions.

Two types of welfare calculations were developed. The first of these was
the value of access to a site per choice occcasion. These estimates ranged from
5.73 to $6.81 for private boating and 5.81 to $7.94 for all models. The
average values were reported based on values calculated for 21l sample
respondents.

Several quality changes were also considered based on changes in either
the success rate or the catch rate. Again, averages were reported for all
respondents without regard to their actual species/mode choice.

The last RUM study in the table, by Carson, Hanemann and Wegge [1987], is
zlso the most detailed to date. The analysis is based on three separate

surveys of resident anglers. A survey was sent in August sbout fishing trips
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tzken during Msy through July and in the preceding winter. Fer respondents to
this first survey, a survey was sent in October about fishing trips in August
and September. A combination survey covering the whole summer season was sent
to those who did not respond to the August survey. In addition, a survey of
out-of-state recreationists was conducted. To identify the various resident
samples, a preseason survey was used to Identify individuals (residents) who
intended te (or might) fish in Alaskas between May and September. A survey was
also sent to nonresident fishermen based on the nenresident angler license
files for 1983-1985 and 1986.

Of the guestionnaires delivered, 353.3 percent returned the August resident
questionnaire, 64.7 percent of this group returned the follow-up version, and
29.9 percent of the nonrespondents to the August questionnaire returned the
combination questionnaire. The nonresidents had higher rates for those in the
United States in comparison with international locations and somewhat higher
rates for the 1986 file of license holders.

Figure 3.1 is taken from Carson, Hanemann and Wegge [1987] and summarizes
the nested decision process they assumed:

Step I decide to participate and number of trips in specific weeks
of season;

Step 1I select & target species - salmon, freshwater, saltwater, or
nonspecific;

Step I1II select subspecies type;
and
Step IV select & site.
Twenty-nine sites were identified, though not all sites were assumed to be
relevant for all species. For our purposes, some of the most important

varisbles in the study were associated with the quality of the site and their



FIGURE 1.1

DECISTON TREE FOR ANALYZING RESIDENT ANGLER'S DEMAND FOR SPORT FISHING

Source: Carson, Hanemann and Wegqge [19R7]
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relationchip to measures of the availability of fish. The specific guantity

variables included:;

. a site rating based on a subjective weekly index normalized by
the mean rating for the site over the season;

. 2 general index of guality of fishing (again gqualitative) for
salmon, freshwater, and saltwater groups at each site in the

relevant weelk;

. the 1985 harvest of all speciss at the site.

The site selection eguations by species supported the use of variables
bassed on both the site rating and the 1985 harvest, with statistically
significant snd positive effecrts on the likelihood of selecting a site.

Estimates of net willingness-to-paf for the summer sport fishing trip and
for winter trips were prepared under varying criteria, including variations in
the site used and the origin for the recreationist. We report ranges for these
estimates in 1986 dollars in Table 3.1. Unfortunately, there was not sufficient
information to estimate the value implied by the model for quality changes.

The remaining estimates in the table are from contingent waluation (CV)
surveys. Bell, Sorenson and Leeworth [1982] included a CV guestion as part of
an analysis of the economic impact of saltwater fishing in Flerida. Their CV
guestion was posad as:

Having thought sbout how much saltwater fishing in Florida
cost yvou In the last 12 months, how much more monev would

you spend annually before decided to stop doing it because
it was too expensive? (Bell et al. [1%9B82], p. 72)

The average for zll regions from Florida resident anglers was $743 as the
annual willingness-to-pay. Nonresidents were willing to pay substantially less,
an dverage of sbout §154,

These results are difficult to interpret and may reflect a strategic bias.

Some indirect evidence for this conjecture is found in responses te another



guestion. When asked if they would pay $6.75 annually for a fishing license,
only about 37 percent of the in-state respondents would be willing te do 50.2
While this may reflect & response toe the intended use of the funds for "fishery
management,” it does raise questions on the appropriate interpretation of the
valuation responses.

The Thompson-Huppert [1987] contingent valuation was expressed in terms of
specific changes in the catch rates for salmon ané striped bass using both
willingness-to-pay (WIP) and willingness-to-accept (WTA) wvaluaction frameworks,
Both positive and negative changes were considered with the willingness-to-pay
used for improvements and for avoiding declines and the compensation required
(WTA) for proposed declines. A payment card format along with an arbitrary
upward adjustment in responses was selected in composing the averages in the
tables,

Since these results are preliminary and further specific analysis of the
survey results is underway, it Is difficult to judge their plausibility at
present. As we noted above, the WIP results are consistent with our derivation
of the value of a 40 percent improvement in the catch rates for striped bass
based on the Bockstael, McConnell, and Strand [1987] Tobit model for the
Chesapeake.

The last contingent wvaluation study invelves two studies by Cameron
[198Ba, 19B8b] using various ceomponents of a large creel survey of Texas
fishermen during the period of May to November 1987 alomg the full coastal ares
of Texas. Wnile 10,000 responses were collected, the two analyses are based on

subsets, The first of these focuses on complete and apparently consistent

ocbservations (based on preliminary criteria described in detail by Cameron
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[1988a]). A discrete or closed-ended CV question was asked of each respeondent
as follows:

If the total cost of all your saltwater fishing last year
was more, would you have quit fishing completely?

The value posed varied from §$530 to $20,000 across respondents in a format that
approximated & random asaignment.3

This study (Cameron [198Bza]) reported preliminzsry estimates of discrete
choice models based on specifications for Inverse demand models, as proposed in
Cameron and James [1987)]. All of the results were described as preliminary.
Attempts were made to take account of water guality and species-specific catch
rates estimated for the same locations of these interviews with different data
sets,

The modeling structure hypothesizes that these responses should depend on
the perceived quality of the sites involved. However, the preliminary results
indicated several types of contradictory findings with attempts to describe
gquality with the very detailed (i.e. species-specific) catch rates, as well as
water gquality in terms of measures for the concentrations of specific
pollutants.

The second study (Cameron [198EBb]) focuses on a subset of these data for
respondents who reported that they took 60 or less fishing trips during the
season. This study is primarily a methodological innovatien. It proposes that
discrete contingent valuation responses can be combined with the actual trip-
taking decisions so a single model describing past recreational choices would
be used to estimate a common set of parameters.

Using a quadratic utilicy funetien and this restricted data set, Cameron

[1988b] developed several different estimates. However, nmone of these models
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actempted to incorporate any of the guality variables distinguishing the
features of different locations along the coast.

The wvaluation figures reported in Table 3.1 correspond to estimates of an
individusl's willingness to pay for access (based on the guadratic utility
specification expressed in terms of fishing and "net" income as a proxy for all
other goods}. Based on the structure of the model, this should probably be
interpreted as an annual pevment to avoid a complete loss of access to gll
sites. A& wvariety of other definitions were considered to describe situations
with parcizl loss of aczess and corresponding willingness-to-pay estimates. We
report here one caleulation based on the model and not separate questions of
respondents for a 10 percent loss in access.

In our judgment this effort offers a promising methodological advance, but
doezg not cffer benefit estimates that are useful for policy. All sites are
treated as eguivalent. The situation used for benefit estimation simply
derived the maximur one-time fees to reduce &ll trips to zero or to cut trips
by some percentage, provided past decisions and responses te the discrete CV
guestions could be explained using the same basic model.

Overall this selected summary indicates considerable progress with RUM
models, but little information that would fit the situation arising in the
Albemarle-Panlico area where the models must be capable of estimating the
recreation benefits from guality changes. Moreover, a comparison of the twe
most detailed medels by Carson, Hanemann and Wegge [1987] and Milon

[forthecoming] suggests that local conditions are quite important to the

[

structure of recreational decisions.



3.3 The Walsh et a8l. Benefit Estimates for Saltwater Fishing

Table 3.2 is taken from the Walsh et al. [1988] overview. The ecitations
for the studies they consider indicate that their review and ours overlap
considerably. This study is an update of an earlier effort by Sorg and Loomis
[1984] covering studies between 1968 and 1982. Both efforts seek to provide
constant dollar per activity day estimates of the typical individual's values
for specific types of recreational experiences. The focus is on valuing the
activity and not the site. This gqualification can be important to sites that
support multiple activities simultanecusly. For the most part, the Walsh et
al. analysis assumes this is neot the case. Their methods assume individuals
engage in only one activity when wvisiting a2 specific site. They also generally
use the travel cost (including the time costs of travel) as the implicitc price

f the activity. Strictly speaking this is not correct, but its importance
will depend eon the guantitaetive Importances of equipment and other recreation-
related inputs, in addition to the site and a person’'s time for the activities
involved. 1In the case of marine recreational fishing these could be guite
important considerations and should be considered in interpreting what are
essentially standardized values for site services as values for the activities.

The =zdjustments used to standardize the estimates across studies follewad
Sorg and Loomis. They were:

» travel cost-based estimates of value were increased by 30
percent for the omissicn of trawvel time:

= travel cost and contingent valuation estimates were both
increased by 15 percent for the omission of out-of-state

users:

« travel cost-based estimates were decreased by 15 percent
when individuzl observations were used;

and finally



TAELE 3.2

)

Salt Water Fishing Literature Review and Benefit Estimate, 1987

Author
Study Location
Date of Survey
Method

Value per Activitcy Day

un

Reported

Adjusted to
1987

Adjusted for
Method

Carson, Heznemann & Wegge [1987]

Alaska
1986 TCH
Salmon, Halibut

Cameron & James [1987)
British Columbia

1984 CVM
Salmon

Rowe et al. [1983]

California, Oregon, Washington

1981 TCM
General

Huppert & Thompson [1984]

California
1979-80 TCM
Party Boats

SMS Research [1983]
Hawaii
1983 cvM
General

Browm et al. [1980]
Oregon
1977 TCHM
Salmon

Brown et al. [1980]
Washington
1977 TCM
Salmon

MeComnell [1879]
Rhode Island
1978 TCM
Flounder

149.25-213.35

48 83

56.80

13.00-20.00

47.00

78.00

75.00

30.34-67.06

[
L
el
=]
sl
'
k3
r
o
T
i

53.37

71.23

18.69-28.76

5335

136.66

131.40

49.55-109.51

L

153.73=229.h

53.37

£0.53

18.69-28.76

bt e

136.66

131.40

42.12-93.08



TABLE 3.2 (continued)

Author
Study Location
Date of Survey
Method

Value per Activity Day

Reporced

Adjusted to
1987

Adjusted for
Method

Crutchfield & Schelle [1879]
Washington
1378 cWM
Salmon

Charbonneau & Hay
g, 5,
1975 cvM
Surf

[1978]

Charbonneau & Hay [1978]
L. 5.

1975 CVH

Surt

Charbonneau & Hay [1978]
b 8.
1875 CVM
Bays

Charbonneau & Hay [1978]
0. 8.
1975 CVM
Pier

Charbonneau & Hav
. 5.
1875 CVM
General

[1978]

Average Total Value
1983-88 (3}
1968-1%82 (9)

18.00

3.

18

22

16.

22

51
70.
41

oo

.00

.00

oo

.00

.38

08

.30

29,349

145.12

37117

43.74

Bl B

43.74

76.25
77.67
753.486

2939

101.58

26 .44

a0.62

22,27

30,62

6E.50
75,34
64.69

SOURCE: Walsh et al.

[1988].

Their report and the full citations to all
studies are in the reference to this paper.

|'.i'-



= all were put in 1987 dollars using the GKP implicit price
deflator on the price index.

Omitcting the adjustments for all factors but inflation, the per day wvalues
range from approximarely 520 to $220. The highest of these is from the Carson,
Hanemann and Wegge [1[{%87] RUM model based on travel cost data.

These resulcs are useful as a potential set of bench-marks for
interpreting our own results. Of course, expressed in these general rerms,
they do not
offer insight into the wvalue of the quality changes (e.g. improvements in catch

rates) that might accompany management of estuarine resources.

3.3 Summary

This chapter has provided a selective summary of the available empirical
literature on the value of marine recreational fishing from two perspectives.
The first considered what is known about the walue of changes in fishing

guality. The second summarized another effort to distill wvalues for activicy
days imvelved in marine recreational fishing.

The result of these efforts is a clear perception that the literature is
changing rapidly in this area. While the range of uncertainty is large, it is
narrowing as a result of these efforts. Leocal conditions are important sources
of these differences, so transfer of estimates prepared for one location to the
Albemarle-Pamlico Sounds would be undesirable. Finally, the knowledge of the

values for gquality changes are especially limited.



Chapter 3

FOOTNOTES

i. Konusers were assigned the expected levels, so the evaluation considered
only the treatment of these wariables for users.

2. Similar findings were cbserved with nonresidents. Only 32 percent of the
teurist anglers in Florida stated they would be willing to purchase a license
of $10.50, despite their high stated WTP for the activity.

3. The full set of walues used in this question were:; 530, $100, 5200, 5400,
$600, 5800, S$1.000, $2.500, 55,000, 520,000.
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Chapter 4

The Albemarle-Pamlico Estuary and
the N. C. Sea Grant Recreational Survey

4.1 Introduction

The purpose of this chapter is to provide some general information on the
Albemzarle and Pamlico Sounds and to describe the data base developed for this
study. The focus of this deseription is on the features of the estuary that
support marine recreational fishing. The primary source of our information on
the uses of the sres is an intercept survey conducted during the summer seasons
of 1981 and 1982 and sponscred by the North Carclinaz Seca Grant Program (see
Johnson et al. [1986]). While the original survey included some 1,012
interviews, our analysis was limited to 723 interviews of boat fishing parties
where 1t was possible to identify the launch peint used to enter the area.
Because the Johnson et al. report provides a detailed description of the survey
procedures and extensive tabular summaries of the responses, we have limirted
our discussion in section 4.3 to an overview of the highlights of the survey
procedures and attributes of the data.

This data set was augmented in several important ways to provide detailed
information on each respondent’'s access to all the identified launch points
{(where interviews took place), as well as measures of the characteristics of
these areas, including the average fishing experiences of other fishermen wusing
each launch point, measures of effluent discharges in proximicy to each
location, and economic estimates characterizing the opportunity costs of each
respondent’s time. The specific details of these calculations have been

developed in individual appendices to this report.



Section two of this chapter describes some of the characteristics of the
estuary and the recreational and commercial fishing activities supported by it.
In the third section we describe the Intercept survey dates and provide an
overview of the reasons for augmenting the data base, as well as the logic
underlying the specific procedures used in developing the variables used in our
analysis. The last section summarizes the chapter and discusses the prospects

for using the data base in other applications.

4.2 Characteristics of the Albemarle and Pamlico Sounds

Figure 4.1 taken from Epperly and Ross [1986] provides a schematic
overview of the two sounds and key landmarks in the area. The Albemarle Sound
covers spproximately 480 square miles, while the Pamlico is appreximately four
times larger with over 2,000 sguare miles. Eoth scunds are shallow with a
maximum depth of 26 feet near Pamlico Point. They are separated from the
Atlantie Ocean by a chain of barrier islands,

The Albemarle Sound has very low salt concentrztions in the water and is
designated a5 an oligochaline estuary. The far western portion of the Sound is
approximately freshwater because it is primarily influenced by the rivers
flowing inte the Sound.

In contrast, the Pamlice Scund has a higher salinity level and is
classified as mesohzline in some areas (5-18ppt) and polyhaline in others (18-
30ppt). Owverall it has a fluctuating salinity level. Table 4.1 summarizes
some general information from the Kational Estuarine Atlas baing developed by
the Strategic Assessment Branch of KOAA's Office of Oceanography and Marine
Assessment. Flow rates in the two sounds are highest in the wincer and decline

in summer months.
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Characteristics of the Albemarle and Pamlico Sounds

Pamlico
and
Albemarle Pamlico Pungo Neuse

Sound Sound Sound Rivers River
Estusrine Zones {milesz}

Tidal Fresh 726 1) 41 25

Mixing 196 1891 125 148

Seawater 0 40 0 0

Total 922 2027 166 173
Flow BRates (1000 cfs)
(long-term daily average)

January 30.2 23.4 5.1 9.0

February 33,8 22.5 5.8 11.2

March 32.6 7 i 4 6.0 11.9

April 27.8 21.9 5.6 8.0

May 25.% 20.6 6.4 4.6

June e 21.6 5.9 4.1
Dimensions (miles)

Length 107 120 42.0 50.0

Width (average) 10.5 I, 7 2.5 4.1

Depth (averags) 19.0 18.0 12.1 12.3
Source: Draft of Natjonsl Estuarine Atlas, Strategic Assessment Branch, Ocean

Assessments Division, NOAA

g . . . .

The N0OAA definition ineludes a wider area that considers Currituck Sound and
the river outlets into the Sound as components of the estuary. This accounts for
the discrepancy between the text and this table.



Because of its low salt levels, the Albemarle supports important fish
nurseries for anadromous species. The adult members of these species use
upstream tributaries of the Sound to spawn, and then developing juveniles use

ringe of the

(a1

the western portion of the Sound &5 a nursery area. The wastern
Pamlico Sound and the Neuse, Pamlico, and Pungo Rivers, are good habitats for
guasi-catadromous species, including spot and ecrozker. These are genarally
gither cold weather spawners or offshore spawners. Some species such as grey
trout are warm water spawvners, using the Sound or nearshore waters.

0f the two sounds, the Albemarle has experienced greater levels of
contamination arising from nonpeoint source pollutants. Table 4.2 provides a
partial summary of the water quality and use comparisons developed by
Desvousges et al. [1986] approximately twe years asgo. Both sounds support
commercial and recreationzl fishing and other recreational activicies. There
are more public access points to the Pamlico Sound.

Tables 4.3 and 4.4 provide a detalled description of the landings of the
primary commercial species for the Albemarle and Pamlico Sounds from 1972 to
1986. For both sounds yields have declined for nearly all species from their
historic highs iIn the late 1%70's or early 1980's. The only important
exceptions te this pattern are blue crab for the Albemarle Sound area and
shrimp (with unstable landings in recent years), hard clams, and oysters for
the Pamlico.

It is difficult to use these statistics to gauge any changes in the
guality of either sound. They refleet both the quality of fishing
opportunities and the effort devoted to fishing. Nonetheless, they do indicate
that both sounds can, in principle, support active fisheries with opportunities

for reereational and commercial fishing. As Table 4.2 indicates, the area also



Water Quality and Use Comparisons:

Table 4.2
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Albemarle and Pamlico Sounds

Albemarle Sound

Pamlico Sound

Water Quslicw

Salinicy Lewvel

Oxyvgen Saturation

Souree of Pollutant

Pollutants

Water Qualicy Problems

Uses and Actiwvities

Adjacent Land Use

Water Use

Eecreaticonal asctivities

Recreational Access

Unigue Recreatlon Areas

Countervailing
Influences on Recreation

Alternative Recreaticn
Sites

Cligohaline (0-5 parcs
per thousand [ppt])

60 percent (average)

Nonpeint

Lirited industry on
tributaries

Witrogen and phosphorus

Algae blooms
Bed sore disease

Agriculture
Forestry

Water supply in Virginia
Pulp and paper industry

Fishing, boating,
hunting, swimming

Private; some public
sccess polints

Great Dismal Swamp
Alligator Rim National
Wildlife Refuge

Limited access due to
shoreline

urrituck Seund
uter Banks

[ ]

Meschaline (5-18 ppt)
Polvhaline {(18-30 ppt)

50 to 60 psrcent (average)

Nonpeint
Limited industry on
tributaries

HNitrogen and phosphorus
Phosphate mining

Fluctuating salinity
levels, algze blooms,
red sore disease,
ulcerative mycosis in
tributaries

Agriculture
Limited forestry

Water supply

Pulp mill on Neuse River
Some Industrial Use
Navigation Channel

Fishing, boating,
swimming, hunting

Public and priwvate

National Wildlife Refuges:
Cedar Island
Swanguarter

Croatan National Forest

Limited access dus to
shoreline

Quter Banks
Bogue Sound

Source: Desvousges et al.

[1986]



TABELF 4.3

Landings of principal cosmercial species from the Albemarle Sound area, Morth Carelina, 1972-1986 {in thousands of pounds)

R T il ] T i

River Blue- American Striped White Blue Hard

herring fish Catfish Croaker  Flounder  Weakfish  shad Spot hass  perch Shrimp crab clam Oysters
1972 11,237 22 2,383 19 121 2h 130 23 14 190 0 1,499 a 0
1973 7,985 6 1,875 29 73 10 Bl 19 535 139 [t} 1,647 0 4
1874 6,205 2r 1,738 282 102 36 117 39 449 281 44 1,863 i} H
1975 5,949 26 1,633 293 232 b1 B7 18 636 e 0 1,439 0 1
1976 6,401 73 1,481 442 215 78 78 11 616 1:8 0 922 0 3
18717 8,520 15 2,047 246 11 41 80 19 470 2hH ] 1,061 0 18
189718 6,570 4 1,688 145 22 41 159 21 h24 403 3 2,196 i} 6
1879 5,031 89 1,496 1,062 43 246 A5 143 27 371 0 2,708 0 4
1980 6,179 45 1,403 a0z 26 137 69 129 3T 82 in 1,959 0 13
1981 4,560 a7 1,672 165 59 40 &7 33 333 348 & 3,905 0 14
1982 9,408 63 1,165 B4 a2 a4 114 232 228 634 15 6,264 0 25
1983 5 A&K9 3| 1,014 380 201 74 216 44 289 452 10 6,375 16 i
1984 6,493 6d 1,284 533 129 124 227 al a76 a17 4 2,813 21 49
1985 11,537 a0 1,238 353 121 52 144 39 Fai] G4 a8 5,046 12 10

1986 6,767 12 1,136 LE) 281 a0 120 42 173 652 0 A,073 0 5




TABLE 4.4

Landings of principal commercial species from the Pamlico Sound area, Morth Carolina, 1972-1986 (in thousands of pounds).

River  Blue- ‘..'.'..fiﬁ..'. ik Striped White e Hard

herring fish Catfish Croaker Flounder Weakfish shad Spot bass perch  Shrimp crah clam Oyslers
1972 0 50 22 213 265 144 267 218 155 11 2,073 9,418 0 215
1973 <1 122 13 1,257 izz 88 205 119 106 i B 1,144 B, 393 o 148
1974 5 25 16 2,1 715 510 226 648 h2 <8 3,162 8,682 0 128
1975 <] 553 21 5,489 992 1,349 13 1.724 80 17 1,558 1.597 0 248
1976 0 417 19 5,17 1,019 1,455 B0 1,085 28 6 EMLY 8,599 o 168
19717 3 645 21 6,788 393 2,481 23 1,458 10 10 1,442 9,634 0 199
1978 36 i a6 7,444 866 2,840 198 1,875 7 16 Ba0 15,651 1 113
1979 [ o 16 9,612 824 2,847 112 31,108 19 a0 920 19,365 2 261
1980 38 814 a4 11,302 2,275 4,793 64 3,275 56 23 4,378 271,970 0 3Be
1981 51 590 a4 7,570 1,453 2,934 123 1,676 25 a7 Bay 29,230 4 45
18962 20 a2z 25 6,729 1,243 2,263 146 3,153 16 k)1 2,101 26,677 3 266
1983 9 a0l A6 4,951 1,527 1,670 158 957 17 A 1,934 2,571 ! ang
1984 12 571 a6 3,799 1,108 2,058 264 1,514 21 ) 76l ih, a62 2 Ab5
1985 11 162 11 3,655 1,282 1,707 150 1,444 10 22 A, 168 20,307 in KEL]
1986 7 613 15 3,238 1,582 1,627 138 1,321 16 20 3107 11,599 26 455
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supports other actiwvities that would be affected by environmental quality. We
have not discussed these in detail because the focus of our analysis is on
recreational fishing.

The Albemarle-Pamlico Estuary is an important rescurce. The
reauthorization of the Clean Water Act specifically identified the area as an
estuarine rescurce with national signifiecance. This brief everview of the
features of the two sounds indicates that a wide range of activicies are
supported by the estuary and that many of these are adversely affected by
nonpoint source pellution entering the area through the multiple rivers thsat
contribute fresh water te both sounds.

Quantification of these effects requires documentation of the full
intervening mechanism connecting the activities that cause the mnonpoint socurce
pollution to the gquality features of the estusry important te the activities it
supports. Unfortunately, no systematic process has been established te collect
the information necessary to understand this mechanism,

While many economic activities rely on having access to a variety of
different types of services provided by the estuary, these services are
available largely outside markets. Commercial and recreational fishing have
relatively free access to both sounds. Fishing activities are regulated only
periodically, usually in reaction to some damage to the estuary or to fish
populations supported by it

The absence of markets for these services means we must rely on indirect
methods for inferring the contribution of the estuary to economic activities.
As we nmoted in the introduction and described more fully in Chapter 2, the
travel cost recreational demand model is one such method. To implement it

requires detailed information on the recreational decisions ef a sample of

=
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individuals using the area. These types of surveys are difficult and costly to
obtain. Indeed, while the North Carolina Division of Marine Fisheries in
cooperation with the National Marine Fisheries Service periedically undertakes
a creel survey of fishermen using the area, the information collected iIs not
sufficient to estimate detailed demand models for recreational fishing in the
area.

Fortunacely, a detailed survey was undertaken for the area by the North
Carolina Sea Grant Program during the 1981 and 1982 seasons. These data
provide the basis for our analyslis and are described in more detail in the next
section. It is important to note that without this survey our analysis would
ot have been possible., Moreover, given the six years between the date of the
survey and the initiation of this research, it is also important to recognlze
the need to continue to acquire such data on & more systematic basis. We
expect that recreational uses of the area have increased and that the patterns
of use may have changed. Until we repeat a survey comparable in detail te the
Sea CGrant effort, it will be impossible to evaluate how these changes affect

the demand and valustion estimates derived from our analysis.

4.3 The M. C. Sea Grant Survey

The North Carelina Sea Grant survey was undertaken in 1981 and 1982 teo
collect information on recreational fishing in the upper sounds of Nerth
Carolina. Johnson et al, [1986] indicate that these dataz were collected to
serve three objectives:

1) to understand the socioceconomic characteristics of marine
recreational fishermen in the region;

(2) to enhance knowledge of the social organization and cultural values
of participants in recreational fishing in the area;



and

{3} to provide information on the economic demand for and impact of
recreational fishing in the area,

The survey extended from early May 1%8l1 to mid-November of that yeér and from
mid-April 1882 to the end of Octoher 18982,

Because of the large number of access points to the area, the sampling
procedurs required that interviewing recognize the different levels of fishing
pressure in differer- areas of the two sounds. Jehnson et =1, [1%B6] describe

the process as one that began vwith a set of sites identified from the 1981

Borth Carolins Fishing Guide. Filshing pressure was defined as the number of

fishing parties originating from each location. Threes sources were used to
gauge the pressure from each site, Including the areaz law enforcement
supetviscrs of the Division of Marine Flsherles of the N. C. Department of
Matural Resources and Community Development, marinz cwners and operators, and
cn-site cobservations.

Index wvalues were constructed for each site based on levels of effort in
comparison to total effort for all locations. Interviewers were randomly
assigned with greater sampling at access points with a higher percentage of
effort. Seventy percent of the sampling took place on weekends and thirty
percent on weekdays.

Table 4.5 identifies the number of respondents in our'sampie who were
classified as boat versus bank fishing for each year. 1In 1981 four to six
added interview days were randomly selected for collecting information on
recreational bank fishing in each month. The bank access points were assigned

in a nonrandom fashion to select specific bridges or areas of shoreline. This

practice was not continued in 1982, Because our cbjective was to model



TABLE 4.5

Total Kumber of Observations in Each Sample

1981 1982 Tot=l
Bank Fishing 209 77 JE6
Boat Fishing inl 332 723
Other 2 1 3

Total 602 410 1,012




recreation site demands at the lowest level of aggregation, we sought to
maintain the sample of recreationists at each entry point as large as possible.
Therefore, we pooled responses across the two years.

Figure 4.2 displays & portion of a map for North Carolins with each of the
interview sites marked on the map. This map was not part of the original
information from the survey and had to be reconstructed based on a detailed

review of survey materials, wvarious issues of the Horcth Carolins Fishing Guide

and extensive discussions with Dr. Jeffrey Johnson,

Because the primary use of the survey to date has been as & source of
descriptive information, considerable effort was required te develop the data
base that meets the requirements for detailed economic mndeliﬁg.l As Chapter 2
described, the travel cost model requires three types of information: the
amount of use an individual makes of the recreation site being modeled, the
degree of accessibility of that site and the available alternatives, and the
costs of using the site. In the absence of entry fees, these costs are
primarily the travel costs to get to the site and the opportunity costs of the
time spent traveling to the site.

Unfortunately, the survey did not have ideal information for any of thase
variables, Because the survey was a site-intercept survey, we know the site
each fisherman used for the trip when they were interviewed. However, neither
the level of usage nor the access measures acquired in the interview conform to
what we would have liked. Conventional practice uses the number of trips to a
site as a measure of the guantity demanded of the site's services. When
possible we attempt to use trips that are of the same length and that take
rlace during times that are approximately comparable (in terms of constraints

ort the individual's time).



FICURE 4.2

Albemarle-Pazlico Estuary with Site Locations

1

SOURCE: FKaoru [1989]
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The survey provided information on the interview trip, but wvery little
information on other fishing trips. Indeed, this limitation is quite important
to the application of the travel cost model with these data, More
specifically, we have assumed that respondents' answers to & guestion
requesting the number of times they fished last year refers to marine fishing
ar the site where they were interviewed. This is nor what the question asked.
However, it was asked in the context of requesting information about the
current trip and other aspects of the individusl's sport fishing. Thus, the
prospect for measurement error clearly exists In both use measures,

Individuals could have reported trips to all sites and very likely were subject
to recall error. These considerations, along with other assumptions of the
travel cost model, have led us to initiate the process of developing and
applying other models to 2 subset of the information iIn this survey. These
other models focus on the single trip when a respondent was interviewed and
ignore this other information. 1In subsequent research, we plan to compare the
models developed here with those using the more limited informatien but not
requiring these assumptions,

Ne other information was requested of respondents on the characteristics
of these other trips. While we do have information on the days spent fishing
during the trip of the interview, we do not know how this compares with other
trips. As a result, it is impossible to standardize for either trip length
({.e, days on site) or the potential for other constraints on the time used for
these trips. This quanticy measure is the most serious limitation to our
analysis and very likely offers the greatest potential source for errnr.2

The survey did ack distance traveled from home to the site but not to

other potential sites for using the sounds. Equally important, these reported



distances were quite wvariable for respondents from the same origin counties,
larger than would be expected based on county size. To develop information on
potential substitutes and provide an alternative measure of access to the site
used, we measured road mileage from each origin county to each of the interview
sites in the survey. Appendix 2 describes the specific procedures used.

Theses measurements were then assigned to each respondent from the relevant
county. This assignment has two important implications. First, we have
developed an alternative measure of the distance to the site for sach
respondent. Second, the distances to all other alternatiwves provide the basis
for characterizing the relative accessibility of the available alternative
sites,

To construct estimates of the travel costs for the site used and the
alternatives, we scaled the round-trip mileage by estimating the travel cost
per mile (20 cents). This figure is at the high end of the range of possible
estimates, We also considered a midrange estimate of 12 cents. This had
licrle effect on our results. We have used the higher estimate because we have
not accounted for the costs associated with trailering boats. While not all of
the beat fishermen own their boats, a large fraction (B0 percent) do. Twenty
cents per mile Is more likely te provide a midrange estimate when these costs
are also considered. Appendix 4 provides more information on the motor vehicle
operating cost estimates.

The most important gquantitative facter in determining the travel cost of a
trip is the opportunity cost of the time involved. To calculate these costs,
we assumed Individuals traveled at 40 miles per hour and used two approaches to
estimate wage rates for each respondent. The first of these used a hedonic

wage model to estimate the wage rate for each respondent. These wage estimates
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were based on the reported occupations and sociceconomic characteristics of
each respondent. The secend procedure used the reported income divided by
2040, the typleal number of working hours in s year. For this method, it must
be assumed that &ll income is from wages. Appendix 1 describes the specific
details for the first procedure and compares the results from both methods.

Because there are limitations with both methods, we developed our
estimates with both approaches., Based on this analysis, our preferred
estimates are based on the hedonic wage mﬂdel.3

This information would be sufficient to estimate a travel cost demand
medel, Taken together with the fairly detailed sociceconozic information
collected from respondents, it provides a data base comparable to the best
available in the earlier marine recreation studies for other areasia However,
it is not enough information to evaluate the role of estuarine gquality for
these decisions. Two measures of quality were added to the dats base. One of
these uses the survey to estimate site-specific catch rates. A second used
data provided by the National Oceanic and Atmospheric Administration (NOAA)
estimating residusls genersted in the relevant coastal counties for the sounds
and the reports from major peint sources along the sounds as indexes of the
estuarine gquality adjoining the entry points to the sounds. Appendixes 3 and 6
describe the procedures used in each case.

Table 4.6 and 4.7 provide some descriptive information on the survey
respondents. They classify respondents by mode of fishing--boat and bank--for
the full sample as well as for the subsamples composed for each of the entry

point groupings we discuss in more detail in the next chapter.



TABLE 4.6

Sample Means:

Whole Sampleu

Bank (N) Boat (R}
Age 39.95 283 43 .06 715
Party Size 2.65 286 2.80 723
Travel Cosc 172.75 203 130.02 632
Trips 43 .89 263 35.17 652
Totzl Expenditure 122,61 274 115.1%9 667
Fish Caught 5.54 258 34 .85 580
Distance Traveled 202.64 203 137.02 633
Boat Ownership .01 284 .84 713

“N designates the number of complete observations for each variable.

08



TABLE 4.7

Mean Values for Selected Variables for %
Boat Fishing Respondents by Composite Sites

Composite Site

Cuter Banks Pamlico Albemarle

Sample Sample Sample

Variable Mean Size Mean Size Mean Size
Age 43.90 352 43.81 159 41.55 162
Party Size 3.16 354 2,64 162 237 165
Travel Cost 19315 330 B3.56 138 40.74 157
Trips 30.68 315 36,46 149 36.49 148
Total Expenditure 217 .88 311 34.17 155 20.10 159
Fish Caught 34.05 251 34,17 155 41.70 147
Distance Traveled 203.40 330 33.50 150 43 .64 158
Boat Ownership .81 348 .88 138 .88 163

a ‘ " 7 ¥
4 Composite site is a ecollection of entry points into zreass of the Albemarle-

Pamlice Sounds. The specific definitions in terms of the entry points Identified in
Figure 4.2 are:

e
Outer Banks = 502, 504, 506, 601, €04, 605, 607, 60B, 612, 619, B20
Pamlico = Bl4, 615, -B16, 618, 701, 701, 703, 713, 71ls, 717, 802, 803, 804, BOS

Albemarle = 301, 302, 303, 304, 305, 308, 310, 311, 402, 403, 404, 408
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A significant by-product of this research has been the development of a
detailed data base on the recreational behavior of individuzls using this area.
By constructing a clean SAS5 (SAS Institute [1985]) data file from the original
survey and including information on other recreational slternatives, as well as
measures of estuarine guality, we have developed z more extensive data base
that can be used as a basis for a wide range of economic modeling of how
recreationists use these sounds. Such future research can extend the types of
policy gquestions considered in managing the estuary.

Our focus to date has been on boat fishermen and their reported fishing
trips for the years preceding the survey. However, in the current format the

date mow will allow other types of recreation models to be developed.
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Chapter 4

FOOTNOTES
P Unferrtunactely, the "ecleanad" wversion of the original survey was lost in
the reorganization of the computer facilities at East Carolina University.
This loss implied that the dats file had to be reconstructed, eliminating
observations associated with an unreliable interviewer and correcting a wide
range of miscodings. This effort was not anticipated when the research was

initiated and delayed the process of investigating demand models with the
survey by several months.

2 We will discuss alternative models that can be implemented using only the
data on the wisit during which the interview took place in our description of
furure research in Chapter 7 of the report.

3. We also considered methods that used a fraction of the wage and zllocated
cther costs of the trip based on the composition of the party and the days
spent fishing as an approximate gulde for all trips. Because the party
composition and time allocation between fishing and other activities relate to
the trip of the interview, there is no reason to believe that they will be
consistent for all trips. Our results for these cost allocsations are summarized
in the Appendix to Chapter 5. They generally indicate that models based on the
hedenic wage model without cost allocation are preferred, based on the
stability of the estimates and their consistency with @ priori theory.

4, Our reguired interpretation of the quantity measure 1s an important
gqualification te this judgment.
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Chapter 5

The Demand for Marine Recreational
Fishing in the Albemarle-Pamliceo Estuary

5.1 Introduction

The purpose of this chapter is to report estimates of the demands eof
marine recreaticnal fishermen for the services of sites within the Albemarle-
Pamlieco Estuary. More specifically, the analysis focuses on boat fishermen
using sites within the sounds. Our models were developed in conformity with
the professional consensus on the estimating of travel cost recreation demand
models and explicitly recognize three of the most important influences to past
studies:

(1) our measure of the implicit price of s trip includes both the
vehicle related costs of travel and estimates of the opportunity
coste of travel time:

(2) our demand specifications include aggregate price indexes developed
for substitute sites within the sounds: and

{3) the estimators used for each model include both ordinary least
squares and 2 maximumr likelihood estimator with specific adjustment
for the truncation resulting from an intercept survey of
recreationists using the area.

Nonetheless, as we acknowledged in Chapter 4, a number of limitations in
the data avallsble for our analysis prevent us from considering other
potentially important influences to these recreational decisions. We discuss
the implications of these dats deficiencies in the summary teo this chapter.

Overall, the results sre quite promising from two respects. First, the

analysis has identified several conceptual issues that were mot treated in the
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analyses of travel cost demand models and are likely to be important for using
this framework to describe the demand for marine recreational fishing sites.
Second, our empirical results have successfully estimated the demands for two

composite sites in the estuary, and in the process estimated a role for

=l
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fishing
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ity, measured by the average catch rate, for these demands. This
aspect of our results is somewhat unique among travel cost models, As the
review in Chapter 3 suggested, few conventional travel cost models have been
able to estimate & role for site quality measures. This has been especially
true for travel cost demand models involving marine fishing sites.

Section tweo begins the chapter by considering the conceptual issues
assoclated with developing our specification of the demand functions., The
first of these involwves the definition of the recreation site that is relevant
for marine fishing. As we acknowledged in Chapter 3, this issue iz especizllwy
important when comparing the results of Morey, Rowe and Shaw [1988] and Milon
[forthcoming]l. The former defined a site by the launch point, whereas the
latter ignored launch point (treating it as exogenous to the key issues in
fishing decisions) and focused on the location in the ocean for fishing as the
site. In principle, both aspects of the location decisions for fishing are
important.

Because of the relatively poor performance of conventional travel cost
models in isolating & role for quality measures for recreation sites in their
estimates, we also consider a few theoretical approaches for describing how
quality might influence demand.

Following this discussion, in sectlion three we describe the
specifications used for our demand models and the results for our three

composite site aggregates - Outer Banks, Pamlico, and Albemarle. In the first



102
two cases, we have developed reasonably good models that are guite robust to
variations in their specifications with respect to what might be regarded as
nonessential variasbles (from the perspective of economiec theory) as well as to
the estimator used. Our analysis of the demands by recreationists using the
Albemarle sites was largely unsuccessful,

This section concludes with a trief discussion of the price and income
elasticity estimates implied by these demand models, considering especially

the varilations in price elastleity with site quality.

5.2 Conceptual Tssues in Modeling Demand: Site Definition and the Treatment
of Quality

Most of the early applications of the travel cost methodology have had a
clearly defined recreation site that was the destination for recreationizts.
Usually this was a park, lake, wilderness area or section of a river with =a
limited number of access pc-ir_ts,1 This 1lssue becomes especizlly important Ior
the case of marine recreational fishing because travel for boat fishermen can
be divided into two components - travel to the launch peint (or location where
a charter trip originates) and travel by boat in the sounds toe fishing
locations. The launch peint simply designates the approach a recreationist
has used te galn access to the resource. In the case of the Albemarle and
Pamlico Sounds this resource covers a wide area., Moreover, as described in
Chapter 4, they encompass a wide range of ecological systems with wvaried fish
stocks, wvegetation, and salinity among other characteristies. In addition,
the nature of the surrounding land also varies considerably from the

recreation-oriented barrier iclands of the Outer Banks (which are somewhat

less accessible by land) te the forested mainland. Because of this diversity,
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the definition of a recreation site is more complex than for most other types
of recreacion.

OQur study focuses on boat fishing, so tne fishermen must make a series of
decisions zhout the trip. The most important decisions concern the launch
site and the particular ares to be fished, although sewveral other decisions
such as target species may also be significant.

Seversz] possible site definitions were available for this studv, some of
vhich have been used previously. At one extreme, it can be assumed that the
launch sfite or entry point has no particular significance except to minimize
the cost of getting to the water. This formulation corresponds to the
implieic assumption of Milon's [forthcoming] study. In his case, the wide
availability of entry points to the ocean in Dade County implies that
differences in access to them across individuals is probably gquite small. The
most important consideration is travel by boat to a fishing location. In such
a model, regardless of the entry point, fishermen are going to one of a few
fishing areas. In our analysis, the most aggregate form of this assumption
would treat all boat trips in the Albemarle and Pamlico Sounds as utilizing
the same site. Of course, it would alsoc be possible to disaggregate slightly
by treating the two Sounds as separate sites. At the other extreme, one could
assume that the chosen launch site was an important decision that influenced
the entire trip. Each entry point would then represent a separate site, and
travel cost models could be developed separately for each site if an adequate
number of obser-ations were available at each site.

There are practical limitarions te our ability te evaluate these
definitions using the conventional travel cost demand framework., At the

simplest level we must have a sufficient sample of respondents as well as
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variation in their patterns cof use, costs, and socioeconomie characteristies
to attempt to “"explain" their respective demands for each site’'s serwvices.
Table 5.1 lists the number of observations for boat fishermen by coastal
county and launch point (identified in Figure 4.2 in chapter four) within
those counties. It is clear even at this level that the survey imposes limits
on what can be considered,

Of course, there is a more important consideration in evaluating the
alternative definitions for a site than simply what the survey will permit.
This relates to what we are trying to describe. Our analysis is intended to
model the demand for the services of the recreation site. Therefore, it is
reasonsble to expect several launch peoints will be providing access to the
szme baslec resource.

Our analysis has adopted s compromlse strategy, using the geography of
the area, together with information obtained from fishermen and those familiar
with the area to define three sit&s,3 Each site is a group of launch peints
for entering the sounds. They are defined to correspond to broad geographic
areas with differing salinity levels and types of fish species awvailable,
provided the entry point is an adequate indicator of the general area for
fishing.

Because of the significantly different characteristics of Albemarle Sound
end Pamlice Sound, the demand models treated trips that launched from the

mainland in the two Sounds differently. Thus, these correspond to our first
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TABLE 5.1

Sample Distribution for Boat Fishermen
by Coastal County and Launch Foint

Coastal Launch Composite Number of
County Point Site Observatiens
Beaufort 701 Pamlico 8
702 Pamlice 1
713 Famlico 7
7186 Pamlico g
717 Pamlico X
Camden 402 Albemarle 1
404 Albemarle 18
Carteret 612 Outer Banks £
820 Outer Banks 1
Chowan 301 Albemarle &6
302 Albemarle 20
303 Albemarle 2
305 Albemarle 6
Craven 803 Pamlico 15
Dare 408 Albemarle 5
502 Outer Banks 28
504 Outer Banks 234
506 Outer Banks 2
601 Outer Banks 2
604 Outer Banks 1
605 Quter Banks 7
807 Outer Banks &4
608 Outer Banks 15
619 Outer Banks &
Hyde 615 Pamlico 7
6l6 Pamlico &
618 Pamlico 3
Pamlico 614 Pamlico 30
802 Pamlico 6
804 Pamlico 5
805 Pamlico 30
Pasquotank 403 Albemarle 1
Tyrrell 310 Albemarle 3
311 Albemarle &

Washington 308 Albemarle 32




two sites. Equally important, the Cuter Banks entry points are alsc gquite
different from the other two areas. Because of the differences in loeal
conditions and points of access, the launch sites In this area were ineluded
in a third group as our third site even though the fishing wichin the barrier
islands would be in one or the other of the two Sounds. Separate models wers
estimated for each of these three areas (which we will refer to as Albemarle,
Pamlice, and Outer Banks).

The specific details of implementing these models are important, because
earlier studies have also used aggregated sites. In our case the travel cost
and characteristics of launch points vary based on the characteristics of each
respondent (and his trip) and the specific entry peoint that was selected. The
process of grouping entry points into what we have referred to ss a composite
site is then simply a restriction on the demand parameters. Thus, ewven though
the implicit price tc reach the Outer Banks entry point for one individual may
differ from another, the effect of & small change in that price on our measure
of the quantity demanded is the same for all sntry points included in the
"s:‘_t:ﬂ."{+ Thnis same assumption will be maintained for each of the specified
determinants of site demand.

This appreach contrasts with the approaches that have been used in the
literature. For example, the Bockstael et, al. [19B6] analysis of marine
fighing in South Carolina aggregated trips each individual made to several
different entry points and then constructed an aggregate price index to
measure the implieit price. 1In contrast, Morey et. al.’'s [1288] random
ucilicy model used distance from each respondent's origin county to the same
location in each coastal county to measure the implicit costs of trips to

sites.” Copastal counties were treated as the sites. Both of these approaches
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reduce the wvarisbility in the impliecit prices individuasl recreatienists paid
for their trips.

Our approach has an additional advantage over these methods. Because thers
are variztions in the conditions at each entry peint, this grouping of launch
points allows us to investigare whether these differences in conditions were
important features to individual’'s demand. Recall that Chapter 4 described
the estimation of catch rates by entry point and the development of fairly
crude proxy measures for the envirommental guzlity of sites based on several
different estimates of the pollutants entering the sounds. These are the
features we can use to evaluate how demand responds to msasures of the gqualicy
of launch polnts.

This formulation is comparable to the so-called regional travel cost models
discussed in Chapter 2. However, there are some important differences between
our medel and these earlier efforts., Most previous implementations of
regional travel cost models have covered a much larger geographical area. For
example, Sutherland [1982] combined recreation experiences from several states
in the Northwest, and Loomis, Sorg, and Donnelly [1986] considered fishing
throughout Idaho, although they also considered some smaller areas. The three
areas used in the current study are much more localized, so there may be less
of a problem with important differences that cannot be measured. Also, some
regional travel cost studies (e.g. Sutherland, [1982]) have considered several
types of recreation within the area, whereas we only consider marine
recreational fishing. Because we are estimating a derived demand for a site’s
services, this homogeneity in activities undertaken at the sites makes the

grouping more plausible.



There is also a close correspondence between our model and the wvarying
parameter framework initially proposed by Vaughan and Russell [1982] and
subseguently applied by Smith and Desvousges [1985, 1986]. However, just as
our model differs from the usual regional travel cost models, our analysis
also differs from the usual varying parameters model sinece the locations are
in close geographic proximity and the activitles are comparasble. Most varying
parameters models have used large regions (some as large as nationwide).

Because the grouping of entry points plays an important role in our ability
to investigate the Influence of the quality of fishing conditions for site
demands, the Implicit assumptions cennecting our empirical demand models to
underlying behavioral functions should be considered. Different theoretical
models can generate the empirical models we use. One possibility would be to
edopt the conceptual arguments used to explain the implicit theoretical
restrictions underlying a2 warying parameters model., These models have often
used a two-stage estimation preocedure: first estimating a travel cost meodel
for each site, and then attempting to explain the differences in the estimated
parameters associated with each specified determinant of demand across sites
with a set of characteristics of the sites (Vaughzin and Russell, [1982]; Smith
and Desvousges, [1%86]). The logic underlying these models is similar to what
we discussed in Chapter 2 in that it assumes all sites' services can be
converted into 2z single scale, once the site characteristies are known.
Moreover, the form of the conversion function must be simple with the
homogeneous measure of site services, say V¥, a multiple {h{aj}} of each
site’'s services, say vj, that changes with the attributes {aj} of each site,
a5 in equation (1}.

V& = hia. « V. 1]
o L (
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The overall implication of this framework is that all substitution
possibilicies are captured through the h{+) conversion function.
Recreztioniscs select the least cost site for obtaining the homogeneous
services measured in terms of these effective units. This usual wvarying
parameters model is not especially appealing for the Albemarle-Pamlico Scunds
bhecause of these assumptions of homogeneous services and the absence of
substitution possibilities. However, one could assume there were significant
differences between the Outer Banks, Pamlico, and Albemarle areas, but within
one of those areas the coefficient of price would be influenced by the guality
of the launch site. This would avoid the necessity of accounting for the
possibly unguantifiable differences between the three areas. It also allows
for the possibility that the implicit prices of recreation in the substitute
areas influence the demand for recreation.

The number of wvisits to each launch site {?i for launch site i, where Ui
could be & transformation of the number of wvisits such as the natural
logarithm of wvisits) is explained using travel cost, income (¥Y), the price of
substitute areas (5), and other relevant variebles:

vi = a + bi-TGi + oY + d-5. (2)
Here the subscripts for the Individual observations are omitted, as are the
error term and the other variables that may influence the site demand. It is
assumed that the characteristics of the site explain differences in the
coefficient of travel cost so that b has an 1 subseript. A full varying
parameters model would allow the constant and income coefficient te vary with
the site characteristics as well. We tested specifications with the constant

varying with cztch (catch entering separately), although that iIs net shown in
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the equation used here. ©CQur reasons for neot having the income coefficient
wvary with quality are discussed below., The coefficients hi are explained by
the characteristics of the sites (expected catch rate, CATCH, in this
example):

by = a + BeCATCH. (3
& single-stage estimation technigue combines these two =quations, and
estimates

'\-"i = z + cx-'f':i + ﬁ*TCi-CATCI—! + o+Y + de5; (4)

An alternative theoretical model that could generate a related estimating
equation transforms the number of wisits in the direct utility function by
incorporating guality in & specific manmer (see Bockstael, Hanemann, and
Strand, [1%86]). This technigue is eclosely related to the methods used for
incorporating demographic information in the estimation of systems of demands
{(e.g., Pollak arid Wales, [1976]). Of the wvarious transformation techmiques
available, the model implied by translating can yield demand equations similar
to what we have estimated. More specifically, assume that an individual's
utility depends on the number of visits to a site Vi' and a term that depends
on the quality of the site, f(catch rate), with the catch rate used as our
measure of quality. Thus, ?i is replaced by ?i + f{eatch rate). With this

change the general form of the demand funection would be given as eguation (5).

D{TC, CATCH, Y) = DG{TC, Y - TC+£(CATCH)) - £(CATCH), (3)
where Do{'J is & demand function derived from the basic utility function and
D{=} is the demand function incorporating quslity. Thus CATCH enters

separately as well as multiplied times travel cost and subtracted from income.



1f the income term enters the estimated demand function linearly, then CATCH
BATE will enter linearly and in an interaction term with the price (in our
case the travel cost).

A third potential approach to investigating the role for quality in a
recreation site demand model would be te ask under what conditions would we
expect that the use values assoclated with that site capture the full waluve of
the quality? Recently Bockstael and McComnell [1987] have considered this
question. The answer follows as an extension to what Maler [1984) termed weak
complementarity.

Weak complementarity arises when an Iindividusl's walue for a non markeced
good or service is linked to the consumption of another commodity in a
specific way. The specifiec linkage implies that the non-marketesd service is
not valued if the other commodity is not consumed.

In our case, this means that we would assume improvements in the quality of
the sounds are not valued by recreatiomists if they don’t use the areas. At
first, this assumption may seem quite reasonable. However, there are
situations in which it would omit a substantial share of the benefits of a
quality improvement. When individuals are concerned about the quality of the
area, independent of any plans they have for using it, then nonuse values will
also be important components of the benefits generated by policies to enhance
the quality of the sounds. These benefits cammot be measured with travel cost
methods. Only survey techniques provide the means to recover this component
of nonuse wvalues.

Thus, if we assume that the only reason for vzluing quality enhancements is

because of recreational uses (and in our case only marine fishing) we are



adopting & conservative strategy for benefit estimation - one that is likely
to understate the benefits of guality improvements.

Using this strategy we might consider formulating a model specified so that
guality satisfies the conditions reguired to use these demands to measure the
full walue of & quality improvement. Bockstael and McComnell summarize these
conditions drawing upon Miler [1974] and Willig [1978]. More specifically,
Willig demonstrated that if the services of the recreation site are not
essential to the conmsumer {i.e. & zero consumption level is feasible), quality
and the services of the recreation site are weak complements (in Maler terms);
end if the consumer surplus from a quality change per unit of use is
independent of income, then the area between Marchallian demand functions
defined by the two quality levels associated with the quality change will
measure the value of that quality ::'l'mrng,e‘:'r This implies that if we assume
there are interaction terms between quality measures and other determinants of
site demand, these should not involve income. Otherwise we would not have a
complete measure of the value of a quality change.

Of course, it is important to recognize that in practice we simply do not
know whether this assumption is correct. Our strategy is to maintain it. To
assure consistency in our benefit estimates and because of the associated
regquirement of weak complementarity, we are developing conservative estimates
of the benefits of a quality change.

To meet this requirement and follow the general logic of a regiomal travel

cost model, we might hypothesize that our site demand function for cur site

was piven by egquation (6).

InV, =2 +bTC. + ¢ STC. + 4 ¥ {6)
J ] J



(7]

where!

Vj = visits to site j

TC. = travel cost (including wvehicle and time cocst) to site j

STCj = gne (or more) substitute site's travel cost that are relevant
to site j

b4 = income

This structure would imply that a, b, and ¢ could be expressed as Iunctions
of measures of site quality, and d would not. Of course, only z specification
that allowed a and b to be functions of quality would also be consistent with
the method of translation used to incorporate guality wvariables Inm utility
functions.

Overzll, the net result of this discussion is that there are conceptual and
practical implications of specifying a role for guality in consumer demand.

As Bockstael and McConnell [1987] have indicated, there is not one specific
role for guality in preferences that dominates others., What is clear is that
our ability to measure how individuals' wvalue quality, in the zbsence of
observable price differences across quality differentiated goods, is affected
by what we are willing to assume,

We have suggested several of the current arguments for alternative
treatments of quality. Our preferred hypothesis is one that will yield
consistent (and likely conservative) estimates of benefits. Of course, one
might alsoc argue that we could test for a role for quality by comparing
alternative models and measures. We have done this. However, it is important
to recognize that the collinearity generated by treating quality measures in
combination with slternative sets of wvariables will impede our zbility to

discriminate between them. Consequently, as a practical matter, judgment

i
2
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& priori conceptual criteria are often the only standards that can be applied
in practice to select a form. Such selections should be evaluated to
determine whether they affeet in important ways the conclusicns derived from
the analysis.

The criteria for selecting a functional form for the travel cost demand
model are equally diverse. As we cbserved in Chapter two, & consensus form or
procedure for selecting one has not emerged in the literature of model
selection or, more nmarrowly, from the practice of estimating travel cost
demand models in different applications. HNonetheless, it does appear that the
semi-log specification has often emerged as a preferred specification. We
considered it as well as a linear model (see the appendix 7). There was a
clear preference, in terms of our ability to estimate the effects of own
price, substitutes' prices, and quality for the semi-log specification,

Can a system of semi-logarithmic demand equation be derived from a well-
behaved utilicy function? In general, the answer is no. Nonetheless we can
develop consistent measures of the welfare change associated with a change in
the conditions of access to the resource. That is, if we assume that the
prices of goods other than recreation move together so that they can be
aggregated to form & Hicksian composite commodity with only two goods,
mathematical integrability problems are all but eliminated. This is the key
insight provided independently by Hanemann [1978] and Hausman [1980]. The
implications for our particular specification have been developed by
Bockstael, Hanemann, and Strand [1986] and Smith and Desvousges [198&] who
demonstrate that a gquasi-indirect utility function can be derived from the
semi-log form so it can be used to measure the Hicksian consumer surplus for

price changes. In the notaticen of equation (6) this function is given as:



U(TC,Y) = [-exp(-d¥)]/d - [exp(b+TC + a)/b.]

P
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where a = 2 + ¢ STC
Roy's Identity can be used to verify that this indirect utility function gives
rise to a semi-log demand equation. Economic integrapility regquires that

8
b 4+ dV be less than or equal ro zero.

53 Empirical Resulfs

A ecrucizal wariable in demand estimation is price. As we observed in
Chapter 2, the kev insight of the travel cost model arises in the recognition
that travel costs can serve as an implicit price of using a recreation site.
These costs include costs thst are specific to the site visited. These
include the wvehicle relzted travel costs, copportunity costs of travel time and
the fees for using boat launches for a owners' private boats or charter fees
for those using commercial boats. To estimate these costs requires
essumptions about the meode of travel, speed, and vehicle costs. (See Chapter
4 for the details.) Converting travel time to time cost requires information
on the value place on travel time by the individual. As Chapter 2 indicated,
most studies on the walue of time have found that the walue is related to the
wage rate, although the relationship has wvaried. The models reported here
have assumed that the opportunity cost of travel time was walued at the wage
rate measured in two ways - from a hedonic wage model and from household
income (see Appendix 7). Models were alsc estimated wvaluing time at one-third
the wage rate with some differences in the results. Overall, the models did
not indicate as strong a relationship to trips and were not pursued further in

our analysis.
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Given estimates of the implicit cost of making a trip to the specific site,
it is also important to consider if each respondent should be assumed to be
responsible for these full costs. Equally important, the survey asked the
number of days the individual would be in the area as well as the number of
days that would be spent fishing. The travel costs (including time costs)
could be zllocated to the fishing experience according to the percent of time
onn the trip that would be devoted to fishing. To address the responsibility
for trip costs, & second cost allocation issue must be considered. It will
depend on the make-up of the party. When the party is all family members, all
travel costs can be attributed to that household; but when the parcy members
are unrelated, we might assume that the costs are shared by the party members.

The nature of the questions asked on the survey created a problem in
clearly distinguishing these types of parties. The questiomnaire identified
situations when there were family members in the party, as well as when there
were nonfamily members in the party, but it did not allow us to determine how
many of each type. Thus, costs could be allocated if the party was all family
or all non-family, but not If there was a mixture of the two types. This
reduced the number of usable cobservation for those models where we allocated
the non-time-related travel costs based on the sample composition when costs
were allocated this way.

There sre good reasons to question these allocations. The first and most
important of these follows from our discussion of the limitations of our
measure for the quantity demanded. Any allocation procedure we use assumes
that the features of the trip when the Sea Grant interview was undertaken

accurately characterizes all of that person's trips during the last year.

This means that any features important to the allocations we have considered
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must be identical for all of these trips. For example, if the trip of the
interview involved a party of four nonfamily members we might zllocate the
vehicle-related travel costs and fees in four shares, so the respondent'’'s
travel cost would be the cpportunity costs of travel time plus one-fourth of
these fees and other travel costs. We would need to assume that this same
allocaticn governed all his trips in the past year. Similarly if the current
trip was with family members, we must assume all of last year's trips would be
the same.

& gecond qualification arises in our computation of costs for family
members. If the family decided upon recreation trips as a unit, then we might
also consider treating the time costs as having contributions for sl1l1 adult
members of the party. This was not done in our evaluation of the family

costs. We do not have sufficient information on the other party members to

impute wage rates to them. Nonetheless, this would be an issue to consider

e
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more complete information were available. The regressions reported in this
chapter use the prices imputed from the hedonic wage study with no costs
allocations because of these qualifications. In Appendix 7 the results with
other price definitions are presented.

The catch wariable alsec requires some discussion. For each person surveved
as they returned to the launch site, the number of fish caught and used for
bait were solicited. This record is for the party as a whole and reflects
their experience during the trip when the interview accurred.g This wvariable
rill reflect both the overall availability of fish and the effort each party
has expended to catch them. Effort involves both time and gear inputs. While
the survey included information on gear, there were not sufficient

observations in our sample to allow meaningful disaggregation. Thus, we



cannot account for the potentizl effect of this fa::or.lD We do have
information on the time spent fishing and the party size, so we measure a
catch rate using the total fish caught (in all of the above categories
reported) per psrson per hour.

Ideally, we would like to measure the perceived quality of a site by the
individusls' expectations sbout the amount of fish, their type and quality
{e.g. likelihood of catching particular fish, the size distribution, ete.).
This expectation is what would govern site selection. This infermation is not
available. Consequently we have assumed that each person's expectations of
fishing quality (in all these dimensions) is adequately captured by an aversge
of the zctual experiences of respondents launching from each of the entry
peints. Thus, we have entry-specific, average catch rates. This average
catch rate over all fishermen wusing a site was assigned as the expected catch
for that site. While our final measure uses all fish caught, three different
average measures were considered: £fish kept; fish kept or released; and fish
kept, released, or uséd for bait., The last of these was used because it
proved to have the greatest explanatory power.

When the prices at substitute area were desired, these were formed by
cezlculating the travel and time cests to all sites in the alternative area for
each respondent. The average of these costs plus average launch fees (5.40
per trip) was used as the price of the substitute area. For each aresa there
were two substitute prices. For example, in the Outer Banks area the two
substitute prices are the average cost of using sites in the Pamlico and

Albemarle areas. This formulsastion is consistent with our treatment of each of

these groups of entry points as composite demands. Each entry peint is an
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equally likely substitute from the individual's perspective and can be viewed
as a composite commodity.

Before discussing the specific estimates and thelr implications two further
issues arising from our measure of the quantity should be considered. First,
because the data source is an intercept survey we do not observe individuals
who do nmot visit the site., In economic terms we do mot learn sbout the choke

ce at which the gquanticty demended will be zero). As we discussed in

1o

price {pr
Chapter 2, this implies some adjustment in the estimator is warranted.
Crdinary least sguares (OL5) will, in theery, be biased. The specific form we
have used for the demand function, a semi-log function with the log of trips
as the dependent wvariable, may be less subject to this problem, because it
does not have a price intercEpt.ll

In practice the effects of this truncation at one trip will depend upon the
actual distribution of trips reported by respondents. In our case, the
assumptions involved are somewhat different than the typical case because our
quantity is for the last season, rather than & report of expected trips (past
and anticipated future). We have treated the problem as one inducing a
truncation (e.g. this year's sample is representative of last year's) and
utilized the maximum likelihood estimator, adjusting for truncation effects as
described in Chapter 2. Eecause our respondents reported one or more trips in
the previous vear (implying a2 leog (trips) = 0), we use a' small
negative value as the truncation point and thereby include observatiems with
cne trip.

& second concern arises from the length and objectives of these trips.

e our cost zllocations considered several possibilities, in this case the

=
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allocation is limited by several considerations. We must assume all of last
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yvear's trips are the same as the one described for the Interview. There are
two important aspects of these allocations from a theoretical perspective.

The first concerns the objectives of the trip (and parallels the issues raised
by Haspel and Johnson [1982] and discussed in Chapter 2), while the second
relates to the nature of the prices for cur measures of site services. When
trips have objectives other than fishing, there is a need to allocate costs to
each objective. Tvpically there is no theoretically correct way to allocate
joint costs. When the trip accomplished multiple objectives (i.e. produces
maltiple outputs in a household production framework), any allocation of the
joint costs will be arbitrary. We considered allocating costs based on the
fraction of the total trip length that was spent fishing.

The second theoretiecal concern also relates to trip length. To the extent
trips are of different lengths across respondents, we must consider whether
the assumption of a fixed price per unit of site use (differing according to
respondents’ locations and opportunity costs of time) Is reascnable. In a
model of individual behavior this implies that there are fixed and variable
costs of trips with varying length. In principle this leads to the potential
for a nonlinear budget constraint and the inability to define conventional
Marshallian demand functinns.l2

If we can assume all trips are the same length, we avold these issues.

Once again, our sample is too small to subsample by length of trip, estimate
separate demand functions, and then maintain only that all of last year's
trips were the same. Instead, we report two alternatives: a demand model
where the implicit price is adjusted for the proportion of time spent fishing,
as well as where the trip costs are allocated by party composition, and a

second model using the original implicit price concept but instead proposing
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an approximation to the Smith-Kopp arpgument by considering only those
respondents within 200 miles (400 miles round-trip) of the entry peints. The
argument for using travel cost as a gauge of the extent of the market relies
on the homogeneity in length of trip, prospects for multiple-cbjective/
multiple-destination trips and other considerations that are implicit
assumptions of the model, as we have already discussed in Chapter 2.

Among our three samples (for the three ccmposite sites) this is only a
meaningful restriction to the sample with the Outer Banks site. As we
suggested in Chapter 4, most of the recreationzl fishing in the area is local.
We report two sets of estimates - full sample and respondents within 200 miles
for the Outer Banks demand equations.

The demand estimates for each of these areas - QOuter Banks, Pamlico and
Albemarle - will be described in turn. The results for ths Outer Banks, where
there were the mest observations, were quite good with the important wvariables
having the anticipated signs and being statistically significant at fairly
high lavels. The results for the Pamlico arez with the selected regrassions
were generally of the right sign, although in some cases the statistieal
significance was less than for the Outer Banks. On the other hand, the
results for Albemarle were largely noninformative and not consistent with
conventional demand models.

Table 5.2 defines the wariables used in our analysis and reports the means
for the samples used with each of our composite sites. Our model development
followed a sequential process, beginning with fairly simple specifications
including only one price - the implicit own price or travel costs to each site
- and a measure of household income, To this specification we added

demographic and socioeconomic variables that have been found to be significant
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TABLE 5.2

Variable Definitions and Means by Samplen

Variable HMeans
Namsa Definition of Variable Outer Banks Pamlico
Trips The number of trips the respondent 3T 35.3

reported taking for fishing in the
season preceding the interview.

Travel Ce5:b The sum of wvehicle related travel §203.77 92.13
cost (.20 x round-trip distance
measured from designated location
in origin county te entry point)
plus the opportunity cost of travel
time (predictad wage rate times
estimate of time assuming 40 miles
per hour speed) plus reported fees
(launch or charter).

facome” Household income derived from the 32,174 31,759
the reported interval codes in the
N. €. Sea Grant Survey.

Years Fishing FNumber of years respondent indicated 24.1 24.4
he (or she) has undertaken sport
fishing.
AEe Respondent’s age in years 43.7 45
Boat Ownership Qualitative wariable indicating .87 .90

whether the respondent indicates he
owns a boat (1 = owns, 0 = otherwise).

Catch Rate Average of the total reported fish 2.63 2,89
caught per person per hour for zall
respondents using each of the entry
points; calculated for each entry

point.
Pamlico The average value of wehicle relacted 177.530 -
Travel Cost travel cost and opportunity costs of

time for entry points identified as
in Pamlico site; caleulated for each
respondent plus $.40 cents (the
sample average launch fee)
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Table 5.2 (continued)

Variable

Means
Name Definitien of Variable Outer Banks Famlico

Albemarle The average value of wehicle related 161.83 129,07
Travel Cost travel cost and opportunity costs of

time for entry points identified in

Albemarle site calculated for each

respondent plus 40 cents.
Outrer Banks Thne average value of wehicle related - 184.01

Travel Cost travel cost and opportunity costs of
time for entry points identified Iin
Cuter Banks site calculated for each
respondent plus 40 cents,

a

The means for Albemarle subsample are not reported here because the

models are not used in subseguent analysis.
b

Because the two surveys actually fall within a seventeen menth period
with percentage change the consumer price index for recreation related
commodities we have not attempted to adjust for the modest cost-of living
effects Induced by the different years of the survey and trest it as a simple
decisicon periecd from the perspective of price calculations and income.
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influences in other studies, as well as our catch variasble, entered in =
linear, additive form. Table 5.3 reports selected results for the Outer Banks
site, estimated with ordinary least squares. It Includes two models for the
two samples. A semi-log demand with own price, income, vears fishing, age of
the respondent, and a qualitative wariable for bost ownership is the first
demand specification. This same model including the catch rate measure of
fishing guality Is the second. The two samples sre distinguished by whether
respondents travelinz more than twe hundred miles (one way) are excluded.

The first column of Table 5.3 reports the 0LS results with the basie
specification. With the exception of boat ownership, all of the variables have
the expected signs and are statistically significant. As the cost of the trip
goes up, the number of wvisits decreases. 12 fact that the coefficient ef
income is highly signifiecant is particularly noteworthy because many other
recreation demand studies for other types of recreation sites have failed to
find significant income effect. Experience, measured by years fishing, has the
anticipated positive effect on the number of wisits. The coefficient of age
seems reasonable when one considers that the years fishad variable is
correlated with age and provides & proxy for interest, so age may capture the
effects of time constraints. While this is a common finding in travel cost
demand models for many types of recreation facilities, few of the examples
cited in Chapter 2 can be used to compare these estimates with. Most of the
complete models are random utility frameworks designed to explain site
selection for each trip occasion as an independent decision. Moreover, few
contain age in their demographic wvariables. Only Milon [forthcoming] included

age, and he also found a negative effect on the offshore/near-shore choice



TAELE 5.3

Outer Banks Demand Models:
CLS Estimates for Basic Models
Dependent Variable: Natural Logarithm of Trips

Full Sample Within 200 Miles
Independent
Varisbles (1) {2) (3) (4)
Intercept 3.126 2.805 3.3868 3.390
(10.182) (6.422) (8.895) (6.267)
Teavel Coet - .11x10°2 -11x10°2 < SET0T 2 . .54x1072
(-2.833) (-2.856) (-3.448) (-3.435)
TS .10x10~% 10x10"% A3xto™® 13x10" 2
(2.832) (2.846) (2.728) (2.718)
Years Fishing 036 .0386 030 .030
(6.143) (6.041) (3.812) (3.776)
Age _.027 -.027 ..021 -.021
(-4.027) (-3.898) (-2.278) (-2.252)
Boat Ownership =107 -.120 -.135 =134
(-0.578) (-0.643) (-0.560) (-0.556)
Cateh Rate  <==ce- A eessee -.05x107%
(1.035) (-0.004)
i 252 252 150 150
g? 188 191 196 .196
F 11.37 9.66 7.00 5.80

8The numbers in parentheses below the estimated coefficients are the t-ratios
for testing the null hypothesis of no association. A wvalue of 1.956 in absolute
walues indicates this hypothesis can be rejected at the 5 percent level.
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in his nested logit model.. Among the early recrzation studies, Ciechetti, Seneca
and Davidson [1969] found that both the likelihood of engaging in fishing (of all
types) and the level can be negatively related to age. Their level of
participation equation exhibited & parabolic effect for age with inicial decresses
13

and then increases after zbout 45.

When the same specification was used for the cobservations with

in 200 miles,
the results were quite comparshle. The magnitude of the coefficient of the price
varisble increased substancially in absolute value, and its statistical
significance increased still further. Ome basis for comparing the models that is
especially relevant to cur overall geoal is the implied estimates of the consumer
surplus per trip with changes in sample composition and other modeling
assumptions. This is an easy comparison to mske for the semi-log form. The
consumer surplus per trip will be the absclute wvalue of the inverse of the price
wvariasble's ::v|:>ef£it::i.ﬁ_»'.n.t.llEF AL this simplest lewvel, the Marshallian surplus is
guite sensitive to the sample used: $909 versus $185 for the model based on
respondents within 200 miles. We return to this issue below in evaluating our
final models for each site,

When the specification was changed by adding the average catech rate for the
site, the effects on the coefficients of the other wvariables wers almostc
unchanged. The coefficient of catch was positive for the full sample, as
expected, but negative for the subsample. In both cases it was not statistically
significant. Thus, at this stage the link with site quality would be judged to be
tenuous,

Table 3.4 presents our refinements in the regressiens for the Outer Banks.

The first four columns are for the full sample, providing OLS and the



TABLE 5.4

Cuter Banks Demand Models: Final Models with OLS and
Truncated Maximum Likelihood (THML) Estimators"
Dependent Variable: HNatural Logarithm of Trips

Travel Cost Models

Fall S=mple Respondents Within 200 Miles
(L (2 (3) (4
Independent
Varfghles oLs o ors oL oLs o aLs T
Intercept 3.153 3.168 3.030 3.038 2.930 2.9% 2.747 2.762
(10.327)  (10.201) (9.921) (9.836) (8.724) (8.721) (7.110) (7.186)
Teavel S2810°2 229107 411072 422077 - 6107 65077 -.01072 . eain 2
Cost (-3.012) (-2.056) (-2.549)  (-2.543)  (-1.884) (-1.913) (-2.709)  (-2.781)
L = i i o5 = i b
S 160™  10x207™ 1207t 0™ 7ea0™ 77107 a0107% 1od0
(Dollars) (2.772)  (2.819 (2.763) (2.818) (1.802) (1.841) (2.257) (2.322)
Years 036 037 033 03 030 031 025 026
Fishing (6.022)  (6.045) (5.705) (5.733) (4.368) (4. 44%) (3.302) (3.389)
B -.0% -.028 .02 .25 ) -.023 -0l -.015
(-3.889)  (-3.938) (-3.586)  (-3.637)  (-2.914) (-2.967) (-1.617)  (-1.671)
at -.126 -.125 - 149 -151 -2 .26 -.198 -.201
Omership  (-0.683)  (-0.661) (-0.823)  (-0.819)  (-1.054) (-1.070) (0.870)  (-0.893)
Catchls* 621077 Le3a0™ 50x107 L6107 271072 28072 12072 1za0?
Travel Cost  (2.041)  (2.062) (1.996) (2.015) (2.181) (2.224) (1.152) (1.196)
Papilfcn = sHesddas edawesak ,56::10'2 .55:-:113'2 ,53:&.0_2 ,851-:.10'2 010 .010
Travel Cost (2.875) (2.863) (3.721) (3.789) (4.186) (4.290)
Obie  Seeawws messsses Sma0? 3607 - em10? - gex10? -40x10 -.40x0°2
Travel Cost (-1.392)  (-1.317)  (-3.400) (-3.462) (-1.048)  (-1.057)
§ 252 252 252 252 185 150 150
g 201 .23 211 298
£ 10.29 9.40 5.88 7.50

®The numbers in parentheses below the coefficients are the t-ratios for OLS and raties
of estimated coefficients to their estimated (asymptotic) standard errors. We have used
the same approximate criteria ss described in Table 5.3 to test null hypothesis of no
assaciacion in both cases,
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truncated maximum likelihood (TML) estimates for each of two specifications of
the model. This first of these includes the catch rate In interaction form
with the travel cost. The second adds to this model the "average" travel costs
each respondent would incur for the other two composite sites to reflect the
effects of substitutes,

This catch rate/travel cost interaction is what our theoretical argpuments
would imply should be censidered. The coefficient is positive and significant
as hypothesized. When both the interaction term and catch racte zlone were
entered, catch rate had almost no effect on the regression, with the other
coefficients staying almost identical and the coefficient of catch rate being
small and statistically insignificant.

Column 2 suggests that the TML estimator has little effect of the
estimates, but it is a more appropriate estimation method, Columns 3 and 4
report OLS and TML estimates for the models with the substitute price terms.
The =sign and significance of the coefficient for Pamlico travel cost indicates
that the Pamlico is a substitute for recreation at the Outer Banks. The effect
of the Albemarle price index is negative and generally not significant.

The next two ecolumns repeat our most general specification (i.e. that of
columns 3 and 4) with an allocated measure of the travel cost. This allocation
involves two separate issues - party composition and activities undertaken
during the trip. We assume that trips composed of family members bear the full
costs of the wehicle-related travel costs, launch fees, and the opportunity
costs of time. As we discussed earlier, those respondents in parties composed
exclusively of unrelated individuals have the costs not associated with travel
time allocated egually among the party and incur the full cost of the travel

time using their relevant opportunity cost of time. In addition, the result of
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these allocations is then attributed to marine fishing depending on the number
of dayvs spent fishing relative to the total number of days in the trip of the
interview. As we noted, these adjustments are assumed to be relewvant for sll
the trips reported to have been undertaken in the year before the survey.

Because this process cannot be applied to parties made up of a combination
of family members and nonfamily members, the sample size is considerably
smzller, Xonetheless, both the CLS and TML models seem to be at least as good
as the models without adjustments to the travel cost., Moreover the Interaction
term between catch rate and travel cost is somevwhat more significant than with
the other models. The signs and significance of other wvariables are comparable
to the full sample with one exception. The effect of Albemarle travel ccst is
now significant but remains a negative effect, suggesting some complementary
relationship that should not be surprising given the geographic relationship
between the sites Involved (see Figure 4.1). Interestingly, the effect of owm
price increases in sbsolute magnitude as we attempt to adjust for potential
shorctecomings in our assumptions from the full sample to the adjusted and then
to the within 200 mile samples. The consumer surplus per trip interpretation
is more cormplex in this case because of the interaction term with the catch
rate, so we defer further discussion of this issue until the end of this
chapter.

The last two models Involve the sample of respondents within 200 miles and
are generally similar in overall implications (aside from the absclute
magnitude of the price coefficient) to the other findings. It is notable that
support for the catch rate interaction term is nmot clear-cut here.

Similar regressions for the Pamlico area are reported iIn Table 5.5, but as

we noted, separate regressions for less than 200 miles are unnecessary since



Pamlico Demand Models:

Dependent Variable:

TAELE 5.5

Simple and Final Models &
With 0LS and Truncated Maximum Likelihood (TML) Estimators
Natural Logarithm of Trips

(2) (33
Independent
Variables OLS TML THL ™
e — 2.858 2.848 3.336 3.343
(5.023) (5.020) (4.458) (h.463)
Travel .. 26%10° 071072 _.013 -.013
ost (-0.641) (0.654) (-3.293) (-3.268)
TG . 50%10° . .51x107° S OIRIHR. 0 ssvass
(-0.901) (-0.924) (-0.400)
Years 019 019 013 012
Fishing (1.984) (2.033) (1.492) (1.437)
Age _.012 ..012 -.007 -.007
(-1.148) (-1.179) (-0.708) (-0.700)
Boat 407 418 075 085
Owmership £1.175) (1.203) (0.236) (0,267
Catchl# S - 11x10”2 11x10°
Travel Cost {1.562) (1.541)
Ourer Banks P e =, 015 =.0186
(-1.912) (-2.184)
Altemeris ik —_ .025 026
Travel Cost (3.614) (3.926)
% 108 108 108 108
r2 .06 s i o
F 1.30 Sz o o

a 2

The numbers in parentheses below the coefficients sre the t-ratios for OLS
and ratios of estimated coefficients to their estimated (asymptotic) standard
errors. We have used the same approximate criteria as described in Table 5.3 to

test null hypothesis of no association in both cases.
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almost all trips to the Pamlico area originated within 200 miles. The resiilts
are somewhat less robust than for Outer Banks. With the incomplete
specification in Column 1, the price coefficient is insignificant. Only when
the more complete specification is used, Including the Iinteractien term and
substitutre prices, do we find estimates somewhat comparsble in quality to the
Ourer Banks models. The magnitude and significance of the price coefficient
inerease substantieglly in absolute value terms. The catch interaction term has
the expected sign and magnitude, but the statistical significance is less than
in the Outer Banks estimates. The last column of Table 5.5 was added to gauge
the effects of deleting income, because the coefficient of income
was not significant and had a negative estimated effect on demand. The last
column reports the TML regression with income omitted, but the results are
unchanged.

A few of the results for the final area, the Albemarle, are reported in
Table 5.&6. These regressions indicate that there is & problem with the data or
the model in this area. The coefficient of travel cost is always positive and
sometimes significant, while the coefficient of Income 1s always negative.
Catch rate has an estimated ccefficient that is significant, bur unfortunately
it iz negative. Because of these results, further analysis of the Albemarle
szmple was not pursued,

One methed for comparing the results of these demand models across the
alternative estimates for each composite site and between sites is in terms of
their implications for the own price elasticity of demand and the consumer

surplus per trip.



TABLE 5.6

Alternative Models
Albemarle, All Observations
Dependent Variable: LNTRIFS

Model 1 fodel 2 Model 3
Intercept 2.9861 2.971 3.3879
(12.653) (7.202% (7.930)

Travel Cost 0037 0035 004
(1.936) {1.819) (2.146)

Income {-5.503'5 -2.90x10"° -2.80x10"

{D.73%) (0.384) (0.3786)
Yesars Fishing L0152 L0187
{1.3958) (1.760)
Age -.0103 -.0101
(1.033) {-1.048)
Catch Rate -.0741
(-2.798)

n 118 116 116

r? 034 .051 114

F 2.004 1.482 2.B25

1=
Lad

Pt



Table 3.7 summarizes these findings. Two important cenclusions emerge
from these compariscons. First, the model based on a complex cost allocation
rule, ineluding consideration of the stated time azllocation of the interview
trip and the composition of the party impliss a pesitive own price elasticity.
Thus, while the results appeared plausible in terms of the signs and
statistical significance of the estimated demand parameters, the estimates
incorporate too lserge a responsiveness to site gquality. These computations
were developed for the average catch rate, so they are not a result of
extrapolating ocutside the range of sample experience. Because of this
contradiction with an economic medel of individual behavier (and especially
because of the dramatic inconsistency with all our other estimates for the
Outer Banks site), we have dropped this model from further consideration,

Second, the comparison of full versus restricted sample for the Outer
Banks site indicates comparable price responsiveness but much larger consumer
surplus estimates per trip for the full sample model. The estimate for the
full sample would fall cutside the range experience of mest demand studies when
converted to comparable dollars. This sensitivity of consumer surplus
estimates per unit of use is consistent with recent research. Both Adamowicz
et al. [1989] and Kling and Sexton [1989] report similar findings. Because the
semi-log estimate of consumer surplus per unit is simply the asbsolute wvalue of
the inverse of the coefficient for the price, small changes in the coefficient
{especially if the magnitude of response of demand to price is small) will be
accentuated in the consumer surplus estimates.

Recently, Smith [[19892] used earlier research on the properties of

nonlinear functions of random variables to explain this sensitivity. The



TAEBLE 5.7

Demand Elasticities and
Marshallian Consumer Surplus Per Trip

Own Price Marshallean
Elasticitg of Consumer Surplus
Demand Per Trip
Outer Banks
Full Sample -.528 £385.98
Within 200 Miles -.684 163.02
Allccated Costs +.079 -
Pamlico
Full Sample - 897 102.71

a i
These estimztes are computed
site along with the average travel

using the average catch rate for each
cost.



inverse of the estimated price coefficient is s random varisble whoss
distribution has no finlte moments. Thus, the instability is not surprising:

At the same time, however, the Information it provides as 2 screening
device can actually improve the gquality of the benefit estimates. Smith
considered this issue in a preliminary set of sampling experiments and found
that screening ordinary least squares estimates based on this consumer surplus
estimate car improve their properties. Thus, wit this background research and
the fact that tha screened sample's estimates are more consistent with the

existing literature, we have a slight preference for the model estimated using

a sample of respondents within 200 miles.

5.4 Summary

This chapter has summarized the first set of estimates for the demand for
marine recreational fishing in the Albemarle-Pamlico estuary. Owverall, the
empirical analysis has been quite successful, despite data limitations.
Statistically significant and economically plausible demand models have been
estimated for twe composite sites. Moreover, the models do incorperate the
effects of fishing quality as a potential determinant of individual demand.
The overzll implications of the models were generzlly stable and consistent
across different specifications of the demand functions. The only notable
exceptions to this conclusion arise with the need to explicitly account for the
prices of substitutes and the form of the quality wvariable's influence on
demand (i.e. as an adjustment to an individual’'s responsiveness to price

changes). Finally, this form satisfies Bockstael and McConnell's conditions

y

or developing consistent monetary measures of an individual's value of a

guality change. Thus, the models can be used as a preliminary basis for



measuring an important component of the recreational fishing values of

zlternative management policies.

[
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Chapter 5

FOOTNOTES

Wilman's [1984] study of recreation in a large national park, The Black
Hills, in North Dakota 1s a notable exception to this, The limited access
points and substantial distance separating the areas involved could have easily
justified treating the wisit rates separately.

I course, we might also expect that the arsa that can be accessed from
ny entry point will depend on the type of boat available to fishermen.
arger, more powerful boats can cover wider areas. This issue is one that
could in principle be considered with this survey, but not with the
conventionzl model, bacause it implies the type of equipment -will offset the
selection of launch points. We do not attempt to model thizs decision jointly
in our analysis. Within & random utility framework, it would be possible to
explore these types of issues,.

(ST

-

3. This input was obtained from the public meeting held in Morehead City,
N. €., Jsnuary, 1988 at an early stage in the development of our analysis.

4, Of course, the implicit price can vary because of differences in the
distance or in the copportunity costs of travel time across individuals.

5. For further discussion of the issues involved see Smith [1987!, Freeman
[1988] and Randall [1988].

6. More formally, Beockstazel and McConnell [1%87] develop the argument in
terms of indireet utilicy funetions and require that

a v
AN - S I
- N
aw D

where V_ = parctial derivative of the indirect utility function with
respect to quality (q)

V_ = partial derivative of the indirect utility function with
respect to the price of the wezk complement (in our case the

travel cost)

income

e
]

—S - the incremental consumer surplus for a change in quality

. —£ - the Marshallizn demand for the weak complement (by Roy's
v identicy)}



=i
.t
c

1;..!
Thus, - — = the negative of consumer surplus of a quality change per
?p unit of use of the recreation site.

Thus the Willig condition simply requires the gain from a quality change per
unit of use of the complement to be constant,

7. As we observed in Chapter 2, there is some evidence that the consumer

surplus estimates are more sensirive to the parameter estimates for the own
price varisble. However, we would argue, this result is at least partly a

function of the way the Adamowicz etz. al. [1989] study was designed.

8. Economic intergrability is simply downward-sloping Hicksian demand
functions.
0. In the case of the bank fisherman the fish caught reflects the record as

of the time of the interview and not the full catch for the specific fishing
experience. Because we do not know how much longer they actually fished at
gach location, we cannot adjust to make these comparable to that obtained for
the boat fishermen. O©Of course, this does not infringe on the results we report
here. They concern only the boat fishermen, It does have implicartiens for any
future analysis the bank fishermen's responses to catch as a quality wariable
with these data,

10. This limitation arises both from the sample size and most especially the
number of observations with complete information.

11. This feature is potentially in conflict with the assumption of weak
complementarity, because the model does not allow demand to be zero. It is not
an important issue from a practical perspective because when there is no
interaction between gquality and income and quality only enters in interactioen
with price, site quality will only be valued if trips are taken. It affects
the wvalue per trip. Bockstael and McConnell [1987] fail to mention this issue
in their discussion of potential applications of their analysis.

12. Palmguist [1988] has discussed the prospects for developing demand
functions in this case, fellowing an early argument of Hall [1973] and
Diewert [1974] on duality conditions for nonlinear budget constraints.

Smith, Desvousges and McGivney [1983] investigated the implications of a
more ad hoc procedure for treating on site time and found it did nmot dominate
ignoring the issue for all sites. The results were quite mixed.

13. This is an approximate computation because the variable was scaled in
intervals of ten vy=zars each.

14, The specific result is derived in Bockstael and Strand [1987] and Smith
and Desvousges [19B&6]. We develop it In more detail in the next chapter.
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Chapter 6
Valuing Quality Improvements in the

Albemarle-Pamlico Estuary

6.1 Introduction

The gozl of comprehensive management plans mandated by the reauthorized
water quality legislation is to reduce effluent loadings entering estuaries,
Because these effluents have reduced the gqualitvy of estuarine resources over
the past twe decades, efforts to reduce the effluents can be expected to
improve guality. To judge how much reduction is warranted, given the costs
imposed by requirements to control effluents, it is important to evaluate the
benefits provided by these improvements. Thus, one of the primary motivatiens
for considering the quality of a resource in developing demand models for its
services is benefit assessment. Our demand models reflect only one component
of these benefits - the enhanced values to boat fishermen using the Albemarle-
Pamlico estuary as a result of the improvements in fish stocks expected to
accompany reductions in effluent loadings.

From an economic perspective, efficient management plans for any cescurce
must consider both the benefits and the costs of alternative uses of the
resource's ssrvices. At this general level, the economist's wview of
information supporting management plans would hold that an estuary is no
different than any other resource supporting economic activities. Of course,
the implementation of these broad principles raises significant issues. One of
the most important of these gquestions arises in the Iimportance assigned to use-
and nonuse-related values generated by an environmental resnurce.l To the

extent both are expressions of the real preferences of the group whose
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interests are to be served through a management plan (typically the general
publie), then both should be taken intoe account.

Moreover, within the category of use-related services, most estuaries
support a wide range of sctivities as well as other complementary natural
resources (e.g. wildlife resources). Benefit estimates should consider all of
these contributions.

Connecting specific policy actions or elements in a management plan to
measures of the benefits they ultimately yield is a complex process,
Konetheless, the connecting links cannot be treated in isclation from the
economic models of how people respond te changes in the physiczl and aesthetic
features of an estuary and the resources it supports. Figure 6.1 provides an
cverview of the process. Economic responses to the gquality features of the
sounds captured with travel cost demand models are the last component of the
sequence of changes and are identified with the behavioral changes at the
bettom of the figure. The full sequence begins with the plan and its
implications for economiec agents contributing to the effluent leoadings, and
their responses to any limitations it imposes on their activities, and works
through the recle of the natural system, converting changes in effluent loadings
into changes in water quality and the other resources (e.g. fish populations)
supported by the estuary.

In the absence of a full description of all the connecting links in this
process, demand models cannot estimate the benefits of specific altermative
elements of a management plan. Research for the Albemarle-Pamlico (AP) estuary
is in the early stages of developing these elements. Sc at thils stage, we
cannot specifically connect our findings to a set of alternative proposals that

might comprise the elements of a manapement plan. Indeed, even if these links
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existed, we would not want to make such a connection now. Complementary
research we have underway with the support of che North Carolina Sea Grant
Program to evaluate the sensitivity of benefit estimates for improvements in
the marine resources invelved with sport-fishing indicates that the benefit
estimates derived for comparzbly defined improvements in the Albemarle-Pamlico
estuary can span a fairly wide interval.2 We need = more complete
understanding of the sources of these differences before selecting a "best”
methodolegy and set of estimates for policy purpeses. This is clearly the mext
step in this research. WNonetheless, it is possible to illustrate the types of
evaluations that can be undertaken using the models deseribed in Chaprer 5.
This is the purpose of this chapter.

Section 6.2 describes the benefit measure we use and its relationship to
the Bockstael-McConnell [1987] analysis discussed in Chapter 5., In the thicd
section, we describe the benefit estimates for several different hypothesized
changes in the guality of the estuary, as represented by our measure of fish
availability. Section 6.4 presents some results from a survey of
recreationists using the area that we undertock in 1987 with the cooperation of
the North Carclina Division of Marine Fisheries to learn if fishermen's
responses to improvements in fishing conditions were consistent with the

maintained assumptions of our models. Section 6.5 summarizes the chapter.

6.2 Valuing Improvements in Marine Recreational Opportunities

As we discussed in Chapter 5, Bockstael and McConnell [1987] have
developed a general analysis and summary of benefit measures for quality
changes. Building on Willig's [1978] earlier analysis, they demonstrate that

when quality and another commodity (with an observable demand) are weak



complements, when that commodity is nonessential, and when the gquality-induced
change in consumer surplus averaged over the quantity of the commeodity invelved
is independent of income, then the change in Marshsllian consumer surplus
measures an individual's monetary value of the gquallty change.3

We can illustrate the task Involved in developing measures of the guality-
induced change in consumer surplus with linear demand schedules. Implementing
this logle with & semi-log specification raises some questions that we discuss
below,

Figure 6.2 illustrates the linear demand case for trips to a recreation
site supporting marine fishing. The implicit price of a trip for a particular
individual might be P. When quality improves from QU to Q,, as might be the
case with improved fishing opportunities or enhanced catch for a given amount

f efforrc, then the individuzl's demand shifts out from DDD(QU} to D1D(Ql}.
For tls same price P (e.g. wehicle-related and time costs of travel), an
individuzal now can use a fish site where he expects to realize greater
enjoyment of his fishing because of the enhancement in the quality of the site.
This is represented by the area DDDIBA. Under Bockstael and McConnell's
assumptions, this area will be a2 monetary measure of what fishermen would be
willing to pay for the specified Improvements in fishing quality (i.e. from Q
to QI}. It is = use-related benefit. The assumptions of their analysis have
ruled out nonuse for these fishermen. If we interpret this as a full benefit,
then we alsoc eliminate any other nonseparable, use-related reasons for wvaluing
site quality improvements.

Of course, to measure this sres we must be able to obszerve how individuals
have responded to changes in site guality over the relevant range for the

polides ute mdas. Hsistepimydass darmpdig e
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FIGIRE 6.2

Effects of Fishing Quality on Demand for a Sport-Fishing Site
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records of respondents to the Sea Grant survey over entry peints. That is, we
sought to determine whether the wariation in existing conditions across launch
points could explain variations in demand in & format consistent with what we
would expect on theoretical grounds, The situation is not as simple with a
semi-log specification. This formulation does mot have a finite choke price,
in contrast te the graph in fipgure 6.2. Moreover, the graphical analysis
assumes we observe both suffieient quality wvariation and thoge recrsationists
whe would not come at the "prices" they face. We cannot fully resolve all of
the issues raised by the limitations in our data. Nonetheless, on those
guestions associzted with the range of wvaristion in our quality measures and
the numbers of trips taken by our sample respondents, both indicate that these
concerns may not be especially important for our particular application. Our
guality measure is based on the average experience of recreationists (boat
fishermen) using each entry polnt in the Sea Grant survey. It ranges from .44
to 5.87 total fish ecaught per hour per person for Quter Banks entry peints and
frem 0 to 6.8 for those in our Pamlico composite site.

As we noted earlier, the recreation sites comprising the Albemarle-Pamlico
estuary primarilvy support local recreation. Most individuals do not travel
more than 200 miles each way to access the sounds. Many are much closer. This
pattern is consistent with the high numbers of trips that are reported for
fishing each year.& As we discussed In Chapter 4, the average for boat

ishermen using the Outer Banks sites was 29.7 and that for the Pamlico was
33.3. This would suggest that our inability to observe individuals who are
"marginal participants" may not be important to our description of the demands
for the average recreationist using the area. Moreover, it has been possible

to gauge the importance of this using a maximum likelihood estimator and to



recast the benefit measurement task in a format that overcomes some of the
limitations of the semi-log specification. While these considerations support
the general arguments underlying our medel, it is important te reczll our
concern over the way the total quantity question was asked iIn the Sea Grant
survey. We have assumed that the trips reported by our respondents were sport-
fishing and the same as the trip when they were interviewed. We will never
know whether this assumption is correct. These high levels for mean trips
could also be 2 reflection that respondents included all trips in their
responses, not simply those for marine recreational fishing st the same launch
peints. Because of this limitatien, an important component of furure work with
this survey will require eveluation of individuals’ waluations with models less
dspendent on this interpretation of the total use guestioa. Az we report in
Appendix 7, several different functionasl forms were considered for our demand
medels, All of the benefit estimates reported here focus on models specified
consistent with our preferred format--a semi-log using the log of trips as the
dependent variable.

The semi-log form has remained popular with travel cost demand models
because it seems to fit the demand patterns found with on-site surveys at the
micro level. Moreover, it slso leads to a convenient relationship to the
Marsuallian consumer surplus. If we assume & simple demand function as in
equation (1) and ignore the role of substitute sites’ prices and demographice
variables:

In(V) = o, - a.TC + .Y (1)

0 1 p
With V = trips to a recreation site

TIC = travel cost (round trip)

¥ = income



then the consumer surplus (C5) is given as:

Cs = J _ exp (a5 - a,TC + a,¥) dTC (2)
TC

The upper bound or choke price is expressed as infinite (=) because there Is no
finite price thar will lead to zero trips with this specification. As we noted
in Chapter 5, there is no specification for a utility function that would allow
us to anslycically derive the semi-log demand model. Rather, it is regarded as
an approximation. st using this format, we mzke 2 number of simplifying
assumptions. One of the most important of these from the perspective of its
influence on estimates of consumer surplus (see Smith and Kaoru [198%]) is that
we assume the time costs of travel can be treated as a parameter te the
decision process, so TC is also a parameter, As ws= developed in Chapter 2,
there are = variety of reasons for concern sbout how we deal with the
opportunity costs of time. We have selected the wage rate and investigated the
sensitivity of our demand models te this specificstion. Developient of a
detailed model of the decision process, where time costs were treated as
endogenous, is beyond the scope of this research.

Given these caveats, we treat TC a8 & parameter to the consumer's decision
process and derive the simple concept of consumer surplus from the estimated

travel cost demand function. The sclution te equation (2) 1s given in (3):

1
Cs§ = - — exp (nu - alTC + azY} (3)
o
1  —
TC
or
1 —
CS5 = — exp {“g - anC + ngY} {(4)



But exp faﬁ - ale + &EY} is simply the number of trips that would be taken
{the guantity demanded) at a price of TC for a person with ¥ income. Thus the
absolute magnitude of the inverse of the coefficient for the price measures
consumer surplus per crip,

We have used the relationship to calculate the wvalue of a gquality change
under the Bockstael-McConnell assumptions. In our model, each entry peint will
lead to differences in individuzls' demand because of the differences in
guality. To illustrate how this affects our analysis, equatien (1)} must be
replaced by (5):

In{V) = a, - a

TC + &a,¥ + a,TC*CR {53

0 1 3

where CR = the average catch rate for each specific entry point

Thus, for measuring consumer surplus per trip, the effect egquiwvalent to ey is

a, - aBCR. To measure the area EGDIBA in figure 6.2 with our model, we propose
to compute the consumer surplus increment on a per trip basis., As a result, we
are implicitly scaling the two areas in figure 6.2 by different numbers of
trips and adjusting for the increased quantity demanded with enhanced gquality
{and constant prices). Because the model has not been developed to forecast
aggregate trips, this formatf is the most flexible. It allows approximate
aggregate benefit measures to be developed by using it with others’' estimates

of incremental use of the area. Thus, the consumer surplus per trip for

improvements in quality from CR, to CRl is given by equation (6):

ACS(ACR) = . (6)

{al - aECR1J (31 - aBCRGJ
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where ACR = CR., - CR

Qur ability to observe demand responses to guality wariation was resolwved
by pooling respondents across entry points. As we observed in Chapter 5, this
framework can be treated as either a varying parameter model or a form of
regional travel cost demand. What is important for cur purpose is cobserving
sufficient wvariation in qualitcy across entry points to detect an effect and to
span the range of feasible policy initiatives. On the first aspect of this
reguirement, we seem to have sufficient variation to detect effects. For the
second aspect, wWe are more cautious. Our informatiom is ecrude z2nd limited for
the highest quality ranges. Moreover, in the last chapter we indicated that our
estimates of the size of the consumer surplus per trip seemed quite high in
relationship to both past literature and the travel costs. Moreover, we
cbserved rather large changes in consumer surplus per trip as we used the model

for entry points with wvery high levels of quality in each site composite.

6.3 Benefit Estimates for Hypothetical Qualitv Tmprovements

The structure of our demand models allows a wvariety of benefit analyses
for each of our composite sites. The first class of these analyses considers
postulated changes in our quality measure that are described as modifications
for specific entry points. For example, we consider a 25 percent improvement
in fish avallabilicy at a specific site. We examine the gains from improving
conditions at the worst site (in terms of average catch rate) to the average of
all catch rates for all entry peints in the composite site. In esach of these
casas, we are suggesting potenticl improvements without attempting to determine

whether policies could actually yield these changes. Toanswer this guestion



Fd
Lh
o

requires that we fill in the top pansls of Fipure 6.1. is is bevond the
scope of our research.

In order to illustrate how this distinction between postulating an
improvement in fishing opportunities versus a reduction in effluents is
important, we used the information collected on effluent loadings in areas
clese to the recreationists’ launch points to evaluate whether these pollution
measures were related to the catch rates. More specificaslly, with the average
catch rates and pollution loadings for each 35 launch points, we investigated
whether & consistent statistical relationship existed between the catch rate
and one or more oi the measures of effluent luadings.5

The results were limited, larpgely because of high collinearity and the
crude nature of the assignment assumptions used to match the effluent loadings
to launch points. Nonetheless, one simple equation illustrates the type of
linkzge needed to implement a valuation analysis in suppert of these types of
policies;

5 - .246x107% Phos (7
33 {-1.628) 7
R~ = .074

where CR = catch rate - the average of total fish catch
per person per hour at each launch peint

Phos = estimates of aggregate discharge (for point and nonpoint
sources} of phosphorus from coastal counties (in tons per
year)

The numbers in parentheses below the estimated coefficients are the t-ratios
fer the null hypothesis of no association,
By using this simple equation, we can illusitrate the difference between

expressing scenarios in terms of reducing effluent loadings versus In terms of

improving catch rates. This equation is pot intended to be a predictive



relationship. Racther it is an illustration of the importance of the patural
science information required to "fill-in" the middle of Figure 6.1 for
developing benefit asnalyses as an integral component of relating policy to
ourcomes in z management plan for the estuary.

Table 6.1 reports the results of each of these types of scenaries for the
Cuter Banks composite site. Table 6.2 reports comparable results for the
Pamliceo site. Twe models were used for the Quter Banks estimates - the full
sample estimate for the demand functicn and one restricted to those respondents
within 200 miles {one way)} of these sites. The specific equations zre those
from columns 2 and & of Table 5.4. They correspond to the truncated maximum
likelihood estimates. Both tables report the estimated increment to consumer
surplus per trip for each specified gquality improvement. They are expressed in
1981 dollars.

As we discussed in Chapter 5, the model using recreationists within 200
miles of the launch points for the OQuter Banks yields smaller estimates of the
galn, Comparing the benefit estimates for Improvements defined based om
reductions in pollution loadings versus catch improvements, even in the case of
linear models linking the two, illustrates the importance of understanding the
connecting links between policy and outcomes perceptible to recreationists.

Table 6.2 repeats scenarios for launch peints in the Pamlico composite
site., Because all recreationists were from within 200 miles, we considered
only the demand estimates from the full sample using the function reported in
Table 5.5, column 2. These estimates are generally smaller than those for the
Outer Banks. Taken together, the two sets of results illustrate how
differences in the base lewvel of guality of a2 fishing area will lead te

differences in the estimates of the benefits from improvements. To illustrarte



TABLE 6.1
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Consumer Surplus per Fisherman per Trip for Quality Enhancements:

Outer Banks Sites

HModel
Full Within
Scenario Sample 200 Miles
Dverall Tmprovements
1 25% inereasse in cateh rate
from arez average & 70.95 § 24,15
2, 25% decrzase in phosphorus loadings
from Albemarle-Pamlico average § 60.06 s 20.61
Tarpeted Improvements
1. 25% inecrease in catech rate at the entry peint
with the lowest catch rate {catch rate = .44) S 4.46 5§ 1.75
2. Improve catch rate at worst
site to averzge $131.47 $ 48.95
3. 25% inecrease in catch rate at
most frequently visited site in sample 5 B7.55 g 23,17
4, Reduce phosphorus loadings from
highest levels in the area by 25% 5 3.86 s 1.27




TABLE 6.2

Consumer Surplus for Quality Enhancements:

Pamlico Site

Full
Scenarlo Sample
R T
1. 25% increase in catch rate from area average 5 9.39
2. 25% decrezse in phosphorus loadings from
albemarle-Pamlico average § 2.4b
= + &
1. 25% increase in catch rate at the entry point
with the lowest nonzero cateh rate (1.0) 5 1.9%
2. Improve catch rate at worst site (1.0)
to area average 51B.66
3, 25% inerease in cateh rate at most
frequently visited site in sample 53.3)

4. Reduce phosphorus loadings from highest
level in the area by 25%

5 3.56

L%

B
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this point, we computed the consumer surplus gain for a 25 percent increase in

=

the catch rate for zl1l launch points in both composite sites. ipure 6.3 plots
the estimated consumer surplus gein per trip at selected locations.

There are several important cavests to be recognized in interpreting these
resules. First, they are based on patterns of use given an existing
distribution of quality levels for the areas adjoining entry points into the
Sounds. Large changes in this distribution will change the patterns of use and
the underlying magnitude of the walues for further improvements in quality of
specific locations., Second, specifying models that took into account the
effects of substitute sites was guite important to our estimates of demand
functions. This was especially true in the case ¢f the Pamlico damand
function. This should net be surprising for this type of recreastion. The
launch points we have used to define composite sites are simply the entry
points individuals use to zccess the larger site. While we attempted to reduce
the influence of overlap in the structure of our overall definitions of
composite sites, we expect that benefit estimates will be sensitive tc how
these substitution effects are treated. Preliminary research using a randem
utility model to describe individuals' demands for access to locations within
this arez based on these same data and different definitions for the sites
being chosen supports this ccnclusiun.6

Finally, our estimstes are values per trip per person., To develop
estimates that gauge the benefits (arising from marine recreational fishing)
from improvements in quality, we also need to consider the effects of the
quality change on the number of trips a typical person will take and the number
of additional people who may alsc use each site. Our model considers the first

of these. Resolving the second consistently is, as Bockstael et al. [1988]



FIGUFE 6.3

Geographic Distribution of Values of a
Twenty-five Percent Improvement in Catch Rates

puter Banks Pamlico Dollars Per Trip

Mode 1 Model Per Persm
. . 20-30
. E 15-20
& B 10-15

. . 1-5
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have acknowledged, more difficult. Clearly, both issues will need to be

considered in the development of aggregate benefit estimates for guality

improvements.
6.4 Contingent Behavior Responses as a Check on our Description of Quality
Change

Our analysis of gquality differences in the fishing opportunities in the
Albemarle-Pamlico Sounds has relied on some strong assumptions abouc
individuals' knowledge and fishing behavior. We have assumed that people
evaluvate the quality of sport-fishing sites based on the relative availasbilicy
of any type of fish, and that their perceptions of the fishing quality
adjoining launch points corresponds approximately to the average catch rates of
boat fishermen using those sites during the same season. Our model uses the
variation in selections of launch points for given travel costs together with
the wvariations in average catch rates to infer how fishermen's relaciwve
propensity to use higher quality sites affects their responsiveness to implieit
trip prieces,

One way to gauge whether these assumptions are plausible would involve
interviewing fishermen to determine how they indicate they would change their
recreation patterns in response to quality improvements. This type of
interview focuses on what has been deseribed as contingent behavior, or
individuals’ responses to hypothetical situations. This method has been wused
to value improvements in freshwater sites (see Ribaudo and Epp [1984]) and has
been used in a number of other types of applicacions (see Smith and Desvousges

[1986b]).
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With the cooperation of the North Carolina Division of Marine Fisheries,
guestionnaires were randomly distributed to fishermen interviewed as part of
the Division of Marine Fisheries/National Marine Fisheries Service intercept
survey. Owver 400 of approximately 1,200 questiomnaires distributed during the
in-person interviews were mailed back teo us. Table 6.3 reproduces the
guestions used to estimste how behavior would respond te guality changes.
Teble 6.4 provides z summary of the preliminary results for those guestions on
responses of planned trips cto each of three different Increments in catch
rates.

The research design for this supplement to the NHMFS survey relies on
obtaining information about the respondent’s travel costs and fishing
experience from that Interview. It was intended to supplement these data with
responses to the contingent questions. Our design involved six different
guestionnaires with three variations in the catch rate (10, 25, and 30 percent
increases) and with two other aspects of estuarine gquality, one associated with
eliminating red sore disease and a second associated with eliminating algae
blooms. Each respondent was asked about his {(or her) responses in terms of
future trips after one proposed catch increase and a comparable guestion about
gither red sore disease or slgae blooms. Thus, there were six different
gsubsamples.

When these data are merged with the NMFS survey interviews, we will have
sufficient information to estimate travel cost demand functions reflecting for
actual behavior and contingent behavior. However, this requires the two sets
of data to be merged consistently and is beyond the scope of the current

research.
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TABLE 6.3

Contingent Behavior Questions for Fishing Quality Improvements

L

=l

1r

V.

(=]

Base level of Fishing Activity Question

How many fishing trips hawve you made in the last 12 months?

Catct miovement Questio
B=sed on your experience in the last 1? months, how many fish of
your target specles for this trip do you think you will catch each
dey (on average)?

Type of Quanticy

Fish of Fish
71 {mmamber of fish or lbs } (check one)
#2 {numher of fish or lbs ) (check one)

Suppose by reducing pollution wou could catch 50% more fish each
day of your first target species. How many trips do you think you
would take in the next 12 months? In answering, suppose also that
catch rates for other species would not change, and that your costs
for & fishing trip would not change.

trips

Bed Sore Diseasce Question

&. Has the presence of red sore disease caused you to throw back
fish caught on recent fishing trips? vyes no

b. 1If yes, about how many fish had te be thrown back because of
red sore disease in a typical trip? (fish gr lbs )

¢. Suppose that by reducing pollution red sore disease could be
eliminated, but now assume that vour expected catch rates would
remain at their current levels. How many fishing trips would
vou make in the next 12 months? trips

Alpae Bleoom Question

Suppose that reducing pollution could eliminate algase blooms, but
now assume that your expected catch rates would remain at their

current levels. How many fishing trips would you make in the next
12 months if algae blooms were eliminated? trips
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TAELE 6.4

Fishing Trips and Improvements in Catch Rates: Mean Values®

Improvement Fishing Trips Fishing Trips Fishing Trips
in Normal Under Eliminate Eliminate
Sample Sample Catch Rate Fishing Improved Catch Red Sore algae
Subset Size (Percent) Trips Conditions Disease Blooms
Al 31 10 26.7 29.4 - 25.1
A2 61 25 22:.3 27,2 --- 28.3
A3 73 50 18.6 23.7 === 21.0
B4 38 10 16.8 23.0 24.0 S
B3 56 25 14.6 19.89 11.6 T
B& 46 0 13.8 15.3 14.9 .-

“The A samples correspond to individuals asked about their increases in fishing trips
with elimination of algae blooms in addition to one of the three catch rate improvements.

The B samples were sskad asbout red sore disease in addition to the eatch rate improvemant
gquestion.
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Nonetheless, at this stage, we do have clear evidence of an increase in
preposed trips for most of the subsamples, even without taking account of
differences in the travel costs (and other characteristics) across respondents.
Thus, even with fairly crude summsry data, recreationists' responses to
improved catch rates (rtheir stated intentions for iInecreases in fishing rips)

are consistent with the responses hypothesized by our model.

6.5 Summary

This chapter has described how the travel cost demand models developed for
the Outer Banks and Pamlicc composite sites can be usad to estimate the
benefits arising from improvements in the quality of the estuary. Because the
focus of our analysis has been sport-fishing, the primary aspect of quality we
sttempted to evaluats 1s the availability of fish at different locations in ths
estuary. The models allow differences in the base lewvel of quality to affect
our measures of the value of fishing trips to each of these sites, as well zas
that value changes with improvements in gquality. They illustrate the
importance of the comnections linking the warisbles that can be influenced by
policy to the measures for quality perceived by recreationists.

Based on the meore conservative of the models estimated from the Outer
Banks composite site, the per person per trip benefics of & 25 percent
improvement in the cateh rate range from abeout $2.00 to $38.00 for most sites.?
Values are generally lower for the Pamlico composite site, ranging from 52.00
to 515.00 per person per trip for the same 25 percent increment in catch rates.

Differences in these benefit estimates across launch points reflect

differences in the level of the catech rates at each location. Those observed



across the two composite sites arise from othar differences in the
characteristics of the sites involwved,

Overall, these estimates provide support for the basic modeling framework
and illustrate that with refinement, it may have substantial walue to the
evaluation of poliecy options in an overall management plan for the Albemarle-

Pamlico Estuar-—.
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Chapter 6

FOOTROTES

L At present, the only method available for measuring nonuse values is
through the use of survey techniques - asking individuals' wvaluations for
changes in the amount or guality of resources in ways that allew their motiwves
to be distinguished., TFor a discussion of the conceptual issues Invelved in
defining nonuse values, see Smith [1987]. Fisher and Raucher [1984] provide =z
surmary of some of the early literature on the relationship betieen use &and
nonuse values Ior water gquality improvements,

2, See Fzoiu [198B] for discussion of the preliminary estimates developed
using a randem utility model with these same data.

3. Thusg, their assumptions are sufficient to assure that the Marshallian
measure corresponds to the theoretically desirable Hicksian measure of the
values of a quality change.

L If the Smith-Kepp [1980] argument that the assumptions of the simple
travel cost model become progressively more questionable with the distance
between the origin point and the site, this pattern of use implies the model
should provide an adequate description of behavior.

5. A large number of alternmative specifications were considered with
variations in the pollution measures and the catch measure. Significant
positive and negative coefficients ware found for pollution loading estimates
as influences on fishing quality. As a rule, the significant positive
coefficiente were unstable, changing with alterations in the specification.
However, the record for a negative relationship is not stronger. HNegative
effects were also sensitive to the other pollution wariables included in the
model, as well as the catch measure used, For these reasons, we describe this
relationship as illustrative of the effects of the physical linkages and not as
a basis for policy decisions.

6. See Kaoru [198%9]. This study was undertaken as part of the research
associated wich the Forth Carolins Sea Grant project iIn this area.

’ In developing these ranges, we deleted the largest wvalues for both the
Outer Banks and Pamlico sites. They are associated with largest catch rates,
and increases of 25 percent are substantially beyond the rarge of sample
experisnce.
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Chapter 7
Conclusions and Directions for Future Eesearch
7.1 Conclusions

Recreational fishing is one of the most important uses of the Albemarle
and Pamlicoe Sounds, yet fishing activity can be severely affected by effluents
entering the sounds from upstream and adjoining activities, One of the primary
goals of the Albemarle-Parlice Estuarine Study is to develop a management plan
to preserve and enhance the quality of the sounds. BSuch a plan must
necessarily consider the wvalue of the potential enhancements that can result
from various policies to restrict the introduction of effluents into the
sounds. Unfortunately, the wvalue of recreational fishing is more difficult to
determine than is the walue of sctivities such as commercial fishing where
markets provide wvaluation information. Nonetheless, the wvalue of recreational
fishing and related activities will have to play a significant role in the
decision-making process that will evolwe in the Estuarine Study.

The research effort described Iin this report, which is part of & more
extensive on-going research program, has sought to determine the value of
recreational fishing and improvements in fishing opportunities teo fishermen.
Because of the rich wvariety that exists in the sounds, a2 new modeling strategy
was necessary. While our model for this project has its roots in the
traditional travel cost demand models, it differs in wvarious ways. The
significant differences in the characteristics of the two sounds led us to
treat them as different aggregate sites. Similarlw, launch peints on the Outer
Banks also provide a different type of experience. Thus we had three composite
sires: Outer Banks, Pamlico, and Albemarle., Within these compesite sites

there were differences depending on the specific launch site that was used,



The most important difference for our purpeses was in catch rates, which
differed across the launch polnts comprising each of the three destinatlions,
This enabled us to study the effects of expected catch rates on recreationists’
decisions to fish on the sounds and te Iincorporate substitution possibilities
across these destinations.

The nodels selected as our final specifications explained the number of
trips taken using the travel costs (including both vehicle and time costs)
inveolved in the trip te the site visited, the expected catch rate interacted
with travel costs, similar measures of the costs of trips to the substitute
sites, and wvarious socloeconomic variables including income. We have shown
that this specification could be derived from seversl alternative conceptual
medels of Individuals' recreation decisions. These include: & model where
fishing guslity was a translating variable in the fishermen's utility function
or & framework allowing the travel cost coefficient to vary with catch rate
within each of the three composite sites while also allowing for substitution
opportunities between sites.

Using this specification, our estimates considered four different samples:
Outer Banks full sample, Outer Banks visits from within 200 miles, Pamlico full
sarple, and Albtemarle full sample. For the mainland Pamlico and Albemarle
launch sites nearly all visits were from within 200 miles, so subsamples based
on the 200-mile distance threshold did not markedly affect our estimates. In
contrast, the Quter Banks attract visitors from much greater distances. While
the signs and significance in estimated parameters were comparable, there were
differences in the magnitudes of coefficients between the two Quter Banks
samples. The results were quite encouraging for three of the four samples, with

%

the coefficients having the expected signs and significance and generally being



robust with respect to varying the specification. A maximum likelihood
estimator was also used with these specifications to evaluate the effects of
correcting for the sample truncation. These results are presented in Tables 5.4
eand 5.5.

The only sample where we did not have this success was for launch sites
designated wicthin the Albemarle destinatior. As s consequence, the benefit
estimates ars presented for Outer Banks full szmple, Outer Banks within 200
miles, and Pamlico destinations.

The primary goal of the research program we have undertzken is to wvalue
activities such as recreational fishing. In the current research we have used
our estimated eguations to estimate the walue of a fishing trip and zlso rto
gauge the value of iImprovements In fishing guality. For example, for each
sample the wvalue of the fishing trip sbove what the indiwvidual implicitly paid
in travel costs (including wvehicle and time costs) was calculated for an
average trip te that area. For the mainland Pamlico sites this wvalue was
5102.71, and for the more local wvisitors to the Outer Banks the value was
5163.02. When more distant visitors were included in the sample, the walue
rose substantizlly to $385.98.

& second aspect of these models concerns their sbility to estimate the
value of quality improvements. This feature has the potential for being of
substantial interest for the Albemarle-Pamlico Estuarine Study. These estimates
were developed first for an overall improvement in the average catch rate for
gites within a composite destination. Using the full sample for the Outer
Banks, a 25 percent Improvement in catch rate from the area average would be
valued at $70.9% per fisherman per trip, whereas a 25 percent decrease in

phosphorous loadings would be wvalued at $60.06. These values may be high.
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When the sample was limited teo within 200 miles, these estimates were reduced
to $254.15 and $20.61 respectively. While the reduced estimates seem more
plausible, it is important to recognize that the scenario definitions determine
the magnitude of the changes invelved. With reductions in effluent loading,
these changes are translated into catch rate changes using ths simple
regression models we developed to illustrate the importance of these bioclogical
linkages. For the Pamlico, these two wvalues for overall improvements were
$9.39 and $2 .46 respectively. These lower figures seem approprizte because of
the differences in the wisitors and type of experience.

Sample caleculations alsc have been provided for targeted improvements to
specifie launch points within each composite destination, For example,
improving the catch rate by 25 parcent at the most frequently wisited entry
point in each area would be wvalued at $67.55, $23.17, and $3.31 for the Outer
Banks full sample, the Outer Banks within 200 miles, and the Pamlico samples
respectively. Similarly, improving the catch rate at the worst site to the
area average, a considerably larger improvement, would be worth $131.47,
$48.95, and $18.66 for each of the samples respectively. Further examples are
given in Tables 6.1 and 6.2.

These results are encouraging. The models that we developed provide one
explanation for the decision process of fishermen in this area. Our estimates
provide, in most instances, plausible results. Nonetheless, it is important to
recognize that our analysis has focused on one type of model - a conventional
travel cost demand framework. In the next section we discuss other alternative
modeling frameworks and means to reconcile any differences in the estimates

with these alternative techniques. & synthesis of the results obtained using
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these various techniques will provide the most defensible estimates of the

value of improvements to the quality of the Albemarle and Pamlico Sounds.

i aw = ch Initiastives

The research ocbjectives of this project have been met and in at least one
respect exceeded. When we proposed the research, it was not clesr that we would
be able te describe the North Caroline Sea Grant survey respondents'
recreatienal decisions within a travel cost framework., Our primary concern was

with the interpretation we had to give to the fishing trips question in order

i

o implement the model. As we cbserved in Chapter &4, even though the context
of the interview was sport-fishing in the Albemarle and Pamlico Scunds, the
question did not specifiecally ask sbout trips to the entry point of the
interview or, indeed, te any other part of the sounds. It simply asked about
fishing trips without further specification. Our models have maintained that
the responses were good indicators of the uszse of the sounds. While this is a
potentially important limitation, the results are consistent with the
assumption. They do support a theoretically plausible, negative relationship
between the implicit price of a trip and the number of trips taken during a
season. Moreover, they also indicate that our measure of quality - the average
cateh rate - does zffect demand in twe of the three areas we idenvified as
"gites” for demand modeling.

Because of the this finding, it was possible to illustrate how this type
of model would be used to estimate the benefits a typical recreationist would
realize from improvements in the quality in different locations in the estuary.
These estimates are intended to be illustrative only. They demonstrate how

this degree of resolutien in understanding the factors Influencing psoples
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demands for sport fishing can provide information on one component of an
improved estuzary.

Two classes of research issues have been identified from our analysis.
The first of these involves guestions that are more methodological and have a
somewhat longer term, ascademic orientation. They arise from the nsed to
reconsider an important simplification in most recreation demand analysis, By
adopting & partial equilibrium orientation, most conventlonal reecreational
démand models have abstracted from several types of intercomnections in an
individual 's decisions between the acquisition and use of fishing gear, a
fishing beat, and the allocation of the amount of time, as well as the time
horizon for sll of these decisions.

The second group of issues focuses on the next steps to convert models

that to dace 2ffer promising, but preliminary, benefit estimates into models

for benefit estimation that are reliasble enough te become components in a
comprehensive conservation and management plan. Such a plan must be capable of
gnalyzing the tradeoffs in policy choices and thereby prioritizing actions to
improve the estuary. Because the Albemarle-Pamlice Estuarine Study is intended
to develop research that supperts such plans, this second group will be the
focus of our discussion of new resesrch initiatives.

We have divided our proposals for new management-related research that
¢1ll address the benefits arising from the goals to improve the estuary into
four areas:

(1) finalizing a modeling structure for estimating the benefits to

recreational fishing from improvements in estuarine quality;

ing how fishermen, as well as other recrestionists, perceive

Tt

(2) ewalus
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the qualicy attributes of the estuary and how those perceptions
influence their patterns of use;

{3) developing sconomic demand models for otcther recreational and
nonrecreation uses of the estuary; and

{4} measuring the extent of nonuse wvalues arising from enhancement of the
estuary and the othar resources and wildlife it supports,.

We will consider briefly some of the key elements in each of these eas helow,

P
H

A, Finalizing 2 Model for Marine Fishing Benefits from Quality Enhancements

Our demand estimates use implicit prices arising from the nesd to travel
to recreation sites to cbtain these services. As we observed in Chapter 2,
there are several different ways to use this insight, in addition to the
formulation of a conventional demand model. Each approach mzkes somewhat
different (and largely untestable) assumptions about how people mzke these
decisions. To date, the literature has not developed a consensus on a best or
most robust model. Indeed, Kling's experimental work (see Kling [1%8&] and
Kling and Weinberg [forthcoming]) would suggest that the best approach will
depend on the type of decisions being modeled.

Based on these findings, decisions involving local recreation sites where
the gubstitutes aveilable are important to the choices are likely to be
described better using some variation on a random utility model. In contrast,
when substitution is not as readily possible and the decisions are planned over
longer time horizons, we might expect that the travel cost demand approach

would be better. Of course, these are only qualitative assessments. What is

important from a policy perspective is whether the modeling strategy matters to
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the benefit estimstes needed to evaluste a particular class of peolicy
decisions.

Answering these guestions requires a comparative analysis of the available
modeling strategies with the same data and a complete evaluation of their
respective implications for the models' estimates. This effort is the second
stage in our ongoing research program on the value of improving the guality of
marine recrestional fishing in the Albemzsrle-Pamlico Sounds. With support from
the North Casreolina Sea Grant Program, we are evaluating three modeling
strategies in comparison with the conventional travel cost demand models.

These models inelude: random utility models, logicslly sequenced or nested
utility models, end hedonic travel cost models.

While this research is currently underway, a few of the preliminary
findings provide s clear indication of the importance of these comparisons.
Table 7.1 summarizes the estimates of per-trip, per person consumer surplus
Increments estimated from a random utility model and our conventional travel
cost demsnd models. While the specific results available were not developed
from perfectly compatible scenarios, the findings illustrate our basic point -
evaluation of models for benefit analysis is an integral part of the
determination of a "best" framework for policy analysis.

The differences between the random utilicy and Outer Banks' demand model
estimates are quite large for some fairly similar scenmarios. They are less
pronounced for the Pamlico model. Much of the difference can be explained.l
Moreover, the estimates could be converted into comparable terms for developing
interval estimstes or ranges for the benefits estimated to arise from gquality

improvements.



TABLE 7.1

Comparisons of Benefit Estimates
Across Modeling Strategies

¥ =39

Model

Incremental Consumer Surplus

Random Utilitv Model®

1. Increase average catch rate at each
site by 25%

2., Inicrease catch rate at closest 4 sites to
most respondents by 25%

Copventionzl Travel Cost

A. Outer Benks Model (<200 nmiles)

1, Increase average catch rate by 25%

2. PRange of wvalues for 25% improvement in
catch rate across most sites

B. Pamlice Model

1. Increase average catch rate by 25%

2 Range of values for 25% Improvement in
catch rate across most sites

52.43

524,

$1.74 -

$9.

%

(_"'\:

$1.99 - §14.24

#These results are taken from an unpublished Ph.D. thesis that is being
prepared as part of the research supperted by the North Carolina Sea Grant

project. See Kaoru [1989] for a summary.



172

Understanding the reasons for variations in a model's estimates so they
can be reflected in how those results are used is an essential element in
research designed te support pelicy analysis. Our planned activities with N.C.
Sea Grant support were not intended to complete this process. BRacher, they
focus on developing the remaining modeling alternatives, Comparative
evaluation and reconciliation of findings remain a separate set of tasks that

are clear candidates for future research.

B. The Role of al i ]

Most descriptions of the Albemarle-Pamlico Sounds identify recreational
fishing as among the most important activities affected by deteriorations in
estuarine qualicy. There are many others, and commercial fishing is certainly
one of them. While commercial fishing can conflict with recreational uses of
the fisheries supported by the estuary, given that commercial fishing is
permitted at some level, then improvements will reduce costs for commercial
fishing, and these should be taken into account in & comprehensive management
plan.

The scunds also support other types of recreation that may well be
influenced by their quality. The N. €. Sea Grant survey does not provide
irnformation te permit evaluation of any other types of recreation benefits.
With data, these could be described similarly to the sport-fishing models.

Our literature review indicated that there was very little information in
the literature that might assist here. Conseguently, this ares should be a
high priority teo complete the use-related recreation benefit measures for

guality improvements.



c. Quality Perceptions

Our analysis has maintained that the catch rate is the mest important
guality feature of the estuary from the perspective of fishing activities.

This approach is certainly consistent with the past literature. However, as we
consider other types of recreation, the physical characteristics individuals
use to form percepticns of estuarine gquality are less clearcut. Nonetheless,
understanding this process is essential to establishing a comnection between
the demands for uses of the area to support these other forms of recreation and
any changes in the quality ¢f the estuary.

Some research is currently underway on related issues for the Chesapeake
Area. Thus, some learning from that experience is possible (see Bockstael et
al. [1987, 1988]). However, the pronounced differences in the natural settings
and circumstances of the two estuaries suggests that a parasllel research efforc
on qualicy perceptions for the A/P program is warranted. This would use the
findings of the Maryland effort as a starting point and assure the resclution
in indexes of guality {or perceptions of quality) needed for the demand

modeling associlated with other recreational uses.

D. Nonuse Benefits
Feople wvalue natural environments even though they may not actively use
them in some form of outdoor recreation. Conceptuzl and empirical support for
the impertance of these values to resource management has grown since Krutilla
[1967] first raised these concerns over twenty years ago.
Nonetheless, the empirical evidence with estimates of the magnitude of
fip

nonuse benefits remains limited. There are good reasons to assume that these

values will be even more speclalized and less transferrable between resources,



and therefore more specific to individual resources than use-related values
(see Smith [19871).

Survey technigues remain the only method for measuring the size of these
values. Because they may well be especially important to aesthetic dimensions
of the estuarine and the conservation dimensions of a comprehensive management

plan, efforts to measure them should be given high priority.

7.3 Suzmary

This chapter has provided zn overview of our findings and the new research
issues that emerge from them. Our specific focus has been on questions
relevant to the needs of a comprehensive conservation and management plan for
the Albemarle-Pamlico Estuary.

The ressarch to date has clearly established the feasibility of
gquantifying the benefits from management programs for one of the important
recrestional activities for the estuary. What remains to be done involves

extending this type of analysis to include all of the activities enhanced

through improvements in the estuary.
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Chapter 7

FOOTROTES

1. Theze differences have several explanations. First, the decision process
envisioned in the random utility medel (RUM) implies we should expect the
travel cost model to be larger than the RUM estimates. Within a RUM model,
recreationists are assumed to make sach trip decision as an independent choice,
one that Is not affected by past or planned future cheices. This leads to a
somewhat diffsrent interpretation of the waluation concept.

Second, the scenarlos sre somewhat different, The scenario for the RUM
model Increases gll launch points’ catch rates by 25 percent, so the average
would increase by that amount. This same phencmenon is represented with the
travel cost model by assuming all launch points are at the average catch rate

and it increases by 25 percent. The two are not the same.

The former maintains
the relaciv

& diversity in lsunch points' gquality; the latter does not.

Third, and Iinslly, the RUM scenarics allow for a simultansous improvement
in guality at substitute entry points outside those in the Outer Banks launch
points (or for comparison with Pamlico results, Pamliceo entry peints). The
travel cost models do not.

Ln
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Appendix 1

Predicted Wage Methodology

The purpose of this appendix is te describe the method used to estimate
the opportunity cost of travel time. This cost is one of the largest
components of the travel cost. 1In contrast to other components of the travel
cost, such as the vehicle operating cost per mile or the fees to enter a site,
the time costs of travel can be guite wvariasble. As Chapter 2 described,
several methods have been used in the literature. Ve considered three methods
in our analysis. The first involves using the family income reported by each
person per estimated potential hour that could be worked in z year, implicitly
assuming all income arises from the earnings of the specific recreationists.
The presence of nonwage income and multiple-earner households is usually not
capable of being asccommodated in this approach.

The second approach uses a model describing how an individual’s hourly
earnings would be affected by personal characteristics, job characteristics,
and site amenities to impute & -~age rate for each person. The third uses a
fixed fraction of the wage following Cesario and Knetsch's [1971] early
arguments that these time intervals do generate utility,

This appendix describes the specific details underlylng the construction
of these predicted wage rates. To gauge the plausibilicy.of these imputations,
the appendix provides some comparative evidence on the wage rates predicted for
our sample of recreationlsts in relation to their demographic characteristics
and occupations. We also compare the predicted wages with the estimates using

total income per hour.
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redi W Model

Wage rate estimates were based on a hedonic wage model estimated by Smith
(1983) based on the 1978 Current Population Survey. Wages were modeled as a
function of individual werker, job, and site charaecteristics. The sample was
based on interviews conduvcted in May. When the wage and other jeb information
was merced with separate information on job and site characteristies, a sample
with respondents from a total of 44 SMSA's was composed. 5Site characteriscics
included climatic, culturzl, and amenity wariables. Job characteristies
included qualitative features of the jobs, as well as estimates of risk of
accident or desth.

In using the hedonic wage model for the Albemarle-Pamlicoe respondents,
some modifications had to be made. Information for several of the job and sit
characteristics used in the hedonic wage model simply was not available in the
Albemarle-Pamlico data set. The wvariasbles included veterans' status, injury
rates on the job, cancer exposure, air pollution, unemployment rates, union
membership, on-the-job training, crime rate, sunshine, zad whether the
respondent was a head of heousehold or a dual job holder. Consaquently, mean
values for each of these wvariables from the original survey were assigned to
these wvariables.

Other data collected in the study area had to be slightly modified for use
in the wage model. The original survey classified ocecupations on a much more
detalled basis than necessarv for the wage model. Occupational codes were
reclassed according to categories used in the hedonic medel. These categories
included professional, manager, sales, clerical, craftsman, operative,
transpert equipment operator, nonfarm labor, and service., These variables tock

on a value of 1 if correct or zero if not. If an occupation designation was
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not available, then an "average" occupation was composed by assigning a value
of 0.1 to all job categories. If the occupational wvariable was not
clasgifisble, the minimum wage was assigned. The minimum wage was zlso
assigned to students, retirees, and to unemployed persons. If the age of the
respondent was mlssing or not reperted, the mean age for males or females was
assigned as mnecesszary. II the respondent was under 15 years of age, minimum
wage was assigned. Table Al.l presents the predicted wage equatiens for males
and females,

After the above transformations were completed, a predicted wage was
calculated and adjusted for inflation by the CPI to bring it inte compatibilicy
with the years of the Sea Grant Survey. A mean wage of 59.70 was calculated
based on 1010 wage predictions. The mean for males was $10.08 per hour, and
the mean for females was 55.71 per hour (Table Al.2).

Table Al1.3 displays the predicted wage agalnst the age of sample
respondents. Wages rise through age 30, then hold steady. Above age 50,
hourly wage begin to fall off. Coefficient of wvariation measures show a wider
dispersion of wages at younger and older ages. Table Al.4, predicted wage vs.
experience (age - years of schoeol - &), demonstrates a pattern similar to that
of the previocus table,

Table Al.J shows predicted wage against education. High school graduates
had an average predicted wage of $9.64 per hour, while those with college
attendance had a predicted wage of slightly over $11.00 per hour. These with
post-graduate education earned a predicted $15.16 per hour. Table Al.6
highlights wage differentials by race. Occupational wage differentials appear
in Table A1.7. Professionals, managers, sales personnel, and craftsmen carned

more than individuals not in those ocecupatiens., On the other hand, elerieal



TAELE Al.1

Predicted Nominal Wage Equations (Log Form)
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Males Females
Variable Coeff. Mean Sub. Coeff. Mean Sub.
Intercept 6313 L1792
Edue .0302 0282
(Education)? .0011 0008
Experience 2210 L0180
(Experience] -. 0005 -.0003
Race (white = 1) .1128 -.0243
Veteran 0348 0.404 e —maa
Unemp {1978) -.0124 6.109 L0024 6.081
Professional .0862 .2b31
Manager L1418 L5211
Sales -.0003 .1988
Clerical -.0852 .3501
Craftsman L1353 CALAE
Operative =, 1484 .2346
Transportation -.1178 .3663
Nonfarm -. 1307 -1981
Service -.2508 L1664
Injury Rate 0110 8.877 L0117 6.423
Cancer .2989 0.0195 .10351 0.013
Tot. Susp. Part. oca7y 66.97 .00034 67.20
Household Head 2287 0.808 L0692 02271
Union L7 0.317 ;1910 8,173
VarQJT77 -.0022 4 583 -.0013 4. 604
Crime 5%107°  6955.0 gx10"%  7010.0
Sunshine -.0017 60.236 L0001 60.22
Dual Jeb -, 0417 0.033 -.0252 0.0265
KEnowlecan 3,771 0.0068 el6 0.011%
Lind 5593 0.0118% L6086 0.0119




Predicted Hourly Wage, by Sex

TAELE Al.2

Sex Wage Rt c.v
Male 10.08 934 35.205
Female 5.71 75 36,202

TABLE Al.3
Predicted Hourly Wage, by Age

Age Wage H C.V.
Under 153 3438 14 0.00
16 - 20 oy 24 36,04
21 - 25 7.88 80 28.08
26 - 30 9.18 115 24 24
31 - 35 1118 146 19,14
36 - 40 L1, 55 140 20.85
41 - 45 11,55 116 2i.92
46 - 50 1,36 83 31.57
5L - 535 10.79 B5 5,21
55 - 60 B.50 B7 49 .43
62 - 65 6.27 54 62.75
Over 66 .96 o4 63.10
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TABLE Al.4

Predicted Hourly Wage, by Experience

Experience
{Years) Wage N ot 25
0 -5 6.78 a0 43.70
& - 10 9.56 117 27.22
11 - 13 10.48 1256 23.04
16 - 20 11.74 125 22.42
21 = 25 11.54 126 25,31
26 - 30 11%.53 93 27.75
31 - 35 11,28 92 30.93
36 - 40 9.30 75 41,40
41 - 45 8.21 66 41.77
46 - 50 5.76 45 50,32
Cver 30 4,60 55 53.78
TABLE Al.5
Predicted Hourly Wage, by Education
Education Wage N c.V
2 L.16 16 30.36
5 5.08 41 43 .35
8 7,20 102 36.52
12 9.64 340 30.4%8
14 11.01 140 27 .48
16 11.6%9 121 38,28
18 15.16 48 22.98
TABLE Al.6
Fredicted Hourly Wage, by Race
Race Wage N c.V.
Non-vhite 7.83 133 43.61
White 10.04 877 35.90
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TABLE A1.7

Predicted Hourly Wage, by Occupation

Occupation Wage ] c.v.
Konprofessional 9.21 801 40,04
Professionzl 12.70 134 20.81
Nonmanagerial 9.08 787 39.83
Managerial 13.05 148 19.51
Nonsales 9.64 298 39.33
Salzs 11.38 37 20.79
Nonclerical 9. 71 911 3913
Clerical 551 24 16.18
Nonecraftsmen 9.45 683 &4, 80
Craftsmen 10.40 252 17.24
Nonoperative 9.73 899 39,23
Operative 9.04 36 17.48
Nontransportation 9.74 904 39.08
Transportation £.78 31 19.84
Koafarm Laborers 9,73 9153 38.97
Other Nonfarm Laborers 8.68 20 16.10
Nonservice g.79 Q0 38.74
Service 7.65 35 24 .80
*Noneclassifizble 10.25 75 18.33
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workers, operatives, transportation employees, nenfarm laborers, and service
workers earned less than those in other occupations.

The original survey used two methods to elicit information asbout
respondent income. First, respondents were asked to indicate an appropriate
income categery from a list of income ranges. Second, 1f respondents were
willing to discleose actual income, it was recorded.

To compare the predicted wage with participant responses, actual income
was divided by 20EB0 (532 weeks = 40 hours/week) to estimate hourly wage. Cross-
tabulation for 1981 appears in Table Al .8, while 1982 data appears in Table
41.9. The numbers reflect frequencies of observations meering both

classification wvariables,

With the exception of the predicted wage category which includes the
minimum wage ($3.35 per hour), estimated hourly wages compare well with
predicted wage. The general trend throughout the table shows predicted wage
rising with estimated income per hour. The concentration of observations in
the minimum wage category is due to the assignment of minimum wage when key
descriptive variables of the respondent are missing.

Despite potential dispersion problems discussed sbove, the predicted wage

appears to be a reasonsble measure for opportunity cost of time.



TABLE Al.8

Predicted Hourly Wage vs. Estimated Hourly Wage, 1981
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Predicted Wage

Hourly 2y = Fy = ey ms Sl B = 3 10.- 11.- Row
Wage 2,99 3.99 4,99 5.9% 6.99 7.99 8.9 9.93 10.99 11.99 ">12.00 [Totsl
0. - 0,99 i ] 1 2 i & 1 2 1 16
1. - 1.9% 4 1 5
Zy = 2498 6 2 4 1 3t 14
3 3.99 & 1 1 4 i 13
4. - 4,99 10 1 3 g 7 6 2 1 36
5. - 5.99 1 1 Z 2 2 8
6. - '‘6.93 10 1 3 1 & Bl 6 1 1 33
T. = Fu99 3 7 ] 1 5 3 2 27
8. - 8.9% & 2 6 5 8 7 & 11 50
8. = 9.899 1 4 3 3 11
10. - 10.99 5 7 11 10 10 7 10 &0
11, = 11.:8% 1 1 1 2 p 4 p
12, - 12.99 2 1 2 2 3 4 5 7
13, =i 1300 & 1 1 2 & ] 7 1 7 48
4, - 14.99 1] 1 3 2 4 1 12
15, =---15.9% & 3 1 4 7 16 7
16, -16,.99 1. 2 1 Z 4 1 11
17, =37:99 1 % 2
18. - 18.99 1 1 2 4
19 =-18.9% B 1 2 5 e h [ 13 3
20. - 20.9¢% 0
21 e 20T 1 2 3
22, - 22,99 1 2 2 g 13
2 = 23.989 o
> 2 1 3 1 1 2 3 3 @ 23
Column Total 1 72 3 T 16 43 62 o8 60 73 92 489




TABLE Al.9

Predicted Hourly Wage wvs. Estimated Hourly Wage, 1982

Predicted Wage

Hourly 2. - 3. - 4. - 5, - &, - 7.- 8. - 8, - 10.- 11.- Bow
Wage 2.99 3,99 4,99 $,99 6,99 7.99 B£.99 9.99 10.99 11.9% >12.00 Total
0., - 0.99 3 2 5
1. = 1,99 0
2. 2.4949 4 1 2 1 2 10
3. - 3,99 0
4, -~ 4,99 5 1 1 3 2 1 | 1 15
5. =" :5:99 2 1 3 1 5
£. - &6.99 [ 1 2 2 4 1 5 21
7. - T.99 1 2 1 I
B. - 8.99 6 1 2 4 4 4 & 25
8. - 9.499 1 1 1 1 ) &
10, --10.99 7 1 5 3 7 8 13 fdy
11, - 11.99 1 I 3
12. --12.99 5 ] E I 5 2 3 2 18 36
13 o=135.499 1 1 [ 6
14, - 14,99 3 1 3 3 3 7 14 34
Pono= 15490 1 2 1 &
16. - 16.99 2 1 1] 2 [ 4 7 19
17 o= )7 080 1 1
18. - 18.99 & 1 g 16
15, - 19,99 L 1
20, <= 20.99 ] 2 5 g8
21, = 21.99 1 3 2
22, - 22.99 1 1 1 4 7
23. - 23.99 0
> 24 L 3 3 3 E 34 50

Column Total O 4B 2 5 5 13 21 34 35 38 123 373




Appendix 2

Distance Traveled

In order to conduct travel cost analysis, two measures of distance
traveled were used. As part of the original survey, respondents were asked
atout their county of residence and the distance from their home to the fishing
site. The distances indicated by respondents exhibited great variability even
among theose Ifrom the same origin county. Because this wvariabllity suggested
the possibility of measurement -rror in these reported distances, the distances
traveled from each origin county to each of the fishing sites were calculated
using available national, state, and county maps. This appendix describes ths
methodology used.

& list of all origin counties was compiled. The sample of 1012
respondents came from 156 origin counties. An origin city was selected as the
origin point for all residents of each county. Choosing a city was generally
straightforwaré. For example, it is usually possible te identify one city as
the major population center of the county. If a county had no clear population
center but was immediately adjacent to a major population center just across a
eounty boundary, that major city was used as the measurement peint. IS a county
was rural (close to no major or minor cities), a centrally located point,
usually a county seat, was selected as the point of origin.

Routes of travel to the Albemarle-Pamlico area were assigned to each
origin ecity. Travel was assumed to occur along major highways in a direct
manner. Distance was calculated from each origin ecity to all fishing sites. To

reduce the prospects for error and facilitate the process, trips were described
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a5 movements between nodes, so that distance between modes would be measured
once and total distance defined zs the sum of the distances for the movements
defined to comprise a trip. More specifically, each route was measured to each
of three nodes: Will_amston, Greenville and New Bern. Distance to sites along
the Albemarle Sound were measured through Williamston; distance to sites along
the Pamlico River were measured through Greenville; distance to sites along the
¥euse River were measured through New Bern. The Williamston route was also used
to caleulate distance to Outer Banks sites,
Distance to fishing sites originating in coastal counties (i.e., North

Carolina and Virginia) were measured individually using the most direct route.



Appendix 3

Catch Rate Calculatioms

To measure an aspect of the guality of the fishing experiences, the
reported catch from the N. C. Sea Grant Survey was used to calculate the
estimarted cateh rates for each of the entry points to the sounds. Site catch
rates were constructed and assigned to their respective sites.

Two catch rates were calculated for the boat and bank fishermen. The
first catch rate estimated number of fish caught per person per hour spent
fishing, while the second catch rate estimated number of fish per person. This
distinction is important for several reasons. We would expect the rates to be
different for these two different approaches to fishing because of differences
in the areas of the sounds that can be used by the two types of fishing
practices., Morecver, specific features of the survey methodology further

complicated matters. Boat fishermen were interviewed at rhe dock afrer their
fighing day was complete, Bank fishermen, on the other hand, were interviewed
while they were fishing. Consegquently the second catch rate wvariable, catch
per person, deoes not adequately contrel for either the total fish that may have
been caught by the end of the trip or the length of time spent fishing for bank
fishermen. Care must be used in interpreting this catch rate and in comparing
it with the counterpart variable for beat fishermen.

The survey data included information on time spent fishing, striped bass
kept and released, other fish kept and released, bait kept and released, and

party size. All catch data referred to total fish caught by the entire fishing

party. The first catch variable used the following formula:
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{all fish kept or released) catch

= PEL peIsOn
per hour

{(hours of fishing time) (party size)

The second catch rate variable used a slightly different formula:

(all fish kept or released)

= catch per person

(party size)

If catch rates could not be calculated for any reason (e.g., if party size or

time spent fishing were zero for all observacions at a particular site)}, catch

rates from adjacent sites were used to substitute for the missing catch rate.
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Motor Vehicle Operating Costs

An estimste of the cost of motor wvehicle operation was used in the travel
cost model. Many sources for this information are available, but estimates

exhibit wide wvarlation due to differing assumptions about depreciation rates

Li}

and other factors. Two different cost estimates were considered. The firsc o

these is based on infermation reported in Insurance Facts 15%82-83 (New York:

Insurance Information Institute). This publication reports the costs per mile
given in Table A4.l for operating a car per mile.

We omitted the large automobile and van categories, did not include the
parking and tolls estimate, constructed a simple average of the other
categoeries of costs for the remaining (mid-range vehicles), and adjusted it to
1981 dellars using the transportation compenent of the CPI. The result was
19_.88 cents per mile, which we rounded up to 20 cents per mile.

The second estimate is from a different scurce and excludes deprecilation.
Here we considered the effects of including vans. The cost per mile ranged
from 11.87 to 12.74 cents in 1981 dellars. The specifics are given in Table
A% 2. In this cese, we considered 12 cents a middle estimate.

The results reported in the text use the higher estimate. Because the
prices include wehicle-related travel costs and the time costs of travel and
fees, the difference between these two estimates is not simply a mulciple of
the Implicit price. Results for the l2-cent estimate are available on request

from the authors.

%]
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TABLE A4.1

High Cost Estimates for Operating an Automobile (Cents per Hile)

1981

Categories of Expense

Maintenance State
and Gas Parking &

Accessories & & Federal

Type Depreciation Parts & Tires 01l Tolls Insurance Taxes
Large 7.7 6.0 7.3 0.8 33 145
Intermediate 6.2 5.4 6.6 0.8 3.3 1.3
Compact 5.9 5.0 5.3 0.8 3.3 1:1
Subcompact 4.7 4.8 W 0.8 3.1 1.0

Van 16.7 7.2 8.9 0.8 4.4 1.9




TAELE A4.2

Low Cost Estimates for Operating
an Automcbile (cents per mile)

2m

Average excluding vans 11.87
Average including vans 12.74

1931
Type of Vehicle

Category Large Intermediate Compact Subcompact Van

Total Repairs &

{zintenancs 5.20 5,03 4.37 4,20 5.52
Tire 72 48 .48 L43 .73
Gasoline 7.17 6.42 5.08 &35 8.71
0il .17 .17 .17 .16 .20

Taxes

Casoline (State) =23 AT .38 .32 B4
Gasoline (Federal) .24 .21 o7 i 1 .14
Tires (Federzl) .03 03 02 .02 05
Sales Tax (State) 08 .08 o7 .08 09

Source: Statistical Abstract of 1.

5.y 1982
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Appendix 5

Lodging Costs

Estimates of lodging costs were also developed for the data set. These
costs reflect the additional expense of a hotel/motel stay during & multi-day
visit. 1In choosing a particular site to wisit, wvisitors will include relative
lodging expense in their decision.

The state of Xorth Carolina's Department of Commerce pericdically
publishes a director of accommodations for the state. Hotels and motels are
listed by community, and a range of prices for each hotel is given. For each
fishing site, & town (or towns) was assigned as the available accommodation.
Using the "North Carclina Directory of Accommodations,™ a simple zverage of the
relevant listed costs was calculated and assigned to the sites cleose to the

sites.



Appendix 6

Residual Discharge Estimates

This appendix deseribes the sources for our estimates of residual
discharges into the sounds. Discharge measures for biochemical oxygen demand
and suspended solids were estimated using 1984 NOAA data for waste-water
treatment facilities in coastal North Carelina. Treatment facllities were
identified and 21l recreation sites within ten miles downstream were assigned
pollution values based on effluent discharges from the identified treatment
plants. (The ten-mile zone as chosen arbitrarily.) If more than one plant was
identified, the sum of the discharges was used.

Effluent data reflected concentrations of pollution in milligrams per
liter. Discharge data was measured in million galleons per day. To calculate
total discharges, the flow rate per day was applied to the concentration rates
for each type of effluent.

Waste-water, nitrogen and phosphorus loadings were handled in a different
manner. County level data wers obtained from KOAA (for 1984), and loadings
were divided into peint, nonpeoint and upstream sources. Pointc sources
consisted of municipal water treatment plants, direct industrial dischargers
and power plants. Hon-point sources included crop land run-off and forest land
run-off. NOAA also has z category called "upstream" waste-water. Discharges
were measured in gallons per year and represent the aggregate of zall sources
within a county.

Recreation fishing sires within a particular county were assigned three

values for waste-water loadings - point source, nonpoint source, and upstream,

Ladt
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In a similar manner, pollution wvalues for nitrogen and phosphorus from each of
three sources were also assigned. The unit of measurement was tons per year.
Understanding the reasons for variations in a model's estimates so they can be
reflected in how those results are used is an essential element in research
designed te support policy analysis. Our plamned activities with N.C. Sez
Grant support were not intended to complete this process. Rather, they focus
on developing the remaining modeling alternactives. Comparative evaluation and
reconciliation of findings remain a separate set of tasks that are clear

candidat-s for future ressarch.
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Appendix 7
Empirical Results with Alternative Travel Cost Definitions
and Demand Specifications

This appendix provides examples of the other specifications tested. Table
A7.1 provides brief warisble definitions. Table A7.2 reports the OLS resulcts
for the two Duter Banks samples and Pamlico when a linsar functional form was
used with the preferred varizbles. Most previous studies have had better
success with the semi-log specification that we used in the text, and these
linear results confirm that choice. The ceoefficients are generally less
significant and sometimes have the wrong signs.

Tables A7.3 through A7.3 report the results for the two Outer Banks
szmples and the Pamlico when the price or travel cost variable was calculated
in different ways. The value of travel time could be estimated from the
reported income in the manner described in the text. This is done in the first
twoe columns in each table, while the last two columns use the implicit wage
estimated using the respondent characteristics. The second and fourth columns
allocate the costs of the trip according to the type of party (family wversus
nonfamily). As ecan be seen in all three tables, the travel costs develeoped
using the hedonic wage technique had more explanatory power than when reported
income was used in estimating travel costs. Generally, the full costs measures
rather than the allocated cost measures proved superior, although as discussed
in the text, the results for the full sample in the Outer Banks were also quite

good with the allocated costs.
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TAELE A7.1

Variable Definitions

Variable Varisble
Name Definicion

TRIPS Trips

ILNTRIPS Natural log of TRIFS

PRICE Travel Cost
(various definitions)

PRICETCS Travel Cost
{(time cost based on income, costs not alleocated
by party type)

FRICEFAGC Travel Cost
(time cost based on income, costs allocated by
party type)

PRICETWS Travel Cost
(time cost based on hedcnic wage. costs not
gllocated by party type)

PEICEFAW Travel Cost
(time cost based on hedonic wage, costs
allocated by party type)

INCC Income

FISHYR Years Fishing

AGE Age

CEB1 Cateh Rate

PRICECTL Catch Rate # Appropriate Travel Cost

PAMPRICI Pamlico Travel Cost

ALBPRIC] Albemsrle Travel Cost

OBPRICL Cuter Banks Travel Cost

= More detailed definitions of these wvariables are contained
in Tahle 5.,2.



TABLE A7.2

Linear Specification
Dependent Variable: TRIPS

Outer Banks Outer Banks Pamlico
All Obs. w/in 200 miles All Obs.

INTERCEFPT 33.0442 31.6912 2.6244
(3.479) (2.749) (0.095)

PRICETWS -.0735 -. 1607 -.,483
{-1,338) (-1.474) (-3.107)
INCC 1.28E-04 1.48E-04 1.34E-05

(1.043) ¢1.035) (0.065)
PRICECT1 0215 0278 L0306
(1.996) (0.808) {1.134)
FISHYE L3322 .5739 7729
(3.856) (2.442) L2351
PAMFRIC1 1341 2621
(2.028) (3.390)

OBPRICL -, 061
(-0.295)
ALBPRICL -.1354 -.2356 LABS5
(-1.476) (-1.889) {1.763)
AGE -.5376 -. 4288 -.0535
{(-2.435) {-1.559) {-0.142)

N, 260 154 111
R™ 1054 .1785 L2042

F 4. 421 §.531 i R B




TABLE A7.3

Alternative Prices
Outer Banks, All Observations
Dependent Variable: LNTRIFPS

PRICETICS PRICEFAC PRICETWS PRICEFAW
INTERCEPT 2.788 2.844 2.5 2.783
{9.872) (9.082) £10.352) {8.940)
PRICE -.0013 -.0045 -.0038 -.006E
[(-1.276) (-1.9773 (-2.393) {-1.984)
INCC 1.07E-05 4. 2E-6 9.50E-06 7.18E-6
(2,250 {0.831) (2.631) (1.698)
PRICECTL L0003 -. 0021 . 0005 L0028
[1.669) {-2.391) (1.683) (2.133)
FISHYR .0320 0273 8311 0272
£o5113 4.076 (5.394) (4.021)
PAMFRICL L0060 .008& 0055 .0080
(3112 (3.8B27% £2.811) {3.583)
ALBPRICL (-.0060) -.0DES -. 00386 - 0079
(-2.649) (-3.7586) (-1.358) (-3.1%96)
ACE -.0228 -.D207 - . 0223 -.0203
{-3.434) (-2.83%9) {-3.384) (-2.797)
EE 255 188 255 188
E .2033 L1833 L2141 1864
E 2.015 6.163 9.613 5.891
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TABLE AT.4

Alternative Prices
Outer Banks, within 200 miles
Dependent Variable: LNTRIPS

PRICETCS FRICEFAC PRICETWS PRICEFAW
INTERCEPT 2.508 2.745 2.6778 2.785
(6.76%) (6.377) (7.248) (6.521)
PRICE -, 0054 -. 0068 -. 0085 -, 0090
(-1.939) (-1.080) (-2.503) (=0.5979)
INCC 1.5E-3 53.1E-6 8.90E-06 4.9E-6
(2.098) (0.618) (1.977) (0.944)
PRICECT1 9.5E-4 .0024 <0012 0024
(1.081) (0,945) 1. 14T (0.6823
FISHYR 02438 L0220 024 (D219
(3.231) (2.530) (3.140; (2.398)
PAMFRICL .C0%6 OTIF .0098 0113
(3.613) (3.670) (3.275) (3.920)
ALBPRICL -.0071 -.0118 -. 0048 -. 0098
{-1.B44) (-2.660) (=1 217 (-2.182)
AGE -. 0149 = 0152 -.0147 -.0154
(-1.6872) (=1 315) (-1.667) (-1.534)
H2 152 117 152 117
R 2328 .2416 .2694 L2423

F 6965 4,962 7.585 4.979




TABLE A7.5

Alternative Prices
Pamlice, All Observations
Dependent Variable: LNTRIPS

PRICETCS PRICEFAC PRICETWS PRICEFAW
INTERCEPT 3,819 3.901 3.1961 3.784
(5.483) (4.753) (4.325) (4.311)
PRICE -.0046 -.0053 -.0124 -.0113
(-1.774) (-1.615) (-2.917) (-1.671)
INCC 7.3E-6 1.4E-5 -2.80E-6 4.1E-6
(1.101) (1.909) (-0.506) (0.589)
PRICECT1 3.5E-4 .0002 .001 .0006
(0.705) (0.297) (1.332) (0.481)
FISHYR .0156 .0132 .0135 .0116
(1.691) (1.226) (1.516) (1.081)
OBPRIC1 -.0187 -.0229 -.0125 -.0148
(-2.457) (-2.753) (-1.559) (-1.519)
ALBPRIC1 0212 .0286 .0222 .0217
(2.855) (3.073) (3.085) (2.290)
ACE -.0090 -.0151 -.0045 - . 0142
£-.888) (-1.331) (-0.440) (-1.211)
N, 109 79 109 79
R .1680 .2220 .2096 .2135

F 2.914 2.894 3.826 2.753
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