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THREE ESSAYS ON META-ANALYSIS, BENEFIT TRANSFER, AN D
RECREATION USE VALUATION

CHAPTER 1 — INTRODUCTION

Households combine time, skill, experience, magketds (e.g. equipment),
and natural resources and facilities to produce teereation experiences. Adapting
the household production theory, an individual. e decision-maker in the
household) is assumed to seek maximum enjoymemt &tbof life’s activities,
including recreation. The recreation economic rsifhat an individual should
continue to participate in available recreatioraivities that provide the most benefit,
i.e. if the additional or marginal benefits are &qur greater than the price to
experience that activity. An individual’s partictpan is contingent upon their
willingness-to-pay (WTP) and ability to pay. WTRresents the economic value of
recreation, which is the amount an individual, iimg to pay rather than forego the
recreation activity. Ability to pay, a constraimt WTP, is directly affected by an
individual’'s income/money, available time, effatd opportunity costs of recreation.

Given perfect information (i.e. price = marginalug), the choices of an
individual reflect his or her value of recreatioeaperiences. An individual's choices
are constrained by income/money, time, experieswe@/or resource availability. The
benefit derived by an individual from some recreaai activities, say freshwater
fishing in a lake, is an economic measure thatcatgis how much pleasure, usefulness
or utility the individual obtains from the experan

This chapter discusses 1) the basic economic treatyconcepts of economic
valuation, with a focus on recreation, 2) why theskies are needed and their

applications; and 3) the organization of the disgiem.



Economic Valuation: Focus on Recreation

Economic valuation assigns quantitative valuesiéogoods and services
provided by environmental resources. Value is taity of a thing according to
which it is thought of as being more or less dédgegauseful, estimable or important.
One of the many possible ways to define and measlue is through the use of
economic value. Economic values are useful to clemsvhen making economic
choices that involve exchange of property rightoromic valuation is
anthropocentric since it is based on preferencleshbyepeople.

Preferences are subjective values expressed tiveetarms such that one
thing is deemed to be more desirable or importaart another. People's preferences
are the basis for value judgments. Neoclassical@odic theory assumes that each
individual has a set of preferences over bundlegotis and services that can be
ordered in terms of desirability. For example, ¢dasan individual faced with
possible consumption bundlesMfmarket andN non-market goods and services.

Market goodd = [ml, mz,...,mn], are those goods or services traded in a makeet li
fishing gear, boots, maps, etc., while non-marketdg N = [nl,nz,...,nn] are those
goods or services not-traded in the market, likawlair and water, recreational fish
stocks, etc. Neoclassical economists further assbatean individual’s utility

increases at a decreasing rate(MsN) increases, i.e. the law of diminishing marginal

utility — an individual’s consumption declines fragach additional unit or bundle of
goods and services since the marginal utility ordbiés also decline. In particular,
increases in benefits get smaller and smaller @aith additional recreation trip
consumed.

In economics, the values of goods and servicemassured in terms of utility
which is the relative satisfaction from or desilidpiof consumption of various goods
and services. Utility functions defined over thgseds and services are used as an
ordinal representation of an individual's preferesic In this mathematical model,
economists assume a utility-maximizing behavioamindividual (hence, termed

rational) coupled with a description of underlygpnomic constraints (income,



supply, and time and timing of good availabilityyility is maximized when no

reallocation of one's budget can improve it.

Suppose an individual faces two bund{es*,N*) and (M ®,N®), then a
utility function can be assigned to each bundlsulteng in the following utility
functions:U (M #,N*)for bundleA andU (M ®,N®) for bundleB. A rational
individual would choose that bundle of goods amdtises that provides the highest
level of utility. If an individual prefergM #,N*) over (M 8 N®), given that
preferences are complete, reflexive, transitivatiooous and strongly monotonic,
thenU(M *,N*) > U(M®, N®). However, it is difficult to measure a persortifity
or compare it with other individuals’ utilities.dtead, economists observe individual
behavior through choices made, which reflect opesderence ordering (e.g. an
individual chooses bundk overB). According to Holland (2002, p.17), “all choice i
basically a form of exchange.” The only way of urstiegnding a person'’s real
preference is to examine his actual choices. Heheaglative value of a given
resource is revealed by the choices that peoplerfgdomley and Paavola, 2002).

Fixed monetary incomé&, and prices of goods and servic&ss (pl, Py yeees pn)
constrair the individual’s choice of bundles of goods anld/isnes(M , N). An
individual's problem then is to maximize utility lsglecting some combination of
(M , N), wherein the level dil is exogenously determined, subject to fixed incdme
and prices ofM, N). Let 0 superscript denote the initial level/stajus condition,
then the individual problem of utility maximizatios written as:

Maxy U(M,N) subject toP*M <Y, N =N°. Equation 1.1

Ignoring boundary problems, the utility-maximizialgoice

vectorM ” = M (P, N,Y) must meet the budget constraint with equality. Véetor
M"=M(P,N,Y) lists the Marshallian demand function for eachkeagood. The

demand function relatézandY to the demanded bundié. The functionv(P,M,Y)



that gives the maximum utility at pricBsand incomeY results in an indirect utility
function. The individual’s problem can be restaasd

v(P, N,Y) = maxU (M , N) subject toP*M =Y. Equation 1.2

The individual’s problem of utility-maximization née written also as a cost-
minimization problem. The individual’s cost- or exmliture-minimization problem is
given by:

dP,N°,U) = min,, (P* M)

subject to (M, N)=U (M, N°) Equation 1.3

where e(P, NO,U) is the expenditure function, which is the minimaost necessary

to achieve fixed level of utiIitjU. The solution to this cost-minimization problem is
the Hicksian vector of compensated demavids= M (P,N,U).

Hicksian (compensated) demand functions corredhi@income effect
whereas Marshallian (ordinary) demand functionsio® The demand curve for
recreational activities is negatively sloped beeatiss constrained by income,
presence of a substitute area, and diminishing imergtility. A Marshallian or
Hicksian demand schedule can be derived from theadd function that shows the
number of trips taken at different prices. Pricksfined here as the summation of
transportation cost, opportunity cost of traveldjrand entrance fee.

Information about the demand for recreational dutls is useful for
estimating the economic value of recreation bes¢fisually in a money metric
measure), predict future recreation use, and etditha effect of different factors on
recreation use and value (e.g. entrance fee, quamiil quality changes in resources).
The money metric measure is represented in terragrpfus, i.e. the net benefit or the
difference between the benefits that an individaeaeived from a given recreational
activity less what it costs to experience it (whessts may include non-monetary
costs, etc.). An individual chooses to engagedivan recreational activity as long as
the benefit exceeds the costs at the margin.



Surplus Measures

There are five measures of surplus. Consumer su(fi8) is the usual
approximate measure of surplus. John Hicks (19#Entified four better measures of
surplus, such as compensating variation (CV), exjeit variation (EV),
compensating surplus (CoS), and equivalent su(i83.

Marshallian CS is a close and acceptable approloméb the Hicksian
measures of the consumer welfare effects of a pheage (CV and EV) only when
the utility function is quasilinear, i.e. the fuimet is linear in one of the goods but
(possibly) non-linear in the other goods. In estintathe change in CS, it is assumed
the there is only one good (i.e. there is no stuigin effect) and the marginal utility
of income is constant.

There are two Hicksian monetary measures of thiéyuthange associated
with price changes: 1) the CV, which is the chaimgiae amount of income that
would compensate an individual in keeping an oitiahutility level given a new
price set, implying the status quo assignment operty right; and 2) the EV, which is
the change in the amount of income that would bamgndividual to a new utility
level given old price set, implying new assignmeinproperty right. Let O superscripts
denote the initial level/status quo conditions arsliperscripts denote new conditions,
the CV measure using the indirect utility functisrgiven by:

V(PO’NO’YO):V(Pl’Nl’Yl_CV) Equation 1.4

while the EV measure is given by:

WP°.N%, Y+ EV) =P NL YY) Equation 1.5



Using the expenditure function and considering lecpohat provides a price
decrease, CV and EV measures for a price decreageddi (such thatp® > p') can

also be represented as:

cv =¢p?, P2, N°,U°)-¢(p!, PO, N°,U°)= pjim“(s, P%,N°,U°Jds
bl Equation 1.6

EV =¢(p®,P%,N°,U")-¢p!, PO, N, UY) = Tmi“(s, P%,N°,U"ds
i Equation 1.7

where P, refers to the price vector left after removigg and s represenfsalong

the path of integration.

Another name for CV and EV welfare measures arkingiess-to-pay (WTP)
and willingness-to-accept (WTA). WTP is the amoomé has to offer to acquire a
good which he/she does not have legal entitlenteitt WTA is the amount the
subject asks to voluntarily give up a good. WTRSsociated with a desirable change
while WTA is associated with a negative changaMnRP, an individual does not
currently have the good, while in WTA an individinas the legal entitlement to the
good and is being asked to give up that good. Thldlshows the monetary measures
for price changes. WTA is usually substantiallyf@gthan WTP, the discrepancy of
the two is due to ‘weak’ experimental features saslmypothetical payments, student
subjects, or elicitation questions that are no¢mive-compatible (Horowitz and
McConnell, 2002).

Table 1.1. Hicksian monetary measures for pricexgbs.
IMPIEE [lpET Price decrease

Welfare measure Price increase

right
Compensating Status quo Willingness-to-pay Willingness-to-
Variation to obtain accept to accept
Equivalent Change (new Willingness-to- Willingness-to-pay

variation status) accept to forego  to avoid




CV and EV are measured as the area under a contpenidecksian’ demand

curve. For a price change, the CV is the area utlgelHicksian demand curve,

mi"(pi ,P%,N°,U O) measured at the initial utility level and the tprices. Similarly,
the EV is the area under the Hicksian demand cun?épi ,PI,N°U 0) measured at

the new utility level and the two prices. For aprdecline, CV is equivalent to area
(A), EV is equivalent to area (A+B+C), and CS isi@glent to area (A+B). Similarly
for a price decline, CV < CS < EV. For a priceefi€V is equivalent to area
(A+B+C), EV is equivalent to area (A), and CS islieglent to area (A+B) (Figure
1.1).

x m!{p,,P°,N°,U")
(_‘T
p

0

A

Figure 1.1 Consumer surplus, compensating and algumt/
variations for a decline in price.

The budget allocated in recreation by a represgrthbusehold is small hence
income effect is not significant. In this regaiug tvelfare measure is equivalent to the
Marshallian CS since CV and EV converges, assumingubstitution effects. In a
study of the demand for deer hunting trips, Creel lboomis (1991, p. 370) found that
Hicksian measures to be “very close to the Margralheasures, with similar
confidence intervals” for different statistical nedsl



There are two Hicksian monetary measures of thiéyuthange associated
with changes in quality or quantity of environmeérmfaods and services: 1) the CoS,
which is the amount of income, either given or takevay, that would keep an
individual at his/her old utility level, given awequantity set; and 2) the ES, which is
the amount of income, either given or taken awagt would bring an individual to a

new utility level, given old quantity set. Usingetkexpenditure function, CoS and ES

measures for a quantity increase for gp(glich thatn® < n') is represented as:

cos=¢{p?,n®,N°,U°)-e(p’,nt,N°,U°)= jm(s P°,N°,U°)ds

j Equation 1.8

1
nj

ES=e(p®,n?,N°,U*)-¢{p?, i, NO,U2)= [m(s, P°, NG, U*)ds

j Equation 1.9

Table 1.2 summarizes the situation in regard tk$lam monetary measures of
the utility changes associated with changes imgtiadity/quantity of a non-market
good. Compared to CV and EV, CS is not possibléestas approximation of CoS
and ES measures (Bockstael and McConnell, 1998)example of quantity changes
is an increase in water flow in a river. They drewsn, for the case of a quantity
increase froom® to n'in Figure 1.2. For a quantity increase, CoS is\aant to area
(A) and ES is equivalent to area (A+B).

Table 1.2. Hicksian monetary measures for quantipnges.
Implied property

Welfare measure Quantity decrease Quantity increase

right
Compensating Status quo Willingness-to-  Willingness-to-pay
Surplus accept to accept  to get
Equivalent Change (new Willingness-to-pay Willingness-to-

Surplus status) to avoid accept to forego




2

)
ne o

N
Figure 1.2. Compensating and equivalent surplus.

One important assumption in the economic valuatiorecreational goods and
services, specifically relevant for Hicksian momgtaeasures for quality/quantity
changes, is weak complementari¥y andN goods are weak complements if the
consumption of the market gool) is zero the utility gained from the non-marketed
good () is also zero. For example, if the fishing pernaits too expensive (marketed

good), then an individual does not value water itpiahanges (non-marketed good).

Measuring Recreational Value

The context of resource values is based on total@uic value, defined as the
summation of use and non-use values. Use valireisdonomic value derived from
natural resources, either direct or indirect, tigtohuman use of these resources, such
as tourism/recreation, fisheries, research/educagitw. On the other hand, non-use
value is the economic value derived from resouvadsout any current use of
resources, such as bequest, option and existehees\and is considered non-rival.
This dissertation focuses only on the direct usees i.e. recreational value measured
in terms of CS or through different Hicksian momgtaeasures.

There are two main classifications of estimaticethods for the demand

function for recreational goods or services ordiestimate of monetary measures: 1)
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revealed preference (RP) methods; and 2) statéerpnee (SP) methods. RP methods
are indirect approaches that infer an individuaéities by observing their behaviors
(actual choices) in related (complementary, sutega proxy) markets. Examples of
RP methods are travel cost models (TCM), and hedmoiperty value methods

(HPM). TCM are used to value recreational assetshe expenditures on traveling to
the site while HPM assume that the price of a ge@dfunction of its attributes. TCM
recognizes that visitors to a recreation site payrglicit price — the cost of traveling

to it, including entrance fee and the opportundgts of their time. TCM are

oftentimes used to estimate use values for reoreattivities and changes in these
use values associated with changes in environmeuédity/quantity.

SP methods use surveys to directly elicit an irtligi’s values, based on
hypothetical or constructed markets. Examples ofrféhods are contingent valuation
method (CVM) and choice modeling (CM) method. CVbks surveys to directly
elicit individuals' preferences and WTP for non-kedrgoods, like a direct question
“What are you willing to pay for improvements inveonmental quality?"Choice
modeling seeks to secure rankings and ratingsefnatives from which WTP can be
inferred. Choice modeling is also known as choiggeeiments, contingent ranking,
paired comparisons, and contingent rating. If thieies for individual
characteristics/attributes are required, then Ctréderable to CVM.

RP and SP methods differ in terms of the typesatd dsed to estimate values.
RP methods rely on data based on individual's &ctuaices, hence a revealed
behavior. SP methods, on the other hand, rely tanfdam carefully designed survey
guestions asking respondents their choices fomaltere levels of recreational
experience, hence an intended behavior. RP methipdslly provide estimates of
Marshallian CS while SP methods can provide esémaf Hicksian surplus. SP
methods are suggested when estimating non-usesvgilien non-use generally
precludes observable behavioral interactions watiunmal resources (Boyle, 2003). In
choosing which valuation technique to apply, aaedeer needs to 1) determine the

management or policy question to be answered bgttldy; and 2) evaluate problems
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in recreation to estimate a) the recreation benafiexisting site and quality, b)
recreation benefit with changes in quality and dgiiyanf the resource, and c) public

benefits from preservation of resource quality.

Recreational Values Used in the Analyses

Recreational values used in the analyses in tegediation are obtained from
primary valuation studies that reported economiasuee of direct-use access value
for recreation sites and activities. Access vahresmeasures of the current level of
benefits enjoyed by people using a resource ic@asion activity, or with versus
without the resource/site being available. MargWalP values are not included in the
metadata as they are measures of marginal chamgés pr activity quality or
availability. These primary valuation studies r@pdrbenefit measures in terms of
compensating variation, equivalent variation, congag¢ing surplus and consumer
surplus. Primary valuation studies included ing¢lsays use revealed preference,
stated preference and combination of RP and SPoa&tPrimary studies reporting
the marginal value of fish are excluded in the ysed. Therefore, the recreational
values used in the analyses are derived from nhelfipmary studies that reported
summary statistics, such as value estimates. Téstgrates of recreational values are
the outcomes of empirical quantitative researcheline policy questions reported in
the primary studies are for changes in the qualitguantity of recreational experience
(e.g. an improvement in water quality that improsereational fishing), the
recreational values encoded in the database ase tepresenting the status quo
situation (i.e. before the improvement), if repdrte
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Suppose the primary valuation study employed a TThk is referred here as
the ‘original model,” wherein the primary analysias based on a regression model:
TRIPS= X[+ ¢ Equation 1.10

whereTRIPSis thenxldependent variable - a vector of recreation dem#nsithe
nxmmatrix of explanatory variableg,is themx1vector of coefficients that was
estimated and assumed fixed, and the random error. In a single-site TCM, the
relevant explanatory variables are trip costs {ne.access price), income, and a
vector of some demographic variables. The estimag¢eefits (or monetary measure)
of a recreational activity are measured by the areterneath the estimated recreation
demand curve and above the access price facecchyrefividual. Adamowicz,
Fletcher, and Graham-Tomasi (1989) show how to caen@S for different
functional forms of the demand equation. On theokiand, Boyle (2003) provides a
discussion on CVM while Holmes and Adamowicz (20pR)vide a discussion on
CM in regard to estimating monetary measures.

The estimated benefits, or consumer surplus psopeer day, reported in the
primary studies now constitute the dependent veri@le. the covariatgin the
original model) of the ‘meta-regression model’ eaygld in this dissertation:

K
b, =8+ a,Z, +e (i=12...L) Equation 1.11
k=1

whereb; is the reported estimate of welfare of ﬂtiestudy’s sample in the recreation
literature comprised df studiesf is the ‘true’ value of the parameter of inter&a{s
is the meta-independent variables which measuegast characteristics of an
empirical study and explains its systematic vasigtiy's is the meta-regression
coefficients which reflect the biasing effect offpeular study characteristics, ands
the meta-regression disturbance term. Meta-regnessithe use of regression-based
approaches to analyze metadata, which are thernegof empirical analyses. Meta-
analysis is the process of statistically takinggtoek of available empirical studies to
synthesize research findings, test hypotheses@igl o benefit transfers (Smith and
Pattanayak, 2002; Florax, Nijkamp, and Willis, 2P0Ris an important
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methodological tool that can generate meaningfoiarative results of empirical

data to inform policy decisions.

Why these values are important and needed?

The recreation valuation techniques presentedeabbow that there is a real
economic value to the recreational benefits derlwed representative individual.
Recreation provides enjoyment and contributeswel&being of the participant that
can be translated into monetary benefits, whichisaoompared to the costs to
manage the recreation sites. An estimate of trexgeational values is one of the
criteria that may have significant influence on magcreation management decisions
and resource allocations that are made by mandgarexample, Duffield (1989)
cited that estimate of the recreational value giifig influenced the decisions by the
Montana Department of Fish, Wildlife and Parksaquiring public access for
fishing.

One important motivation of recreational use vaarais to enable the
recreational resources to be accounted for in ltecasts analysis (BCA). BCAis a
tool to aid decision-making and policy assessm&(@3\ is the process of adding up
all the gains (benefits) from a policy, programatiernative options, subtract all the
losses (costs), and choosing the option that maesmet benefits. Benefits are
anything that contributes to the objective whilstscare anything that reduces an
objective. BCA helps resource managers choose amitgrgative recreation
programs and projects which vary in size, desigd,@urpose. For example,
knowledge of the effects of stream flow on reciator different activities and skill
levels is an important ingredient in the determorabf stream flow policies. To
perform a BCA of changes in stream flow, reseacheed to know how the demand
function shifts with changes in flow or flow reldtgariables, such as fish catch.
Bishop et al., (1990) studied the release patteahdould increase the economic value

of all the multiple purposes in Glen Canyon NatidRecreation Area and Grand
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Canyon National Park. Later, Congress formalizegehflows when it passed the
Grand Canyon Protection Act of 1992.

Valuations also play a role in understanding thasilens made by individuals
about which recreation activities they prefer tdipgate in, which sites to visit and
how frequently, and if they are willing to pay heglfees or prefer not to visit.

Based on the study by McCollum et al. (1999), toéo@ado Division of Wildlife
decided against proposing an increase in fishoenbe fees to the State Legislature
after finding out in the Colorado Angler Surveytthaglers were not willing to pay

for an increased stocking. Hence, streams in ceai@as of Western Colorado went to
a two-trout-per-day bag limit.

Valuation studies are also used in the relicendegsions of the Federal
Energy Regulatory Commission (FERC). Loomis andg@o@1990) cited that the
Pacific Gas and Electric in California relied orluagion studies that estimate the
recreation benefits associated with alternativesstr flow requirements when making
their FERC license renewal applications.

Furthermore, studies on recreational activitiesehasen used in litigation and
damage assessments. Smith (2000) cited the exadfigigation over the American
Trader for an oil spill offshore of Huntington Béacalifornia in 1990 wherein the
jury levied $18.1 million dollars in damages anaaldes against the owner of the
tanker. Of the total judgment, $12.8 million wasihtited to recreation losses due to
the beach closures required by the oil spill. Eaten of the value of beach recreation
were used in this case.

Knowledge and information on the value of recreatice needed by resource
managers so that they are incorporated into planuiecision-making, and policy
issuances. For example, the technical documenaprdy Rosenberger and Loomis
(2001) on benefit transfer of outdoor recreatioa walues supported the strategic
planning of the US Forest Service. Over the pasetdecades, US Forest Service has
shifted to a new paradigm, i.e. from seeing thedbas a specialized shops producing

one (timber) or few products to an emporium oftipié products and diverse
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services (including recreation opportunities). \Aion studies on goods and services
produced on public lands managed by the US Forasice show that the value of
recreation and wildlife services are more than émimineral, and range goods
(Nordhaus and Kokkelenberg, 1999).

Estimated values from primary studies are alsul uis benefit transfer.
Benefit transfer is the use of information fromaash conducted on other sites (study
sites) to inform questions or decisions at a $iée lacks primary research (policy
site). Benefit transfer is considered a ‘second-beategy’ to recreation use valuation.
Benefit transfer is suggested when time and resotwostrains the conduct of
primary study. Estimated welfare values, whethestaydard valuation methods or
benefit transfer, are used to aid decision-makirggencies and help justify their
decisions about how to allocate public investmefts.example, primary studies that
estimated the value of recreation in coastal enwrents after an oil spill can be used
to inform values of recreation in coastal commuasitaffected by a recent, but
unstudied, oil spill incident (such as the receRtddl spill at Louisiana Gulf) using
benefit transfer. Detailed discussion of this applois given in the body of the

dissertation.

Organization of the Dissertation

This dissertation consists of three essays on anehysis, benefit transfer and
recreation use valuation. The three essays fodysoorthe direct use values, i.e. the
economic value derived from natural resources tiindwuman use of these resources,
such as tourism/recreation, fisheries, researchaolun, etc. In particular, the use
values discussed herewith focus on the access whlugdoor recreation, like
sportfishing, hiking, etc., not marginal value e€reation resource.

The essays are thematically linked but can be sepdrately. The first two
essays were based on the sportsfishing valuatenatiure in the US and Canada. The
studies included in the recreation database wergifted through searches of

electronic databases and formal requests for doctsineferences via e-mail,
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listserve, postal mail, or phone. Other documemsevobtained through private
collections and interlibrary loans. The studiesevsreened based on a coding
protocol template. In the creation of the sportfighvaluation database, documents
reporting the marginal value of fish were excludeédreened primary studies
comprised the metadata, which are measured effectsprimary data or empirical
studies (e.g., in economic recreation valuatioey tlire empirical estimates of use
values). Each primary study was encoded into th&ba@se following the master
coding sheet that contains 109 fields of infornrafior each welfare estimate. All
study values or consumer surplus were adjustedperaerson per day’ unit and
updated from their original study year values tO@€@ollars using an implicit price
deflator. After excluding possible outliers, the@dgfishing metadata has 920 estimates
from 140 primary studies. The third essay was based study site in the Philippines
(Predo et al. 1999) and selected study sites fhanibtoader US recreation use values
database. The study site in the Philippines wactad since there were some degree
of correspondence between the study site and psiieyStudy sites included in the
metadata were selected based on recreation actliityate, and/or site
characteristics/environment that mimics the positg conditions.

The first essay evaluates the aggregation struofypsemary research studies
and its implication for benefit transfer using metgression analysis. Aggregation
refers to the grouping of primary studies into rgjte or regional models. Single-
site models are comprised of primary studies thaspecific in their location and
scope, and may provide specific value estimategidrRal models are comprised of
studies that are broadly defined in location araps¢cand may provide general value
estimates. The first essay answers the questianth@re statistical differences
between single-site and regional models? Meta-ssgye models were specified
following the best-practice guidelines for metaigses. In particular, the meta-
regression models were corrected for panel efiegitsy a random-effect model
following by-study panel specification. Three madel single-site model, a regional

model, and a pooled model (combined single-siteragobnal studies) were compared
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based on their statistical significance, predicpeaer, and out-of-sample error
predictions performance. The structural shift ia thetadata was investigated by
intersecting the aggregation variable with seleetqulanatory variables. The out-of-
sample error evaluates the convergence betweenmensurplus values estimated
through meta-regression function and original desample consumer surplus values.
A log-likelihood ratio test was used to test whetie two subsamples, single-site and
regional models, are from the same population bacefore could be pooled. Essay 1
also incorporates test and correction for publcatelection bias usirmgot-n meta-
regression analysis. Publication bias is esseptiatesult of selective sampling, and
occurs when studies reporting statistically siguifit results or academic work
containing positive results are being published @thers are not (Florax, Nijkamp,
and Willis, 2002).

The second essay explores the approaches in mga@elthexamines the
implications of treating dependency in the spastsfig metadata when performing
meta-regression analysis and benefit transfer. Dogrecy or correlation refers to a
departure of two random variables from independeiueeto 1) multiple sampling per
study to obtain a sufficient number of observatiforaneta-analysis (i.e. between
study correlated observations); and 2) researcbpting more than one benefit
measure for each primary study (i.e. multiple eaten from the same primary
study—within-study autocorrelation). Essay 2 adskesshe question, “Are the meta-
regression model results statistically the saméhferall-set, best-set, and average-set
metadata? The all-set metadata uses all of théabl@benefit measures reported in
the primary studies. Two approaches for controliata dependency in the all-set
metadata include weighting of the metadata andgysamel data estimators. Two
treatments of the metadata for avoiding dependearotyde a best-set metadata
(comprised of the best available benefit measwgpsrted in a study as identified by
methodological and sample criteria) and an avesagj@netadata (comprised of the
average of benefit measures reported in the pristaigies). Best and average

estimates, whether dependent or independent, desidollowing the detection
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heuristics discussed in Essay 2. Dependent dataaltgple observations in a single
study that are derived for the same resource, ubmgame methods, and relying on
the same underlying sample. Independent data g ssbservations from
independent studies, and multiple estimates inglesistudy that are based on
different samples, different resources, differeadtiation methods (e.qg., stated
preference and revealed preference data derivetdtite same sample), etc. The
meta-regression models are compared based on segresatistics and in-sample
benefit predictions performance (i.e. percentagedtier error) using a jackknife data
splitting technique. The jackknife technique estigsa-1 separate meta-regression
benefit functions to predict the omitted observaiio each case.

The third essay applies the methodological treatsearned from the first
two essays to estimate the recreational value efiefit transfer of Taal Volcano
Protected Landscape in the Philippines. A singlatpestimate was derived from a
study site in the Philippines, while a meta-regmsbenefit function based on
existing studies in the US was used to derive stienates of recreational value. A
benefit measure for the policy site was calculd&gddapting the MR benefit function
to the specific characteristics of the ‘policy sifeaal Volcano Protected Landscape.
Implicit price deflators and purchasing power pasitwere incorporated to account for
income and cost of living differences between tinelys and policy sites. The different
recreational activities in the Taal Volcano Pratectandscape include hiking, day-
camping, picnicking, bird watching, horseback rgdifishing, boating, wind surfing,
sailing, rowing, and kayaking. The percentage fiearerrors were computed for the
meta-regression function transfer applicationgagisin in-sample benefit prediction
and simple out-of-sample prediction with the singgémate from Predo et al. (1999)

as the study site original value.
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Notes

! For parsimonious reason, only income together piitbes (i.e. excluding time,
experience and resource availability) were incluitetthe constrained utility
maximization model.

2 Marshallian and Hicksian welfare measures areanteptually consistent to each
other (Smith and Pattanayak, 2002). However, dsg/N1976) argues, when
income effects are small, these welfare measunekstteconverge on each other.
Thus, in the metadata underlying this dissertattomceptual differences in welfare
measures are captured by a dummy variable diffieterg Marshallian from
Hicksian welfare measures.

% Note that “access values” are ‘with’ versus ‘witliausite and conceptually are
equivalent surplus measures. However, they aréditipmodeled through implied
changes in prices, and thus are methodologicalypemsating and equivalent

variation measures.
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CHAPTER 2 - ESSAY 1
PRIMARY STUDY AGGREGATION EFFECTS: META-ANALYSIS OF
SPORTFISHING VALUES IN NORTH AMERICA

Abstract

There are many factors that affect the developnussign and implementation
of primary research projects that may carry forwiardpplications of benefit
transfers. Meta-regression analyses have isola@dreasured many patterns in the
literature, including the effects of methodologgnple designs, and geographic
region. This paper evaluates aggregation structupeimary research studies and its
implication for benefit transfer using meta-regressanalysis. Aggregation structures
of primary research may be defined as single-siteragional models. Single-site
models (SM) are based on primary studies thateeifsc in their location and scope,
thus providing specificity in their value estimatBggional models (RM), conversely,
are based on primary studies that are broadly e@fim location and scope, thus
providing more generalized value estimates. Thremmegression models are
evaluated, including SM, RM, and a pooled model (EMnbined SM and RM
studies). The application is applied to the spsinifig valuation literature, which
consists of 140 individual studies that span fr®69.to 2006 and provides 920
welfare measures for the US and Canada. Log ligetiratio test shows that SM and
RM are different from the PM in terms of how theqpkain welfare measures. Results
indicate that single-site and regional studies khoat be pooled without accounting
for their differences in a meta-analysis. Followthg ‘best practice’ guidelines for
meta-analyses and given non-random out-of-sampiefibéransfer estimates, the
percent difference (i.e. comparing out-of-samplestmner surplus with meta-
regression benefit transfer consumer surplus) axaest using RM, although this
results remain inconclusive. Not accounting forraggtion differences among
primary studies leads to biased value estimatbgsmefit transfer, depending on the
policy settings.
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Introduction

Recognition of recreational benefits of ecosystesources provides a sound
rationale for management, conservation and planojtigns for nature-based
recreation. Researchers have suggested that hawmgarable estimates of benefits
and/or costs of resources not traded in markets @ithout prices) can aid the
evaluation of socially efficient and welfare enhiagooutcomes. Benefits are
economic measures of value derived from recreaxmeriences, which are also
called use values. Use values found in differaidiss are "more or less taken as valid
and reliable reflections of people's valuationexdfdsystem] changes" (Brouwer, 2002,
p. 101). These estimates of use values can halp tla¢ awareness of resource users
and decision-makers in making informed choices anpmiicy alternatives. To date,
there are numerous empirical studies on differeateation activities; so many, in
fact, that researchers and policy makers can bewnedmed by them. In this regard,
researchers are directed to use meta-analysis,cgaatbars, to investigate the wide
range of data on the value of recreation.

Meta-analysis is the process of statistically tgkime stock of available
empirical studies, with one application being tegneation of benefits from changes
in environmental resources (Smith and Pattanay@®? R If statisticians deal with
original observations; meta-analysts, on the olaed, statistically summarize or
synthesize past research results using meta-regnessalysis (MRA) (Stanley and
Jarrell, 1989). MRA is used in bringing togethemamsal research findings from
different studies for purposes of comparison ordtlgpsis testing, synthesis,
knowledge acquisition, generalization and benedingfer (BT) (Florax, Nijkamp, and
Willis, 2002). It offers a means to increase tHedfveness of literature reviews in
two ways: 1) it makes the process more systematit,2) it avoids bias in the reviews
(Stanley, 2001). The conduct of BT through MRA&adible with the accumulation of
empirical research on resource valuation. BT is‘épplication of values and other
information from a ‘study site’ with data to a ‘po/ site’ with little or no data"

(Rosenberger and Loomis, 2000 p. 1097). BT methoelsised when policy-makers,
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resource managers or planners cannot conduct griresearch because of budget and
time constraints, or because the resource impaetsx@ected to be low or
insignificant. The application of MRA for the pugmof BT is preferred over other

BT methods, such as single point estimate and dérenctions, since the benefit
estimates for the 'policy site' are based on thie tharacteristics, user characteristics,
and temporal dimensions of recreation site andchitéce” (Rosenberger and Loomis,
2001, p. 14), enabling the analyst to control fase dimensions.

Meta-analysis has a strong tradition in medicing @sychology. Pearson
(1904) first applied meta-analysis in evaluatintadeom many studies to conclude
that vaccination against intestinal fever was ieetive. Glass (1976) coined the word
meta-analysis, which refers to the analysis ofasseoutcomes where the metadata
are derived from primary analyses (i.e. the origaralysis of data) and secondary
analyses (reanalysis of primary data). Metadatarer@&sured effects from primary
data or empirical studies (e.g., in economic ra@ravaluation, they are empirical
estimates of use values). Meta-analysis is a gwarea of inquiry in education,
marketing and the social sciences. It was firstiagpn economics by Stanley and
Jarrell (1989) and Walsh et al. (1989). In thedfief natural resource and
environmental economics, meta-analyses have bewtucted for recreation values
(Smith and Kaoru, 1990; Rosenberger and LoomisQB))Qvetland resources
(Woodward and Wui, 2001); water quality managenf&ah Houtven et al., 2007);
water supply and demand (Scheierling et al., 2086Jangered species and
biodiversity (Loomis and White, 1996; Brander et 2007); energy markets and
resources (Espey, 1996); global warming, greenhgases and sustainability
(Manley et al., 2005); hazardous wastes and pdssdiFlorax et al., 2005);
sportfishing values of aquatic resources (Johnstah., 2006); and forested areas
(Lindhjem, 2007), among others.

Several researchers have employed meta-analyssitnate the sportfishing
values of aquatic resources. Sportfishing, alsledakcreational fishing, is fishing for

pleasure or competition. Sturtevant et al. (19%6reated panel models to address the
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dependency in the freshwater recreational fishemmahd literature. They also
demonstrated the feasibility of meta-analysis berefit-transfer method using 26
freshwater fishing travel cost method (TCM) studlest span from 1980 to 1991.
Platt and Ekstrand (2001), using Ordinary Leasta®egi(OLS) with a Newey-West
version of White's consistent covariance estimastimated a national model and
region specific model for sportfishing value pergoa per day of water-based
recreation in the US. Koteen, Alexander and Loo@@2) systematically analyzed
the variation in the recreational value of watethiea US given changes in six water
quality parameters. Johnston et al. (2)@&timated random-effect panel models with
Huber-White standard errors and weights and fobatrhoderator variables—
resource, context, angler attributes and study ogetlogy—are associated with
systematic variation in willingness-to-pay (WTP) fish among sportfishing anglers
in North America. Finally, Moeltner, Boyle and Paien (2007) employed Bayesian
meta-regression (MR) framework in estimating wafeor freshwater sportsfishing in
the US.

This paper builds upon previous studies enumeratesie by evaluating the
level of aggregation differences in welfare estigsah primary studies as a means to
minimize this potential source of error in metaresgion benefit function transfer
(MRBFT). The meta-regression protocol employedia paper follows the ‘best-
practice’ guidelines outlined by Nelson and Kenng&B09). Aggregation refers to the
grouping of primary studies into SM or RM. SMs acenposed of primary studies
that are specific in their location and scope, @&y provide specific value estimates.
For example, Jones and Stokes Associates, Incl]X8ported a consumer surplus
(CS) estimate of sportfishing for the municipalifyJuneau, Alaska. This estimate
draws specific conclusions about this municipaltgwever, this estimate may only
be applicable in a BT application if the policyesihatches this study site on most
salient dimensions of the valuation context. Gndther hand, RMs are composed of
studies that are broadly defined in location araps¢and may provide general value

estimates. For example, Aiken and la Rouche (268@8nated the net economic
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values of bass, trout, and walleye fishing usimgmtingent valuation method for each
relevant state in the US and for the US as a whidlese estimates may be general
conclusions about each state and the US. Therefgi®nal estimates may be
broadly applicable to many policy sites, but magklthe specificity of site-specific
estimates.

Thus, the levels at which welfare estimates areeagged as reported in the
primary studies have implications when used in MRB&ccounting for the level of
aggregation differences may reduce transfer ewben meta-analyses are used for
the purpose of BT for a site or policy specific taxt. This approach is needed
because standard applications of BT methods rehljiginly aggregated information
on people’s values, regardless of their aggregatitberences. To address this gap,
SM is compared with RM and both with PM by systaeoadlty analyzing the causes of
variation or heterogeneity in the sportfishing ndeta. This heterogeneity may be
attributed to fishing environment, study methodglagurveyed population and mode,
and study attributes in the primary studies. Tisraach seeks to contribute in the
refinement and testing of meta-analyses as a BI] sowe the bulk of existing
research illustrates the potential of MR modelgdnerate BT estimates within a

broad valuation framework (Moeltner, Boyle and Psia, 2007).

Problem Definition

Sportfishing is an important economic sector intN@&merica's fishing and
tourism industry. In the United States, the ecormoactivity generated by anglers is
greater than the economies of 14 states. Theneeardy 40 million anglers
contributing $45.3 billion in retail sales, resatiiin $125 billion in overall economic
output, $16.4 billion in state and federal taxes] aver a million jobs supported. The
National Sporting Goods Association ranked fistsngh out of 42 recreation
activities, preceded only by walking, swimming, ex&ng, camping and bowling
(Southwick Associates, 2007). The 2005 survey oftfighing in Canada reveals that

over 3.2 million anglers contributed a total of $Billion (2/3 of which were directly
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attributable to sportfishing investment and majorghases of durable goods) to
various local economies in Canadian provinces amnddries (Fisheries and Oceans
Canada, 2007).

Sportfishing, among others, is an intensively ssddutdoor recreational
activity in the US and Canada. The number of pnnsandies that quantify the value
of sportfishing is vast and continually growing.iglccumulation of knowledge
through empirical research then forms the oppotyuor conducting meta-analyses
and BT (Rosenberger and Stanley, 2006). The corad&T through MRA (i.e.
addressing the average values of parameter essimatgnating from different
studies) is feasible with the accumulation of priyn@search on resource valuation.
With meta-analysis, 'overwhelmed' researchers atidypmakers can make sense of
the vast available research findings, generate mgiuh comparative assessment of
results across studies, and help inform policysiens without the extra cost of
conducting primary studies.

A key issue in the conduct of BT is consistencyasistudies in terms of
valuation concept, the commodity valued, and thgreke of site correspondence
(Rosenberger and Phipps, 2007). When the valuationept, market area, or the
commodity valued is consistent or comparable acshsties, BT may lead to
unbiased value estimates (Boyle and Bergstrom, ;1198#mis and Rosenberger,
2006). Literature on BT emphasizes the importaricalie transfer and function
transfer validity and reliability (Ready and Navy@®06; Spash and Vatn, 2006), and
the minimization of generalization and measureneerirs (Rosenberger and Stanley,
2006). However, inherent heterogeneity in the prinstudies, those undertaken under
varying conditions, could provoke someone to qoestie validity of comparative
analysis or the transferability of their resultgcArding to Bergstrom and Cordell
(1991), the variation in recreation welfare estiesaieported in empirical studies is
sensitive to differences in the characteristicELpthe user population (e.g. income),
(2) the site characteristics (e.g. quality or suiliy), and (3) the model specification

and estimation procedures of the primary studidschvare inherently transferred in



28

BT applications. Meta-analysis, by controlling these differences across empirical
studies, may provide a means for estimating untliassfare values for a variety of
resource contexts, avoiding the need to find orert® correspondence between study
sites and a policy site.

Dependency in primary estimates of CS is commadhersportfishing
literature. Empirical studies often report multielgtimates when authors employed
different model estimators (e.g. stated prefer¢6¢8 and/or revealed preference (RP)
valuation methods), methodological treatments @ftgrent functional forms,
treatment of substitutes, different cost per nate,), and estimated welfare values for
several different sites. This design in the primgtndies creates panel data structure.
Panel data, when used in MRA, produces a datasietavgrouped structure with
possible intra-group error correlation (Moulton869 implying biased standard error
estimates.

Study-level averages or single estimate per prireargly, random selection,
and panel-data methods are suggested in dealihgcavitelated data (Nelson and
Kennedy, 2009). However, when estimates are aedrdgere is a loss of efficiency
from increased intercorrelation among moderatoiatées (Brown and Nawas, 1973).
Averaging the source estimates within one studyesdke variance of the error term
nonconstant (Bowes and Loomis, 1980; Vaughhan,élumsd Hazilla, 1982;

Bateman et al, 2006) and may lead to aggregatemihithe meta-regression due to
non-linear specifications (Stoker, 1993). Pooliggr@gate results from heterogeneous
studies may ignore the underlying individual hegemeity (Smith and Pattanayak,
2002), thereby violating the consistency requireMRA and BT. Moreover, the use

of aggregatedmodels undervalue changes in quality at more @oiles (Lupi and
Feather, 1998). Finally, aggregating across aipaliy defined or economic

jurisdiction influences the estimates of aggregalee (Smith, 1993; Loomis, 2000;
Bateman et al., 2006). There are panel-data methatiaddress non-independence

which are discussed below. One concern not giveghn piiority by researchers is the
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selection of studies to include in the panel-cagédviR model that minimizes the
error. This paper fills this gap.

The conventional MR models treat summary statigta® primary studies as
units-of-observations in an aggregate regresseméwork, which may overlook
possibly underlying heterogeneity in the sourcegnbservations. This conventional
approach to MR model specification may lead to besause estimates of use values
in primary studies are oftentimes a function of¢heice for an estimate's 'accounting
stance, ' or 'geographic aggregation.' Estimates@efvalues are reported on the
following scale or aggregation level: single sitesob-site (these are coded as single-
site studies); national, ecoregional/multistatatestcounty, multi-county, or multi-site
(these are coded as regional studies). There ¢éeao rule as to the appropriate unit of
analysis for recreation values of sportfishing,atepng largely on the intended uses
motivating the primary studies. It is possible thasspecification of the proper level
of aggregation might partially explain bias in Bipé#cations. If so, what are the
implications to BT if the estimates and standardrsrof use values in primary studies
can be expressed in more than one geographic Ied@i?do we choose the primary
studies to include in an MRBT function that reduttesstransfer error? These
guestions may be addressed through comparisotifefetit MR model specifications
and answering the question: Are there statistidtdrdnces between SM and RM?
Without considering these levels of aggregation lama they affect the values

transferred, the conclusions drawn from the MRA rbaynclear.

Method
Data and preliminary meta-analysis

An in-depth search was performed for written docotagon or studies
reporting an economic measure of direct-use vadtimmates (i.e. access value only,
not marginal values) for sportfishing in the US @whada. Documents are identified
through searches of electronic databases suchva®imental Valuation Reference

Inventory (EVRI), EconLit, AQEcon Search, dissadafthesis abstracts, Google
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scholar, and through formal requests for documamtor references distributed via
e-mail, listserve, postal mail, or phone. The fdrreguests were sent to all graduate
degree granting economics departments in the USandda; US state natural
resource agencies; Canadian provincial naturalresaagencies; and to academic
listserves, such as RESECON and W1133. Other datigraee obtained through
private collections and interlibrary loans. The @mopl fishing studies are composed
of journal articles, theses, dissertations, worlpagers, government agency reports,
consulting reports, and proceedings papers. Salesm@iments are entered into the
database based on a coding protocol template. Damismeporting the marginal
value of fish are excluded. Terminal publications. journal articles, final reports)
supercede earlier documents for specific modelsoatcbmes. If the journal article
differs in magnitude and scope (e.g., from a broaelgort), then both are coded as
there is more information in the report than wisgtriovided in the journal article.

The master coding sheet contains 109 fields ofim&dion for each of welfare
estimate (Appendix A). The main coding categonetude study source, study
location, fishing activity, site characteristicsptspecific characteristics, angler-
specific characteristics, survey characteristieqyation method, SP and RP modeling
characteristics, benefit measure, standardizedsGi®aes, and regression parameters.
All study values, i.e., CS, are adjusted to a jpenson per day’ unit and updated from
their original study year values to 2006 dollammgsn Implicit Price Deflator.
Studies reporting estimates in Canadian dollarsaneerted to US dollars.

The number of estimates and studies on the welfi@asures of sportfishing is
indeed growing (Figure 2.1). In sum, there are ibdiBsidual studies in the
sportfishing use value database that span from ®8006. These studies are based
on survey data conducted between 1960 and 2004e Bne multiple estimates of the
use value for most of the 143 primary studies tloatprised the sportfishing
metadata, which provide 934 benefit measures ®tX8 and Canada. Thirty two of
the 143 studies reported only one welfare estifmatseportfishing whereas the

remaining 111 studies include up to 74 estimateSxfMultiple estimates per study
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arise due to disaggregated estimate for multissitdies, different model

specifications and estimators (RP vs. SP or condbitfé and SP), methodological
treatments (e.g. looking at the effects of inclgdamd excluding opportunity cost of
time), fish species, and water body type. On aweragout four documents per year
have been released since 1969. The significanéaserin the number of estimates per
year is associated with the release of benefitnegés from the US Fish and Wildlife
Service (USFWS) in 1983, 1987/1988, 1994, and 2088.USFWS's National

Survey of Fishing, Hunting and Wildlife-Associateécreation documents roughly
provide one estimate per state in the US. Othée-si@ope studies contribute a large

number of estimates.
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Figure 2.1. Cumulative number of estimates andiss from 1969 to 2006.

The 143 studies include 65 journal articles, 1 bolépter, 41 government
agency or university reports, 12 consulting repets!S theses, 9 Ph.D. dissertations,

6 working papers, and 5 proceeding papers (Fig@e 2ournals and agency reports
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are the primary sources of information in the matadAgency reports provide the
greatest number of estimates although journallasticave the most number of
studies. All of these studies provide estimatethefaccess value to sportfishing
anglers, or provide sufficient information for sugilue to be calculated. These
individual studies vary in several aspects, ingigdjeographic eco-region or location,
level of aggregation in CS, the species being \@iltishing-type and mode, water-
body type and name, site changes, trip charadtsri@.g. angler expenditure),
valuation methodology and its characteristics (gagnple size, regression model,
functional form, equation type, payment vehiclestémile used, wage rate used, time
cost treatment), survey characteristics (e.g. gata is collected), and angler

characteristics (e.g. income, education, age).
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Figure 2.2. Number of studies and estimates by mecd type.

Study locations show 913 estimates from 137 stusleee conducted in the
US while only 21 estimates from 6 studies were cated in Canada (Figure 2.3).
Seventy nine regional studies account for 582 edamwhile 64 single-site studies
account for 352 estimates in the metadata. Themagirity of studies (108) and
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estimates (807) are for freshwater fishing. Ouhef108 studies on freshwater
fishing, about 24 studies reported 330 estimatatsdial not specify fish species
(reported only as coldwater, coolwater, or warmwate reported two or more
freshwater species. Studies reporting coldwateu{tisalmon, steelhead), coolwater
fishing (pike, perch, walleye), and warmwater (hassib, catfish) fishing are
considered freshwater fishing in this paper. Ambreghwater fish species, trout is the
most studied species (236 estimates), followeddsg 1§156 estimates).

RP studies (zonal travel cost, individual travedtcand random utility model)
are twice as prevalent as SP studies (open-engdabtdmous choice, iterative
bidding, payment card, and stated choice). Foudtedheighty six estimates from 101
studies are based on RP methods, 412 estimateS#atudies are based on SP
methods, and 36 estimates from 6 studies are lmasedmbined SP and RFStudy
sample sizes ranges from 7 (SP with iterative Inigi@licitation method) to 46,008
(random utility model), while survey response rdtem the studies ranges from 7%
t0100 %.
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Figure 2.3. Number of studies and estimates bytrpustudy aggregation
level, fishing type, and valuation methodology.

CS per person per day based on 934 estimates (pstoigies) ranges from
$0.22 to $994.93 with a mean of $66.47 (in 2006ads). Three hundred fifty two
studies reporting welfare values for single sitsu-site studies have a lower median
($37.11 vs. $44.19) and mean ($63 vs. $69) CSriginnal studies, though not
statistically significant. Excluding possible oetls (14 estimates with CS/person/day
> $350.00) in the metadata resulting in 920 ests\aCS per person per day ranges
from $0.22 to $348.43, or an average of $58.8(&tad error is $1.94). The average
CS for single-site studies is $55.79 (+/- $3.45)levthe average CS for regional
studies is $60.75 (+/- $2.31). Figure 2.4 showdik#ibution of CS for the trimmed
metadata. Appendix B provides a summary of selethtadacteristics of recreational
angling valuation studies used in the meta-analygele Appendix C provides the

bibliography of studies used in the meta-analyses.
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Figure 2.4. Distribution of consumer surplus peispa per day estimates (in 2006
dollars) for outlier-trimmed dataset (N=920).

Based from 230 estimates, the average own pristi@tyg of demand for
sportfishing is -0.83 (+/- 0.05 at the 95 % conffide interval), which is inelastic. This
inelastic measure tells us that a 10% increaseeimtcess price will result in an 8.3%
decrease in the quantity of fishing demanded byatigders, i.e. angler's demand for
fishing is such that the quantity demanded will resipond very much to the change in
price or cost of the sportfishing experience. Thesult confirms the inelastic price
elasticity of demand for fishing and 22 other sedd@utdoor recreation activities in
the US by Loomis and Walsh (1997). Only 57 outhef 143 studies report sample
summary statistics of anglers—an indentified proble metadata (Loomis and
Rosenberger, 2006). Based on these 57 studieay#nage income of sportfishing
anglers is $63,561 in 2006 dollars. Male and widte anglers dominate in
sportfishing activity, with an average 22 yeardisliing experience. On average,

anglers are 43 years of age, with at least 13 ydarducation.
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Meta-regression model specifications

The meta-valuation function is "an envelope oftao$estudy site functions that
relates site values to characteristics or attrbassociated with each site, including
market characteristics, physical site charactess8patial characteristics, and time"
(Rosenberger and Stanley, 2006, p. 374). The MReiriediefined as:

y, =a+ B X, +¢& Equation (1)
wherey is the dependent variable, which is the vectdahefnatural log of CS
converted to 2006 dollars reported across the iddal studiesj which indexes each
observationX is a matrix of explanatory variables (the idenbfeacharacteristics
among the different studies, like valuation methetd,) that account for systematic

components explaining the variationyire is a random error component with mean
zero and varianag? ; ando. (constant term common across all observationsBaare

parameters to be estimated.

Explanatory variables

This subsection describes the explanatory variaifl€suation (1) that have
been identified on the basis of theory and findifige the systematic comparison of
the studies listed in Appendix B. Other regressoies would expect to be significant
in the MR models are excluded because they areepotted, missing, or could not be
identified in many of the studies listed in Appen8i. For example, only 57 of the
143 studies report income of anglers. Income istipely related to participation in
outdoor recreation and in general, higher incomgskbolds tend to participate more
days per year in recreation (Loomis and Walsh, L99xclusion of these variables in
the MR models diminishes the explanatory powehefdnalysis but will not bias the
estimated coefficients if these variables are uetated with the included set
(Kennedy, 2008).

The relevant explanatory variables are categoiiztedthose characterizing (1)
fishing environment(2) study methodology(3) surveyed population and mqdand
(4) study attributesThefishing environmendttributes characterize the fishing and
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water-body typedrishing type differentiates fishing experience ifrteshwater,
saltwater or both. Water body type describes tfextdd water body or habitat, e.g.,
marine, estuary, lake, Great lakes, river or stresard mixed-water body typ8tudy
methodologattributes describes the valuation methodology, &, or combined RP
& SP). RP variables characterize the RP types (ZoQ®, individual TCM, or
random utility model (RUM)), and if substitute pgior quality and time variables are
included in the primary study regressions. SP béeginclude elicitation method
(open-ended, dichotomous choice, iterative biddoayment card, and stated choice)
and if a substitute variable is included in thenaiy study regressions.

Surveyed populations and moaltributes distinguishes the survey type used to
collect data for estimation (mail, in-person, phaméed mode, or web-based and
other) and anglers’ visitor types (resident, nasigdent, both resident/non-resident,
special interest group, and otheéjudy attributeslescribe the benefit unit, trend,
publication in journal, and level of aggregatioeTbenefit unit compares the
estimates in per day units versus per trip or passn. The trend variable is a proxy
for methodological advances that may have sometedfe welfare estimates in
comparison with the rate of inflation over time.€Tjournal variable differentiates
between peer-reviewed journal articles versus atbeument types such as book
chapters, government/university reports, consultepprts, dissertations, working
papers and proceeding papers. The level of aggoegdifferentiates between single-
site studies and regional studies as previouslneef

Table 2.1 summarizes the variables included irattadysis. SM and RM differ
in select variables of fishing environment, studstinodology, surveyed population,
and literature type. For example, there are mdeslaGreat Lakes, and river or
stream resources valued in the SM than RM. Likewissre RP valuation approaches
were used in SM than RM. There are also more residsitors and journal literature
in SM than RM. These differences in the sub-metadee expected to affect the
estimated MR models.



Table 2.1. Meta-analysis variables and descripgtagstics.

Variable Description SM Mean RM Mean PM Mean
(Std. Dev.)  (Std. Dev.)  (Std. Dev.)
Natural log of CS Natural log value of consumempsus (CS) per person per day 3.36 (1.28) 3.72(0.96) 3.59(1.10)
and indexed to 2006 dollars
Fishing environment
Freshwater Qualitative variable: 1 if freshwdislining is being valued; 0  0.90 (0.30) 0.85(0.36) 0.86 (0.34)
otherwise
Saltwatef Qualitative variable: 1 if saltwater fishing isihg valued; O 0.05 (0.22) 0.15(0.36) 0.11(0.32)
otherwise
Both or unspecified Qualitative variable: 1 if both freshwater andwater fishing  0.05 (0.21) 0.00 (0.00) 0.02(0.13)
or unspecified; 0 otherwise
Marine Qualitative variable: 1 if marine or opgcean resource is 0.03 (0.16) 0.09 (0.29) 0.07 (0.25)
valued; O otherwise
Estuary Qualitative variable: 1 if estuary aylvesource is valued; 0  0.04 (0.20) 0.03(0.17) 0.03(0.18)
otherwise
Lake Qualitative variable: 1 if lake, pond oseevoir resource is 0.31 (0.46) 0.03(0.17) 0.14 (0.34)
valued; O otherwise
Great lake Qualitative variable: 1 if Great kaksource is valued; 0 0.16 (0.37) 0.05(0.21) 0.09 (0.28)
otherwise
River or stream Qualitative variable: 1 if rivaarstream resource is valued; 0 0.40 (0.49) 0.19 (0.40) 0.27 (0.44)
otherwise
Mixed-water body Qualitative variable: 1 if mixed-water body is wadl; O 0.05 (0.22) 0.06 (0.23) 0.05 (0.22)
otherwise.
Study methodology
Revealed preference Qualitative variable: &viealed preference (RP) valuation 0.72 (0.45) 0.40 (0.49) 0.52 (0.50)
approach used; 0 otherwise
Stated preferenée Qualitative variable: 1 if stated preference (&&yation 0.23 (0.42) 0.57 (0.49) 0.44 (0.50)
approach used; 0 otherwise
Combined Qualitative variable: 1 if both RP and SP valoat@pproaches 0.05 (0.22) 0.03 (0.16) 0.04 (0.19)

used; 0 otherwise

8¢



resident; O otherwise

Variable Description SM Mean RM Mean PM Mean
(Std. Dev.)  (Std. Dev.)  (Std. Dev.)

Zonal TCM Qualitative variable: 1 if RP and anabtravel cost modelis  0.16 (0.37) 0.13(0.34) 0.14 (0.35)
used; 0 otherwise

Individual TCM Qualitative variable: 1 if RP aad individual travel cost 0.53 (0.50) 0.25(0.43) 0.35(0.48)
model is used; 0 otherwise

RUM? Qualitative variable: 1 if RP and random utilitypdel is used; 0.08 (0.27) 0.05(0.21) 0.06 (0.24)
0 otherwise

Substitute price Qualitative variable: 1 if RRRlasubstitute price, index or 0.46 (0.50) 0.22(0.41) 0.31(0.46)
variable included in regression; 0 otherwise

RP Time Qualitative variable: 1 if RP and tiwagiable included in 0.52 (0.50) 0.32(0.47) 0.39(0.49)
regression; 0 otherwise

Open-ended Qualitative variable: 1 if SP andhegmded elicitation 0.05 (0.22) 0.39 (0.49) 0.26 (0.44)
method was used; O otherwise

Dichotomous choice Qualitative variable: 1 if &Rl dichotomous choice 0.12 (0.33) 0.17 (0.37) 0.15(0.36)
elicitation method is used; 0 otherwise

Iterative bidding Qualitative variable: 1 if @Rd iterative bidding elicitation 0.03 (0.16) 0.02 (0.13) 0.02 (0.15)
method is used; O otherwise

Payment card Qualitative variable: 1 if SP aagnpent card elicitation 0.00 (0.05) 0.02 (0.14) 0.01(0.11)
method is used; O otherwise

Stated choic@ Qualitative variable: 1 if SP and stated chdiedicitation 0.01 (0.08) 0.00 (0.00) 0.00 (0.05)
method is used; O otherwise.

Price or quality Qualitative variable: 1 if SP and substitute ircpror quality 0.03 (0.16) 0.04 (0.20) 0.04 (0.19)

substitute treatment is used; O otherwise

Surveyed population and mode

Resident Qualitative variable: 1 if visitor tyjgeresident; O otherwise 0.55 (0.50) 0.28 (0.450.38 (0.49)

Non-resident Qualitative variable: 1 if visitype is non-resident; 0 0.04 (0.20) 0.08 (0.27) 0.06 (0.25)
otherwise

Both Qualitative variable: 1 if visitor type is both i@snt and non-  0.40 (0.49) 0.53 (0.50) 0.48 (0.50)

6€



Variable Description SM Mean RM Mean PM Mean
(Std. Dev.)  (Std. Dev.)  (Std. Dev.)
Special interest grodp Qualitative variable: 1 if visitor type is speciaterest group 0.00 (0.00) 0.01 (0.07) 0.00 (0.06)
(club); O otherwise
Othef Qualitative variable: 1 if visitor type is othgregifically 0.01 (0.08) 0.10 (0.31) 0.07 (0.25)
targeted sub-population; O otherwise
Mail Qualitative variable: 1 if used mail survgye; O otherwise 0.60 (0.49) 0.35(0.48) 0@5Q)
In-person Qualitative variable: 1 if used ingumr survey type; 0 0.19 (0.39) 0.22(0.42) 0.21(0.41)
otherwise
Phone Qualitative variable: 1 if used phone sytype; O otherwise 0.06 (0.23) 0.32(0.47) @@2a1)
Mixed mode Qualitative variable: 1 if used mixaddes; 0 otherwise 0.12 (0.33) 0.09 (0.28)  (QOLBO)
Web-based and other Qualitative variable: 1 if used web-based & othgnvey type; 0.03 (0.17) 0.03(0.16) 0.03(0.17)
0 otherwise
Study attributes
Benefit unit Qualitative variable: 1 if CS idginally estimated as per 0.51 (0.50) 0.55(0.50) 0.53(0.50)
person per day; O if otherwiSe
Journal Qualitative variable: 1 if literaturgstyis journal, O if 0.33 (0.47) 0.21 (0.41) 0.25(0.44)
otherwise
Trend Qualitative variable: year when data itected, coded as 29.35(9.41) 27.87 (8.51) 28.43(8.89)
1960 =1, 1961 = 2,..., 2004 = 45
Aggregation Qualitative variable: 1 if the pang study is single-site or 0.38 (0.48)
subsite; 0 if regional studies (i.e. national, egional/
multistate, state, county, multi-county & multieit
Number of observations 347 573 920

Note: ?The omitted category.
® Also known as conjoint, choice experiment, attigbbased.
“For example, per group per day, per person pergepgroup per trip, per person per season, [ReIpgoer season, per person
per year, per group per year.

oy
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Variables such as time, substitutes, and journalamésome additional
explanation. Primary studies not incorporating tesea separate independent variable
in the demand function may underestimate CS. Wine& ¢osts are included in the
demand function, anglers who incur larger direstgor price per trip have an
incentive to increase their length of stay at fket® economize the number of long
distance trips to the site. On the other hand, amnnstudies not accounting for
substitutes may overestimate CS. Individuals withrarchoices from available
substitute sites have a flatter negative slopbendemand curve. The inclusion of the
journal variable in the MR model is a preliminaegt for possible presence of bias
due to publication selection. A more formal tesdl anrrection for publication
selection bias is discussed in the next sectioer-Reviewed literature tends to report
systematically lower WTP estimates for outdoor eation (Rosenberger and Stanley,
2006). Publication selection is influenced by tlblgcation culture and/or
researchers’ self-selections (Rosenberger and tdoh2009). Publication bias is
essentially a result of selective sampling, anduccevhen studies reporting
statistically significant results or academic wodataining positive results are being
published and others are not (Florax, Nijkamp, @fllis, 2002). Because of
publication selection, if only those studies thasged statistical cut-off points are
published, then non-published studies would beusted from the metadata.
Moreover, many studies (consultancy, governmem@geeports) undertaken in
economics may not be accessible for quantitativiea+aealysis. This situation results
in the inevitable exclusion of a body of valualsiormation, suppressing information

that may be important or relevant for BT (Smith &adtanayak, 2002).

Weighting and selection of functional form

When more than one estimate of value is provided byngle study, the study
provides relatively more influence on model restiiemn a study providing a single

estimate of value. Weights may be used to contmolihequal influences, such as
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using CS standard errors or number of estimatestpdy. Within-study weights sum
to one (see also Johnston et al., 2006; MrozeKratbr, 2002) when the number of
observations obtained from each primary study &ls the weight. Hence, each
study rather than each observation has an equghtei determining the regression
coefficients. However, when CS standard errorsiaesl as weights, about two-thirds
of the observations are lost due to a lack of rejglostandard errors in the primary
study documents, resulting in much smaller meta(®82 estimates). Preliminary
analyses show that the use of weights has littecebn the results, so an unweighted
meta-regression model was used.

Since different functional forms imply differencesmeans and variances
(Adamowicz, Flecther and Graham-Tomasi, 1989), botheighted linear and semi-
log MR models are estimated. Unweighted linearserdi-log MR models are
compared using Akaike's Information Criterion (Al@hich is:

AIC = Iog% :1 e’ +2WK' Equation (2)

AIC calculates the sum of a measure of the goodokss(i.e. squared residual error
for observation) and a penalty term for the number of free parameg) in the
model. This criterion penalizes for increases smnmber of estimators. The rule-of-

thumb is to choose the model with the lower AIC.

Dealing with panel data

Panel data refer to instances where greater thamlservation stems from the
same study, i.e. one empirical study that reporikiple estimates for a single issue.
Comparisons of functional form, different model gfieations, or valuation
methodologies result in multiple CS estimates feanh primary study. Thirty two
primary studies report a single estimate of CS evthik rest of the studies (111) report
multiple observations, ranging from 2 to 74 CSmeates. Panel effects may arise

since many of the value estimates come from theeggoup of studies, so it is
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possible that the value estimates may be correl@edelated CS estimates imply
biased standard error estimates (Nelson and Ken2é@9). The MR models should
address and adjust for this potential correlatimoag observations provided by the
same studies (Rosenberger and Loomis, 2000a; BatanthJones, 2003; Nelson and
Kennedy, 2009).

When panel effects are present, the results franauetric estimation such
as OLS given in equation (1) and related stepwageassion procedures "may lead to
inefficient and inconsistent parameter estimatsjihg to invalid inferences from
seemingly significant factor effects” (Rosenberged Loomis, 2000b, p. 460). To
address this concern, different approaches areestefly such as standardization of
variables in metadata (e.g. one estimate per siudiudy-level averages) (Engel,
2002; Lipsey and Wilson, 2001), or the use of palah methods (Rosenberger and
Loomis, 2000b; Sturtevant et al., 1996). The stagidation of values may result in a
loss of information (Nijkamp et al., 2002). The noidoundations of studies used in
meta-analysis are lost when regressing the avéragefit values on average values of
explanatory variables. Standardization of valuds phe researcher in a ‘N studies' vs.
'K regressors' dilemma: should the researcherigtadd explanatory variables (K)
that are not common to all studies (thus preserMraj the cost of K), or 2) discard
studies that do not include all key regressorss(fireserving K at the cost of N)
(Moeltner et al, 2007). Likewise, using one estenaer study or study-level averages
may result in a small sample for the meta-analyisthe other hand, Rosenberger
and Loomis (2000b) suggested panel stratificatfometadata using fixed-effect
model (a panel-specific constant component), randtiect model (a panel-specific
error component), and a mixed-effect model (botimepapecific error components).

Following Rosenberger and Loomis (2000b), the negtad stratified 'by
study' to capture dependency among estimates mowda single document. In
modeling the panel data, the fixed-effect and #melom-effect models are used. Other
candidate panel models are not tested, such asmsepariances model (no common
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error component) and a mixed-effect model (bothepapecific error components) in
this paper. A generic panel model is defined as:

Y = M +BX; +é€ Equation (3)
wherej is the stratification index ang; is the panel effect. In the fixed-effect model
(FEM), the panel effect parametgy, (intercept term) becomes:

Yy =y *BX; +é Equation (4)

The intercept ternar; is the panel-specific constant component for geotel

identified through 'by study' stratification indagi and the error componeist,, is
common to all observations across all panels. éréimdom-effect model (REM), the
panel effect is part of the random error varyingpas studies:

y; =a+BX; +& + 4 Equation (5)

where 4, is the panel-specific disturbance component wigamzero and variance

o, a common error componer,, and a common constant component,In an

unbalanced panel, which characterizes the metau#te paper, the disturbances in

the random-effect model have variance of the form:

0.2

vayi:gi + z%} = 0'".2 =g’ +_I__”, Equation (6)
it i

whereT is the number of observations in stydyhe random-effect with an
unbalanced panel is heteroskedastic, so this niw@stimated with generalized least
squares (GLS) (Rosenberger and Loomis, 2000b).

Heteroskedasticity, i.e. unequal variances of ffecesizes, is intrinsic to
metadata due to different sample sizes, differetitnation procedures, and sampling
variance (Florax, 2002; Smith and Kaoru, 1990). Wheteroskedasticity is present in
metadata, coefficient estimates from meta-regrasasie inefficient, and the variance
estimates using OLS are both biased and inconsiskemthermore, the usualand
F- test statistics will be severely biased. Most atgladdress heteroskedasticity issues

through the use of robust 'White-corrected' vaasyecifications (Rosenberger and
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Loomis, 2000a; Woodward and Wui, 2001; Johnstaad.eP006) or use 'Huber-White
covariance estimator' (Smith and Osborne, 199@hitnhpaper, the standard errors are
approximated using White’s heteroskedastic corcecteyariance matrix estimator.

Breusch and Pagan's Lagrange multiplier statisitfor cross-sectional
correlation and heteroskedasticity among the paseised to test the first null
hypothesis whether panel effects are significatthéhnmetadata:

Ho: ; =0, no panel effect (equal-effect) Equation (7)
Hi: 4 # 0, panel effect.

When panel effect is presenty (7) rejected), the second null hypothesis ef th
REM against the FEM is tested using Hausman's Qlu®d statistic test, which test
whether the panel effects are uncorrelated witkerathgressors. The REM assumes
orthogonality of the panel effect and regressors.

Ho: 4; arandom-effect Equation (8)
Hi: 4 a fixed-effect.

If the Breusch and Pagan's Lagrange multiplies failreject the klhypothesis
of equal-effect model, the Hausman specificatiah ienot applicable. When the
equal-effect cannot be rejected, the White's cteteeariance estimator can be

applied to ensure robust standard errors in théepdOLS.

Panel models and poolability test

Four panel model specifications, all unweightedlan-effect, are estimated
after testing for panel effects (Table 2.2). SNdased on single-site studies only,
wherein the 347 benefit estimates reported aresggded on the single-site and/or
sub-site levels. RM is based on regional studiégrein the 573 benefit estimates
reported are aggregated on the national, multe sstate, county, multi-county, and/or
multi-site levels. Both SM and RM are specifiedngs?26 explanatory variables. PM
(i.e. without aggregation variable) has the samedt&bles but was based on 920
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estimates. PNM(i.e. with aggregation variable) was based on@gainates and all of

the 27 explanatory variables (i.e. aggregationade added).

Table 2.2. Meta-regression models.

Singlesite Regional Pooled Model Pooled Model
Model Model  w/o aggregatio w/ aggregation

(SM) (RM) (PM) (PM")
Number of 347 573 920 920
observations
Number of explanatory 26 26 26 27

variables

The third hypothesis (poolability) tests whether g@stimated coefficient§)X
for X are the same across the split samples of printadyes aggregated as SM versus
those primary studies aggregated as RM:

Ho: By =By

Hi B85 % By

A Log-Likelihood Ratio (LLR) test is used to teshether the two subsamples,

Equation (9)

SM and RM, are from the same population and thezefan be pooled. LLR tests the
equality of coefficients using a standard Chow testhich the estimated parameters
are allowed to differ between aggregation partgiohthe data. The LLR test statistic
is:

-2*{[LL(SM) + LL(RM)] — LL(PM ")} Equation (10)
with ax? distribution and degrees of freedom equal to timalver of restrictions
imposed by the null hypothesis. LL(SM) is the ldglihood of the subsample for
primary studies aggregated as a SM while LL(RMh&slog-likelihood of the
subsample for primary studies aggregated as RMPMY(is the log-likelihood for
the PM. All the corresponding semi-log MR panel modeks estimated using
LIMDEP 8.0 (Green, 2002) and SAS 9.2.
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Test and correction for publication selection bias

Conventional MRA is susceptible to the distortidrpablication selection bias
if uncorrected (Stanley, 2008). A standard pradnicEIRA is to include the standard
errors €6 (or their inverse, i.e. precision) in a meta-esgion model (e.g. Equation 1)
to identify and correct for publication selectioas(Stanley, 2008), such that:

CS=a'+/][se,]+,8kXi + &, Equation (11)

However, not all studies report an estimate ofdsah errors for CS measures

they provide. Moreover, when a semi-log model isdu® compute CS, the

transformation of a statistical estim@ten the computation of CLS=1/ ,[3’

(Adamowicz et. Al, 1989) results in simultaneouted®ination of CS and its standard
error, which invalidates the MRA model in (11). HenStanley and Rosenberger
(2009) suggested using the square root of a stusdyigle size as a proxy for the
standard error of welfare measures to avoid thelsameity bias associated with
welfare measures and standard errors of priceicafts. In theoretical models,
publication bias is proportional to the inversdhad square root of sample size (Begg
and Berlin, 1988).

This paper uses the square root of the sampldsigentify publication
selection bias. The meta-regression model corrdotgalblication selection bias is
given by:

CS :a+/1{i}+,8ixi + &, Equation (12)

Jn

When there is no publication bias, the estimatéetesf will vary randomly
around the true effeet The sign ofl indicates the direction of the bias. When there
is no publication selection, the estimated pricefitcients (and CS) will be
independent of the sample size. The MR model vallenheteroskedastic errors, so

weighted least squares are used to estimate (12).
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Model Results and Discussion

Unweighted linear and semi-log MR models are egeohaccording to the
variables listed in Table 2.1. The MR models argebleon 140 original primary
studies reporting 920 estimates. The unweighted-k@pmodel has a lower AIC than
the linear model (2.79 vs. 10.76), so semi-loghigsen as the appropriate functional
form. As noted in Table 2.1, the dependent variabtbe natural log of CS per person
per day, indexed to 2006 dollars while the independariablebare all linear,
resulting in a semi-log functional form. The sewgffunctional form is chosen over
linear functional form because a) it fits well teetdata by its ability to capture
curvature in the valuation function and b) allowglanatory variables to influence CS
in a multiplicative rather than an additive man@@hnston et al., 2006).

The sportfishing metadata is stratified 'by stu@y.'unbalanced panel exists in
the sportfishing metadata since the number of ebsiens (CS estimates) is not
constant across all studies. The number of pajjeaks 140, with each study being
indexed as a panel. The number of estimates p@&l fpnanges from 1 to 74, with
mean of 6.53 estimates and median of 3 estimatdde .3 provides the result of
hypotheses test for the panel effects following'iyestudy’ stratification. For the first
hypothesis, the Lagrange multiplier statistic 0984 rejects the equal-effect model in
favor of a panel effect (p-value <0.01). For thess®l hypothesis, the Hausman test is
not successful in LIMDEP. In the literature, REMpigferred in meta-analysis over
FEM on statistical grounds. Nelson and Kennedy 9280 ggest that RE is the
appropriate model to be used because the degréegdom are retained in REM than
FEM resulting in more efficient estimates. The FE& disadvantages that may limit
its applications, such as: 1) if perfect correlatgxists between dummy variables, then
the slope of those moderator variables cannot tima&ed; and 2) FE software will
eliminate observations from primary studies repgronly one estimate. Therefore,
unweighted REM is used as the appropriate spetidicéor the MR models.
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Table 2.3. Hypothesis test results for panel dication ‘by study’ N=920;) = 140).

Test Hypothesis Statistic| Critical value| Result
(0=1%)
Lagrange | Ho: no panel effect 469.31 6.64 Reject equal effect
multiplier | Hi: panel effect (p-value < 0.01)
Chi-square| kt random-effect - - Random-effect
H.: fixed-effect preferred on
statistical grounds

Note:N = number of observations in the metadatanumber of panels in
stratification approach.

All of the three unweighted REMs are statisticaiignificant at p-value < 0.01
based on Chi-square statistics (Table 2.4). MRItefur the PM were not reported in
Table 2.4 since it was comparable with PIResults show an increasing number of
significant independent variables from SM (11) td RL4) to PM (19), which was
expected. When SM and RM are pooled (Rkhe equality of coefficients between

;?'JM and 'B;'JM are rejected (Hypothesis 3). The log-likelihooduitssare -457.45 for
SM, -640.65 for RM, and -1,231.55 for PMhe LLR test statistic is 266.90, which is
much greater than the critical value of 40.4djstribution based on 27 degrees of
freedom, p-value < 0.01). In this regard, the ®rgjte studies and regional studies are
different from the pooled model in terms of how gx@lanatory variables explain the
predicted natural log of CS. This result is suppdithy the statistically significant
‘aggregation’ variable in PMThis suggests that model specifications withedéft
aggregation levels of primary data will have sigr@ht multiplier effects on benefit

transfer estimates.



Table 2.4. Unweighted random-effect meta-regressiodel results.

Category Variable Single-site Model  Regional Model Pooled Model
Parametér (SE) Parametér (SE) Parametér (SE)
Constant 8.87 (1.05) 508 (0.68) 5437  (0.50)
Fishing environment Freshwater fishing -2.76 (0.49) -055  (0.20) -1.24°  (0.19)
Marine -0.74  (0.73) -0.45 (0.21) -1.047  (0.21)
Estuary -1.36°  (0.48) -0.48 (0.27)  -0.937  (0.24)
Lake 056  (0.38) 0.10 (0.22) -0.15 (0.16)
Great lakes -0.19  (0.47) 0.09 (0.20) -0.71"  (0.18)
River or stream 0.47 (0.36) 0.29 (0.14) 0.13 (0.13)
Study methodology Revealed preference -0.94 (0.39) -1.33  (0.59) 0.23 (0.24)
Zonal TCM -0.05 (0.30) 1.03°  (0.20) 051"  (0.17)
Individual TCM 0.60 (0.29) 1.197  (0.19) 0.69°  (0.15)
Substitute price -0.08  (0.18) -0.17 (0.16) -0.327  (0.12)
RP time 0.37 (0.16) 0.737  (0.16) 0517  (0.11)
Open-ended -0.48  (0.47) -0.62 (0.64) 0.87  (0.29)
Dichotomous choice 0.17  (0.37) -0.35 (0.63) 1.46  (0.28)
lterative bidding -0.63  (0.55) -0.59 (0.67) 0.97°  (0.35)
Payment card -1.42  (1.01) -1.34  (0.74) 0.31 (0.43)
Price or quality substitute -0.39 (0.38) 0.90°  (0.26) 0.23 (0.22)
Surveyed population Resident -0.29 (0.69) 0.47 (0.33) -0.27 (0.28)
and mode Non-resident 061  (0.74) 074  (0.35) 0.26 (0.31)
Both resident & non-resident 0.37 (0.71) 0.05 (0.33) -0.06 (0.29)
Mail -1.737  (0.38) -0.12 (0.23) -0.48  (0.21)
In-person -1.06 (0.36) -0.80°  (0.26) -1.05  (0.22)
Phone -1.58  (0.50) -0.30 (0.27) -0.747  (0.24)
Mixed mode -1.59°  (0.43) -0.23 (0.26) -0.80°  (0.23)

0S



Category Variable Single-site Model Regional Model Pooled Model
Parametér (SE) Parametér (SE) Parametér (SE)

Study attributes Benefit unit -0.41  (0.19) 034" (0.13) -0.18 (0.10)
Journal -0.12  (0.16) -0.737  (0.13) -0.29°  (0.10)
Trend -0.04° (0.01) -0.02° (0.01) -0.02°  (0.01)
Aggregation -0.24"  (0.11)
AlC" 918.9 1,285.3 2,465
Chi-square statistic 3489 60.89" 116.62"
Log-likelihood - 457.45 - 640.65 -1,230.50
Number of observations 347 573 920

Note: SE refers to standard errors, which is riggin parentheses, and calculated using White&rdskedastic corrected
covariance matrix estimator. TCM = travel cost noeth

2™ Statistically significant at the 1% level or befteat the 5% or better,at the 10% level or better.
® Smaller is better.

5]
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I nfluence of fishing environment

Freshwater fishings negative and significant in the three MR mogels
meaning that if freshwater fishing is valued, elgis lower estimates than saltwater
fishing or both freshwater and saltwater fishingnbined. This result may be a
function of the underlying metadata since freshwhsting studies account for 86%
of all the observations in the metadata. Whemineis valued, it is significant in RM
and PM, and yields lower estimates than mixed-water b&syuary is negative and
significant for the three MR modelGreat lakesvariable is negative and significant
only in PM’, meaning that fishing in Great lakes yield higastimates than fishing in

mixed-water bodylLakeandriver or streamvariables are not statistically significant.

I nfluence of study methodology

Revealed preferends negative and significant in SM and RM, but moPM",
suggesting that lower benefit estimates are adsacigith RP methods when
compared with SP and combined RP/SP methods, vidhiobt consistent with
Rosenberger and Loomis (2000a). The usezufreal TCMin RP models is positive
and significant in RM and PMimplying that it produces higher benefit estinsate
than other valuation techniques. Moreover, theaisedividual TCMin RP models is
positive and significant for all the three MR maglebtimated, meaning that it
produces a higher benefit estimate than other tialugechniques, which is consistent
with Shrestha and Loomis (2003), and Zandersenrah{?009). The inclusion of
substitute priceindexor variablein RP models is negative and significant in'PM
signifying that the when RP models correctly reflbe substitute variable, the
associated benefit estimate is lower (Rosenth@71LMoreover, the inclusion ¢ime
variable (not in $) in a regression increases #reeht estimate, which is not
consistent with Rosenberger and Loomis (2000a)Simdstha and Loomis (2003).

The use of ampen-endeelicitation method in SP models is significant qaditive
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in PM, implying that it produces a higher beneitimates than other elicitation
methods. The same result can be saidliciiotomous choicanditerative bidding
elicitation methods. On the other hand, the uggagment cardn SP models
produces a significant increase in benefit estinta®M than other elicitation
methods. Finally, the inclusion s@ibstituten SP models is significant and positive
in RM.

I nfluence of surveyed population and mode

When anon-residentisitor is coded in the RM, it produces a highendfa
estimates than other visitor typ&esident and both resident/nonresideatiables are
not statistically significant among the three MRdals. The use ahail, in-person,
phoneor mixed-modeppears to lower benefit estimates than otheresurgpes (SM

and PM). Onlyin-personvariable was significant in RM for the survey tgpe

Influence of study attributes

Benefit unitis negative and significant in SM and PMuggesting that if the
original study estimated benefits in units suclperstrip or per season, then this
tended to yield higher per day estimates than thbeady reported in activity day
units. On the other hand, it was positive and $iggmt in RM. There is a significant
and negative effect on use value estimates whemeany variable identifying those
estimates published in journals is added to thened model, which is consistent
with Rosenberger and Stanley (2006) other fishing MRA (Johnston et al. 2606
the journal variable was not significant. Tinend variable is significant and negative
for the three MR models, indicating that specifié Rave generally decreased at a
greater rate than inflation over time, contraryRwsenberger and Loomis (2001). This
is expected since researchers over time develop prodent survey designs leading

to lower benefit measures (Johnston et al., 20 aggregationvariable is
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significant in PM (p<0.05), meaning that if primary study is aggregated single-
site or sub-site level, it has negative effect enddit estimates than when a primary
study is aggregated on a national, eco-regionatirstate, state, county, multi-county
or multi-site level. This finding confirms the rdisabove that the single-site and
regional sub-metadata are one of the many impostamgroups representing different
populations.

To investigate the impact of different sub-metadatdhe MR model, selected
explanatory variables in the PMre intersected with the aggregation variables&éhe
intersections in the MR model accounted for stnadtdifferences between the sub-
metadata. Intersected variables that have notstatisignificance are dropped,
signifying that the sub-metadata is structuraliyifar for that variable. Interpretations
of the coefficients in Table 2.5 are the same a&aiole 2.4. When interpreting the
coefficients with a sub-metadata, the original alale measures the general effect of
the unspecified group. For example, siegle-site studieaggregation effects are
measured bgggregation*freshwater fishing@ggregation*estuaryand
aggregation*mailcoefficients while the original variable coeffictglaggregation)
measures the effect of the omitted metadata safregieonal site studigs

The coefficients foaggregationandaggregation*freshwater fishingre of the
opposite sign, though the magnitude of the coeffits are not statistically different
from each other. In this regamingle-site studieare more likely to provide smaller
CS estimates when reporting foeshwater fishindaggregation*freshwatgr In the
same wayaggregation*estuarys negative and statistically significant, suggesa
negative relationship with CS estimat8sgle-site studiethat included time variable
in regressiongggregation*RP timeare more likely to provide smaller CS estimates.
Likewise, single-site studies that surveyed redidesitors @ggregation*residentor
used mail survey typ@ggregation*mai) are more likely to provide smaller CS
estimates. On the other hand, the coefficientgolamal andaggregatiorijournal
were of the opposite sign, suggesting a positilaiomnship with CS estimates.
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Table 2.5. Parameter (standard error) estimatthéosub-meta differences
unweighted meta-regression model.

Category Variable Parametér SE
Constant 545 0.47
Fishing environment Freshwater fishing -0.40 0.19
Marine -0.45  0.20
Estuary -0.13 0.27
Lakes 0.07 0.16
Great Lakes -0.09 0.18
River or stream 078 0.13
Study methodology Revealed preference -0.78 0.25
Zonal TCM 0.27  0.16
Individual TCM 0.69° 0.14
Substitute price -0.18 0.12
RP time 1.05 0.14
Open-ended -0.33 0.29
Dichotomous choice 0.31 0.27
Iterative bidding -0.25 0.34
Payment card -0.92 041
Price or quality substitute 052 0.21
Surveyed population and mode Resident 0.35 0.27
Non-resident 0.67 0.29
Both resident & non-resident 0.13 0.26
Mail -0.30 0.21
In-person -1.08  0.20
Phone -0.76  0.22
Mixed mode -0.89  0.21
Study attributes Benefit unit 0.04 0.09
Journal -0.88° 0.13
Trend -0.03° 0.01
Aggregation 2.80 0.29
Interaction variables Aggregation*Freshwater fishing 245 0.26
Aggregation*Estuary -1.48 0.38
Aggregation*RP Time -0.70 017
Aggregation*Resident -0.85 0.19
Aggregation*Mail -1.227  0.21
Aggregation*Journal 0.89 0.18
AIC 2,283.4
Log-likelihood -1,139.70
Chi-square 89.8
Number of observations 920

Note: SE refers to standard errors, which is regubint parentheses, and calculated
using White’s heteroskedastic corrected covarianaix estimator. TCM = travel
cost method®™ Statistically significant at the 1% level or betteat the 5% or better,
" at the 10% level or better.
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Publication Selection Bias

This section addresses the question, Is publicatdection likely to cause
large biases in the sportfishing literature? Ifrspablication selection bias exists, the
result of theroot-n estimatean give us a ‘better’ true effect estimate amdation of
bias (Stanley and Rosenberger, 2009). rfbloé-n MRA of sportfishing values, shown
in Table 2.6, is estimated using Equation (12)whksed above. Recall that the raw
average CS is $58.88 per person per day (in 200&rs)p with a standard error of +/-
$1.94. The estimated true effea},(i.e. the magnitude of the empirical effect
corrected for publication selection, is $98.42 hwatstandard error of +/- $26.12,
which is statistically different and higher CS ssite than the sportsfishing literature
mean of $58.88. There is also evidence of downwarslamong sportfishing values
(A is negativet=3.33). By this MRA estimate, a study that uses di@€ervations
underestimates CS by $10.31, while 10,000 obsemnsimply an understatement by
$1.03. Hence, sportfishing values reported forissithcluded in the analysis for this
paper may be systematically underestimated.

Benefit Transfer Comparison

The results from SM, RM, and Pliwreferred to as meta-regression benefit
transfer functions, are applied to predict out-afaple CS per person per day values.
Out-of sample original CS are obtained from spsinifig valuation studies in North
America that have become available after the estomaf MRBT functions or studies
not included in the metadata. If the original béregftimates are not reported in per
person per day, they are converted to CS per pgmioday. All original benefit

estimates are adjusted to 2006 US dollars usingplicit price deflator.
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Table 2.6 Root-nmeta-regression analysis of sportfishing values.

Category Variable ParametéSE

True effect o 98.42" (26.12)

Direction of bias A -103.06~ (30.96)

Fishing Freshwater -68.11 (14.93)

environment Marine -34.53 (18.22)
Estuary -54.13 (23.09)
Lakes -31.71 (7.22)
Great Lakes -37.09(8.33)
Rivers or stream 0.49 (5.47)

Study methodology Revealed Preference 56.8.82)

Zonal TCM
Individual TCM

RP Substitute
Open-ended
Dichotomous choice
Iterative bidding
Payment Card

SP Substitute

22.81 (11.28)
19.77 (11.04)
-8.94 (7.36)
57.67(18.11)
68.73(16.89)
71.74 (20.21)
-13.28  (18.12)
38.07(11.65)

Surveyed population
and mode

Resident

Non-resident

Both resident and non-resident
Mail

-33.40 (11.73)
7.26 (16.32)
-AXA011.49)

-7.09  (13.74)

In-person -35.90 (13.66)
Phone -28.04 (13.54)
Mixed-mode -19.73  (15.29)

Study attributes  Benefit unit -1.69 (5.50)
Journal 219 (6.38)
Trend 0.95 (0.34)
Aggregation 3.66 (7.33)
F-statistic 10.75
Adjusted-R 0.24
Log-likelihood -4,470.23
Number of observatiol 833

Note: SE refers to standard errors, which is regubirt parentheses, and calculated
using White’s heteroskedastic corrected covarianaix estimator. TCM = travel

cost method

@™ Statistically significant at the 1% level or betteat the 5% or better,at the 10%

level or better.
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The characteristics of the selected non-randonobs&mple studies are
reported in Table 2.7. Three estimates from thfde out-of-sample studies belong
to the two-tails of the in-sample CS distributi@ported in Figure 2.4. The original
benefit estimates ranges from $1.16 to $294.36igli and low tails are excluded, the
original benefit estimates ranges from $18.88 19.98. CS values computed using
MRBTFs are estimated incorporating out-of-samplegicharacteristics. To do this,
relevant variables in the MRBT function are setoadmg to the original out-of-
sample study (e.qg. if freshwater fishing, this &hle was set to 1, 0 otherwise). The
trendvariable is set to a number to reflect the yeardaita is collected. Estimated CS
values using MRBTF are corrected for bias afteatagmic transformation following
Stynes, Peterson, and Rosenthal (1986).

The out-of-sample original CS estimates are contperéhe MRBTF
estimated CS values, by computing the percentdtgretice {):

y= l:CS\/IRBTF - Csbriginal
Csb@mu

where CS g is the benefit estimated using the MRBT functiomsBl&/CS, ., is

}‘ 100%

the out-of-sample original benefit estimate. Thecpetage difference evaluates the
convergence between the CS values estimated thid&Bil functions and original
out-of-sample CS values. When the out-of-sampldysteports multiple estimateg,

is computed for each estimated CS values.



Table 2.7. Out-of-sample study characteristicslzarkefit comparison.

Study Number of  Aggregation Study Original Estimated Benefit v (% difference)
observations level methodology benefit SM RM PM* SM RM PM*
estimat@
Parsons,
Platinga and 1 State RP, RUM 1.16 5.21 5.81 9.78 349.01 400.743.12
Boyle, 2000
18.88 26.17 2373 3093 3864 2571 63.83
18.60 26.17 23.73 30.93 40.69 27.57 66.25
Kling and o 38.11  26.17 2373 3093 -31.33 -37.73 -18.85
Thompson, 6 Multi-site RP, RUM
1996 45.14 2715 4440 27.63 -39.86 -1.62 -38.79
57.37 27.15 44.40 27.63 -52.68 -22.60 -51.84
99.96 26.17 23.73 3093 -73.82 -76.26 -69.06
Larson and . . RP,
Lew, 2005 1 Single-site individual 96.15 49.66 4536 55.33 -48.35 -52.83 -42.46
’;ggoeta"’ 1 State RP, RUM 188.24 610 1044 21.84 -96.76 4®4. -88.40
Provencher,
Baerenklau, 1 Single-sitt  RP, RUM 294.36 8.23 2296  9.06 -97.22.20 -96.92
and Bishop,
2002

Absolute average 86.83 83.17 127.95
Absolute (excluding high/low tailS) 46.48 3490 50.15

2 Indexed to 2006 dollars, at 95% confidence inteR/A relatively smaller (% difference) indicates convergence.

Negativey indicate underestimatiofBased on two studies only, i.e. Kling and Thomps®®6; and Larson and
Lew, 2005. RP = revealed preference. SM = sing¢ersbdel. RM = regional model. RUM=random utilitpdel.

TCM = travel cost method.

6S
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The magnitude of is relative upon the original benefit estimate.
Overestimation is of particular concern when orfji@S values are around $1 per
person per day value. Original CS values fallinghie high tail distribution of the in-
sample CS result in underestimation. Excluding taigd low tails, the absolute
values was 34.90% for RM, 46.48% for SM, and 50.16€#M+. As expected, RM
predicted closer values of benefits with the ousaiple CS since most values are
regional estimates. There is no definitive conduaghat can be reached from this
application given small out-of sample observatibimerefore, using certain protocol in
BT applications, either RM or SM is expected ta@ase the likelihood of producing
the lowest error when there is convergence indugly' and ‘policy’ sites
characteristics. On the other hand, values thabradly applied to the region cannot
provide specific values for certain local 'poligyestion of interest. Indeed, there is a

trade-off associated with this specificity versesigralizability of results.

Conclusions

This paper evaluates aggregation structure of pyimesearch studies and
their implication for benefit transfer using metgression analysis. This goal is
accomplished by following the 'best-practice’ glires for meta-analyses using the
sportfishing valuation studies. Unweighted semi+togdel specification is used since
it fits the metadata best. The MR models are atscected for panel effects using a
random-effect, following by study panel specifioati

Three MR models: a single-site model, a regionallehcand a pooled model
(combined single-site and regional studies) arepared based on their statistical
significance and predictive power based on outamysle error predictions. Structural
shifts in the metadata are mainly attributed tofthkewing variables: freshwater
fishing, estuary, RP time, resident visitors, nsailvey type and journal. Based upon
the log-likelihood ratio test result, the two suletadata models (single-site and
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regional) are not from the same population. Ovetladl regional model has more
significant explanatory variables than single-sit@del. Using the out-of-sample
validity test, results reveal that the estimateat@et difference using the regional
model is lower than single-site and pooled mod&sexcluding high/low original CS
values for the transfer studies, the relative perémce of the RM model increases
over the other two models; however, with the sreellof out-of-sample studies, these
results remain inconclusive as to which model migbitk best in real-world policy
settings.

Following the ‘best-practice’ guidelines for metaadysis, this paper shows
that welfare aggregation differences among prinséugies influence the direction and
magnitude of biases that are carried forward irebetransfer applications. In
particular, benefit transfer error depends on #searcher’s choice of primary studies
to include in metadata, model specification, areithit of welfare aggregation level
to consider. The findings suggest that when doigkit transfer based on meta-
regression benefit function, researchers shouldidenthe appropriate level of
aggregation. Following certain protocol, it candagd that there is no single
‘appropriate’ level of aggregation. Depending anatailable studies and objectives of
the valuation study, some construct at differeméle of aggregation may be better. It
is possible that a particular unit of analysis rbayappropriate in some instances.

There remain some challenges in conducting metbssiador benefit transfer.
The general lack of reporting about characterisifahie primary study contexts in the
literature, information which may be pertinent bamefit transfers, remains a concern
(Rosenberger and Stanley, 2006). For examplesgéeific characteristics are rarely
available in the primary valuation studies. Likegyisnportant socio-economic
variables are not reported in many of the primangies. There might be other
variables that are significant in explaining theia@on in CS values across empirical
studies, which were not reported, but these factarsgin as unobserved

heterogeneity. The implication of poor reportisghat conventional and meta-
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analytic benefit transfers might be improved witbreinformation provided by
primary studies.

Although results indicate that the model's stat@tiit is quite good, the
sportfishing metadata is heavily skewed with theratance of freshwater primary
studies. This possible weakness in the metadatd bewalleviated over time by
increasing the number of original primary studtest valued saltwater fishing.
Likewise, standardizing the types of variablesedririuded and facilitating access to
data from these studies is necessary. It woulshteeasting for future research if the
same result would come out when additional saltmfeggking studies are appended to

this growing database of sportfishing articles.
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Notes

! Welfare estimates are based on marginal valuisiofvhile this paper is based on
access value of fishing

2 Aggregation, in this paper by Lupi and Feathe®@)9refers to the grouping of
individual sites into larger sites.

3The number of studies employing each valuation pdgtogy does not sum to the

total number of studies because some studies ueckedt valuation methods, from

which multiple observations were derived.

* Some variables are excluded from the model beadatseare incomplete or missing

from most studies in the sportfishing metadatar éxample, only 57 out of 143

studies reported sample summary statistics of engme other variables are

excluded because of a clear lack of variation®mes of the estimated models.

®Care is needed in comparing the resilte metadata used in this essay is different
from the metadata in Rosenberger and Stanley (20@&-analysifkosenberger
and Stanley (2006) tested the publication dummiatbées using the Rosenberger
and Loomis (2001jneta-analysis, which include literature review thadéns 1967 to
1998 and covers 21 recreation activities plus egmaty for wilderness recreation.

®When an OLS unweighted semi-log MR model is usstead of the random-effect
panel MR models, the absolytealues was 53.69% for PM, 63.46% for SM and

253.09% for RM.
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CHAPTER 3 - ESSAY 2
ADDRESSING DEPENDENCY IN THE SPORTSFISHING VALUATIO N
LITERATURE: IMPLICATIONS FOR META-REGRESSION ANALYS IS
AND IN-SAMPLE BENEFIT PREDICTION PERFORMANCE

Abstract

The sportfishing literature contains about 140 pspieat provide benefit
estimates of the access value for fishing in th#ddnStates and Canada. This paper
examines the implications of addressing dependenthye sportsfishing valuation
literature using meta-regression analysis (MRA) emalesponding benefit-transfer
(BT) performance. Meta-analysis is applied to vasitreatments of data dependency
in the sportsfishing metadata. The ‘all-set’ metadeses all of the available benefit
measures reported in the primary studies. Two ambres for controlling data
dependency in the ‘all-set’ metadata include weighof the metadata and using
panel data estimators. Two treatments of the m&ddaavoiding dependency
include a ‘best-set’ metadata (comprised of the &eailable benefit measures
reported in a study as identified by methodologaradl sample criteria) and an
‘average-set’ metadata (comprised of the averageflteneasures reported in the
primary studies). Results show that the modetfliest achieved when the MRA is
based on weighting the ‘all-set’ or using the ‘aga-set’, which are complementary
of each other. The weighted ‘all-set’ model resdiitethe highest number of
significant variables among the models estimaténQing the underlying structure
of the metadata changes the magnitude and sidrea@stimated parameters of the
fishing environment variables. Results of in-santpleusing jackknife data splitting
technique show median absolute transfer error9%f tb 48%. The median absolute
percentage transfer error is lower for the metaeggion (MR) models based on a
single value, i.e. ‘average-set’ and ‘best-set’adata than the MR models based on
‘all-set.” Higher transfer error may be explaingddummy variables that are related

to measurement errors and publication selectios intzerent in the primary studies.
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Introduction

Meta-analysis is an important methodological thalttcan generate
meaningful comparative results of empirical datanform policy decisions. Given its
potential applications, there has been a dramatiease in the use of meta-analysis
over the past decade. Yet in spite of its potewtalribution, Nelson and Kennedy
(2009) noted that new meta-analyses appear toeggeveral basic methodological
and econometric issues that would define a complederigorous analysis. In
particular, several methodological pitfalls mayafhsiate the conclusions of a meta-
analysis when insufficient attention is given tatine problems encountered when
basic statistical procedures are applied to mesadtterogeneity among studies and
dependency among the observed effect sizes in ¢tadata are two of the
methodological pitfalls that are detrimental to wadidity of meta-analysis (Glass et
al., 1981; Florax, 2002). Nelson and Kennedy (2@8phasized the need to place a
high priority on adjusting for correlated effecsiestimates, both within and between
groups of studies. Awareness of these issues anections for possible biases caused
by them will help increase the validity and religiiof meta-analysis results, and be
able to detect the true effect size or true impachoderator variables.

Heterogeneity in metadata refers to effect sizenasés from primary studies
not all estimating the same population effect (Neland Kennedy, 2008). There is
heterogeneity in the metadata because of thedraticamodeling perspectives
(valuation method, functional form, research desigehavioral aspect (population
characteristics, income differentials) (BrouwerQ20Florax, 2002), and inherent data
characteristics (Stanley and Jarell, 1989). Hetmedy in primary study variables,
estimated models, and recreation activities limgt parameters that can be included in
meta-analysis, resulting in lower coefficient ofefenination &%) and higher errorcj
in MR models (Engel, 2002), which can be carriesvard in BT. Heterogeneity of
metadata may cause biased value estimates in melgsas due to underspecification
when used for BT predictions (Boyle and Bergstr@892; Loomis and Rosenberger,

2006) and may limit the ability to measure diffezes within a population at a higher
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resolution (Adamowicz and Deshazo, 2006). Whilefrwgeneity is a fact of metadata
and proper specification is important, it is nat focus of this paper.

Dependency or correlation refers to a departutevofrandom variables from
independence. Correlated effect-size estimatesyitvipsed standard error estimates
(Nelson and Kennedy, 2009). Reasons for correlaticiide 1) multiple sampling per
study to obtain a sufficient number of observatiforaneta-analysis (i.e. between
study correlated observations); and 2) researcbpating more than one benefit
measure for each primary study (i.e. multiple eaten from the same primary
study—uwithin-study autocorrelation). In the spatiing metadata, the average
number of benefit estimates reported is 6.3 pengny study (median = 3) and range
from one to 74 estimates. When multiple estimatas fthe same study are recorded
in the metadata, meta-analysis results may bedoiago lack of independence of
observations (Wood, 2008; Strube, 1987; Glass.e1981). Failure to adjust for
dependency will inflate the likelihood @fype | errorwhen comparisons are made
acrossstudies. Likewise, dependency will inflate theslikood ofType Il errorwhen
comparisons are made among or between differenbméswithin studies(Strube,
1987). To minimize dependency, meta-analysts shasgdconsistently defined
outcome measures (effect-sizes), and similarlynegefipopulation characteristics and
research objectives (Florax, Nijkamp, and Willie02), when possible. Consistency
and comparability of primary study outcomes isrmpartant ingredient for a robust
meta-analysis.

Since dependency and heterogeneity are inevitabteetadata, what
approaches should be employed to minimize theacedf? Lipsey and Wilson (2000)
suggested two simple approaches to handle thasesisghe first approach is to base
the meta-analysis only on the ‘best’ evidence §ietecting a single estimate) while
the second approach is to use a single ‘mean’ (akigaking the average). Other
approaches that have been used to address thesg &@s panel model estimators
(Rosenberger and Loomis, 2000b; Sturtevant e1@86), and hierarchical/multilevel

estimation procedure (Bateman and Jones, 2003stimhet al., 2005) on all reported
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empirical estimates in primary studies. When regeéocus is on identifying the
sources of heterogeneity in metadata, using atirted estimates in the literature is
suggested (Doucouliagos and Ulubasoglu, 2008)a&aHe issue of dependency
through the use of single 'best' estimate andagetestimate has not yet been fully
addressed through empirical research in environmhembnomics meta-analyses.
This paper examines meta-analytic procedures tkaised when one or more
of the studies in the metadata contain multiplesusss of benefits. Specifically, this
paper addresses the research question, “Are thenbidel results statistically the
same for the ‘all-set,’” ‘best-set,” and ‘averagé-seetadata?” as applied to the
sportfishing valuation literature. This paper camgs with recommendations for

study selection and methodological protocol whemde@ting a meta-analysis.

Approaches to Multiple Estimates

Let the MR model be defined as:

y,=a+ B X, +¢ Equation (1)
wherey is the dependent variable, which is the vectaC8fper person per day of
sportsfishing converted to 2006 dollars reportadssthe individual primary studies,
i that indexes each observatiofis a matrix of explanatory variables (the idenbfea
characteristics among the different studies) thabant for systematic components

explaining the variation ig; ande is a random error component with mean zero and
variances’ . The parameters (constant term common across all observationspand

(slopes) are estimated by:

B

whereT =WZzW , Wis a diagonal matrix with weights arxis a block-diagonal

{a} =(x TEX) X T Equation (2)

matrix with error variances.
There are at least three approaches to deal wittiphetestimates within
studies: 1) 'all-set’ approach; 2) 'best-set' agoggrpand 3) 'average-set' approach.

When primary studies provide multiple estimatesaltie, one approach is to code all
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of the estimates reported in primary studies inntfe¢adata (‘all-set’ metadata),
treating each estimates as independent observalimlependence of studies (and/or
estimates) suggests that the different studieddaredtimates) included in the
metadata are concerned with different groups opleeor with different populations.
When benefit measures are independent from eaeh, @ththe covariance terms are
zero and the estimate of the standard deviatidgheofinear combinations of studies is
based solely on the main diagonal of the variarmeigance matrix (Strube, 1987). In

this approach, all weights equal\W,=1,,, wherel , is the identity matrix of ordevl

x M, and the error at the study level is assumed Zére parameters, andp, are
estimated via ordinary least squares (OLS).

However, not all studies are contributing the sammber of estimates;
therefore, some form of weighting of the data tpuieed. The use of weights is needed
since studies with many estimates may have a la&feet on the results of the meta-
analysis than studies with fewer estimates (Ros#nt®91). In this case, multiple
estimates are treated as independent weightedagetinwhere weights are defined

by: w,; =M /M, J, forall j =1, 2, ..., J. When the number of estimates from each

primary study is used as the weight, the withirdgtweights sum to one (see also
Johnston et al., 2006; Mrozek and Taylor, 2002nhdde each primary study, rather
than each observation, has an equal weight inmetarg the regression coefficients.
In other words, the sum of the weights equals tiraber of estimates reported within
a primary study. Weights are applied by placinggteare root of the weights onto
the diagonal of artMxM matrix, thereby forming the diagonal matk¥, with zero's
as off-diagonal elements. The parameterandp, are estimated via weighted least
squares (WLS).

Assuming multiple estimates from a single studyiadgependent of each other
is likely a weak assumption that can bias modalltegNelson and Kennedy, 2009).
Panel data methods are one of the recommendedaabyg®to controlling for
dependency in metadata (Rosenberger and Loomi®ph2@durtevant et al., 1996). A

general panel meta- regression model is written as:
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Y, =a +B.X; +& Equation (3)

wherej is the stratification index. Essay 1 provides taitied discussion of the panel
methods and associated hypotheses tests.

With current reporting practices, estimates of c@reces are generally not
given or difficult to estimate, implying greateffdaiulty for controlling dependency in
the presence of multiple estimates. Thus, as pusiyaoted, two approaches are
suggested for removing data dependency due topteuttstimates from the same
source by coding a single estimate per study:d e of a single 'best' estimate per
primary study (Doucouliagos and Ulubasogla, 200&6isbin and Kennedy, 2009), or
2) the use of study-level averages (Hunter and 8tth2004). In these approaches,
multiple estimates are eliminated through the $ele©f a single estimate or avoided
by aggregating multiple estimates (i.e., recordingaverage value for multiple
estimates). In either case, the resulting metaataaomprised of independent

observations that do not require the use of wei@edV = I, wherel ; is the

identity matrix of orderJxJ (Bijmolt and Pieters, 2001)) and do not have a pda&
structure. The parametersandp, can then be estimated via OLS.

The 'best-set’ approach uses only those studi¢diibaanalyst regards as
superior according to some criterion. Exampleseatanates favored by the author
(Whitehead and Aiken, 2000), or used a particuktesof-the-art estimation
procedure (Adamowicz, Louviere and Williams, 199)r those studies reporting a
single estimate, they are treated as best-estifnat#isough the simplest method of
using one estimate from each primary study is aféeommended (Lipsey and
Wilson, 2000), it has been criticized in that résahay summarize only a narrow
domain of available evidence and have less gehesatfice the analysis is based on a
smaller sample.

The last approach in dealing with multiple estirsageto use the average

estimated valuk_sj):
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Equation (4)

wheren is the number of estimate for primary stydin a study of wetlands-based
recreation, Bergstrom et al. (1990) noted thatayewvalues may be useful for
comparing aggregate values of wetland size relatithe size of the total area.
However, this standardization of estimates maylt@sa loss of information, i.e. the
micro-foundation of studies used in meta-analyNigkamp et al., 2002). Again, if a
study reported a single estimate, then this estinsancluded in the ‘average-set’
metadata. The next section discusses the colleafistudies and coding of best and

average estimates.

Data Collection and Coding of Best and Average Estiates

Primary studies on the access value of outdooeation in the U.S. and
Canada were collected through searching databfaseslly requesting documents/
references via e-mail, listserves, postal mail andhone, analysis of citations and
careful study of references. This study focusespmrtfishing valuation data in the
broader outdoor recreation use values databasesedeas sufficient previous
primary studies and reported the most number ahasts among outdoor recreation
valuation studies. The sportfishing values metaoeffades 140 primary studies that
were published between 1969 and 2006 (AppendiEB3ay 1 describes the coding of
variables for the 'all-set' metadata. The discusb&low describes the coding of
‘average' and 'best’ estimate.

Two datasets (or sub-metadata) are generated ol sportfishing metadata
(i.e. ‘all-set’). The first dataset is the 'best’se&hich is comprised of 'best estimates’,
while the second dataset is the ' average-setthwkicomprised of '‘average
estimates.’ Both the ‘best-set’ and the ‘averageesmtain independent and
dependent observations depending on primary stedyments of their underlying
sample data and the number of estimates reportddpéndent data are single
observations from independent studies, and muléptanates in a single study that
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are based on different samples, different resoudiéfsrent valuation methods (e.qg.,
SP and RP data derived from the same sample)Detpendent data are multiple
observations in a single study that are derivedifersame resource, using the same
methods, and relying on the same underlying samjplerefore, even though some
studies report multiple estimates, it is the datacture underlying these estimates that
determines whether or not they are classified ssnpially dependent.

Figure 3.1 outlines the detection heuristic in agdbest' and ‘average'
estimates reported in the primary sportfishing tsidT he first step starts with
identifying studies that report a single estimatas estimate is carried forward and
coded independently as the 'best' and the 'avezatiate for these studies. A total of
31 primary studies (or 22% of the total number minary studies) report single
estimates of CS.

The second step evaluates primary studies repartirtple estimates of
welfare measures, whether each estimate provideding to a separate sample, i.e.
multiple estimates, multiple samples, with a on@te correspondence. These
estimates are carried forward as independent estsnaad coded as 'best’ or 'average'
estimates. There are 65 primary studies (or 46¥%efotal number of primary
studies) that reported multiple estimates but @@éd as independent samples
because of different sample sizes, geographicitwtatear the data is collected,
visitor-type, water-body type, fish species, omnaion methodology. For example,
Martin et al. (1974) in their study on the demaodénd value of fishing in Arizona
reported 13 independent estimates, one each frodifféBent samples of anglers.
Likewise, Morey et al. (2002) reported two indepemdestimates that correspond to
mutually-exclusive resident and non-resident papania.
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The remaining 49 studies (or 35% of the total nundig@rimary studies)
report dependent observations. When a primary gtejlyrts multiple estimates but
has a single sample, these estimates are codexpasdknt observations. For
example, Strong (1983) reported three dependemasis from the same sample size
of 81 but employed different RP functional form&ieTaverage’ is taken from these
three dependent observations. On the other haadgllected ‘best’ estimate is the one
favored by the author. If the study author(s) ditl explicity state a favored estimate,
then a single best estimate is selected from degpgmdultiple estimates when 1) an
estimate has a relatively lower standard error ayjmeported price or bid coefficients,
2) an estimate has a relatively larger sampletbize other estimates, or 3) an
estimate is unique to a site, location, or spestegyht,ceteris paribus

The third step performs a content analysis onfriiglaictivity, such as fishing
type, species sought by anglers, and mode of fisfhen a primary study reports
multiple estimates, multiple samples with a on@#te-correspondence, and the same
or different fishing activity, these estimates eoeled independent observations. These
independent estimates are coded ‘best’ and ‘aveéfageexample, Cooper and
Loomis (1990) used five different datasets fronfedént years and sample sizes; these
five estimates were coded as independent. US RdMéldlife Service studies like
Waddington et al. (1994), report estimates foredldht fish species per US state, with
each state having an independent sample of artersndependently valued several
fish species, thus each estimate provided is ¢ledsis independent.

The fourth step performs a content analysisitencharacteristics and trip
location. Comparisons of characteristics are madaéter body type, number of sites
evaluated, mode of trip, and total site visits. Whegrimary study reports multiple
estimates, multiple samples with a one-to-one spoedence, and the same fishing
activity and location, these estimates are codddpandent observations. In the same
way, primary studies reporting multiple estimateseris paribusbut with different
locations with one-to-one correspondence are coubgpendent observations and

coded as 'best’ or 'average' estimates. For exathpe estimates reported by Mullen
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and Menz (1985) are coded independent observatidrish corresponds to lakes or
streams. Likewise, eight estimates reported by &duitd Habb (2000) are coded
independent observations, one estimate each f@dhtheastern states- Alabama,
South Florida, North Florida, Georgia, Louisiandssissippi, North Carolina and
South Carolina, all based on independent underlyamgples of anglers.

The fifth step performs a content analysis on madhagies employed in the
primary study. Comparisons of characteristics aael@rfor valuation methodology,
whether Revealed Preference (RP) or Stated Pref(&#®) or both RP and SP are
used. When a primary study reports multiple es&ésatingle sample, same fishing
activity, location, or methodology, these estimatescoded dependent observations.
However, when a primary study reports multipleraates, multiple samples with a
one-to-one correspondence, and the same fishingtyclocation, or valuation
methodology, these estimates are coded indepentsatvations. In the same way,
primary studies reporting multiple estimates ardecbindependent observations when
they employed different valuation methodology facle estimate;eteris paribus
These independent estimates are coded ‘best’ ardage.’ For example,
Adamowicz, Louviere, and Williams (1994) reporteteestimate for RP, one
estimate for SP and one estimate for combined RIFS&h

The last step compares SP elicitation methods aiypés. If SP is coded, the
SP elicitation method employed, etc. are compdadedthe other hand, if RP is coded,
RP types, functional form, time variable, etc. emenpared. When multiple estimates
vary only in methodological characteristics, sustaaifferent wage rate used, they
are coded dependent observations. A 'best’ estimal®msen among the estimates
provided and coded in the 'best-set’, while theagesvalue is taken and coded in the
‘average-set.' For example, Chizinski et al. (2@35mated the economic value of
angling at Lake Kemp with four different percentaigé wage rates employed for the
value of travel time: 25%, 33%, 50% and 100%. is tase, the estimate based on
33% of the wage rate is recorded as the 'besthatisince this corresponds with the

recommended level (e. g. Hellerstein, 1993; Englid Cameron, 1996; Coupal et al.,
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2001; Bin et al., 2005; Hagerty and Moeltner, 20@H)erwise the estimates are
averaged for the ‘average’ estimate.

For primary studies reporting multiple estimatethwihe same underlying
sample but using different methodological treatraeritthe primary data, the author
favored estimate is coded as the best estimateexaonple, Douglas and Taylor
(1998) report five estimates; all are based omapsasize of 591. One estimate is
approximated using SP method (open-ended), hertmxdadependent observation
(best/average), while the remaining four dependstitnates are derived using RP
(individual travel cost) with different functiondrms. For these four RP estimates,
the author preferred estimate is recorded as @' ‘bstimate while the average of the
four estimates is entered in the 'average-set'datda

Studies reporting multiple estimates with the samaerlying sample, but
employing different valuation methods, such asiikt al., (2003), each estimate is
coded as independent and recorded as 'best' arddgay since they are essentially
based on different questions in a survey. Conwersaldies reporting multiple
estimates employing the same valuation methoddboggifferent samples
corresponding to each estimate are independendkyccas ‘best’ and ‘average’
estimate. An example of this type is Hay (1988)icktprovides an estimate for each
of the 48 US states, wherein each state estimatéased on 48 different samples.

Table 3.1 summarizes the variables included iratfadysis. The relevant
variables are grouped into those characterizingihéshing environment, (2) study
methodology, (3) surveyed population and mode,(dhdtudy attributes. The
descriptions of the variables are fully discussefissay 1. The summary statistics,
when evaluated across the treatment categoriew, tigorelative proportions of the
variables within each meta-dataset given all véembre dummy variables with the
exception of TREND. For example, journal artidhese a higher weight in the ‘all-
set’ metadata relative to the other meta-datase¢s ghey often report multiple
estimates due to methodological testing (i.e., anng different estimators using the

same sample and data collection parameters).



Table 3.1. Variables and descriptive statistics.

elicitation method is used; O otherwise

Variable Description All-set(SE) Best-Set(SE) Average-Set(SE)
Fishing environment
Freshwater Qualitative variable: 1 if freshwdishing is being 0.87 (0.01) 0.88(0.03) 0.86(0.01)
valued; O otherwise
Marine Qualitative variable: 1 if marine or opecean resource 0.07 (0.01) 0.11(0.01) 0.11(0.01)
is valued; O otherwise
Estuary Qualitative variable: 1 if estuary aylvesource is 0.03(0.01) 0.08(0.01) 0.08(0.01)
valued; 0 otherwise
Lake Qualitative variable: 1 if lake, pond oseevoir resource 0.14(0.01) 0.14(0.01) 0.14(0.01)
is valued; O otherwise
Great Lakes Qualitative variable: 1 if Greakéaesource is valued; 0 0.09(0.01) 0.04(0.01) 0.04(0.01)
otherwise
Rivers or streams Qualitative variable: 1 ifrivwr stream resource is 0.27(0.01) 0.31(0.02) 0.31(0.02)
valued; O otherwise
Study methodology
Revealed preference Qualitative variable: &viealed preference (RP) 0.52(0.02) 0.45(0.02) 0.45(0.02)
valuation approach used; 0 otherwise
Zonal TCM Qualitative variable: 1 if RP and anabtravel cost model 0.14(0.01) 0.11(0.01) 0.11(0.01)
is used; 0 otherwise
Individual TCM Quialitative variable: 1 if RP amad individual travel cost 0.35(0.02) 0.29(0.02) 0.29(0.02)
model is used; 0 otherwise
Substitute price Qualitative variable: 1 if Ritlasubstitute price, index or 0.31(0.02) 0.24(0.02) 0.24(0.02)
variable included in regression; 0 otherwise
Open-ended Qualitative variable: 1 if statedgyence (SP) and open- 0.26(0.01) 0.31(0.02) 0.31(0.02)
ended elicitation method was used; 0 otherwise
Dichotomous choice Qualitative variable: 1 if &Rl dichotomous choice 0.14(0.01) 0.17(0.01) 0.17(0.01)
elicitation method is used; O otherwise
Iterative bidding Qualitative variable: 1 if @Rd iterative bidding 0.02(0.01) 0.03(0.01) 0.03(0.01)

€8



Variable Description All-set(SE) Best-Set(SE) Average-Set(SE)

Payment card Qualitative variable: 1 if SP aadmpent card elicitation 0.01(0.00) 0.02(0.00) 0.02(0.00)
method is used; O otherwise

Price or quality Qualitative variable: 1 if SP and substitute ircpror 0.04(0.01) 0.05(0.01) 0.05(0.01)

substitute quality treatment is used; O otherwise

Surveyed population and mode

Resident Qualitative variable: 1 if visitor tyjgeresident; O 0.38(0.02) 0.32(0.02) 0.32(0.02)
otherwise

Non-resident Qualitative variable: 1 if visitype is non-resident; 0 0.06(0.01) 0.07(0.01) 0.07(0.01)
otherwise

Both Qualitative variable: 1 if visitor type li@th resident and  0.48(0.02) 0.53(0.02) 0.53(0.02)
non-resident; O otherwise

Mail Qualitative variable: 1 if used mail survigype; 0 0.44(0.02) 0.39(0.02) 0.39(0.02)
otherwise

In-person Qualitative variable: 1 if used ingumr survey type; 0 0.21(0.01) 0.22(0.02) 0.22(0.02)
otherwise

Phone Qualitative variable: 1 if used phone sytype; O 0.22(0.01) 0.28(0.02) 0.28(0.02)
otherwise

Mixed mode Qualitative variable: 1 if used mixaddes; 0 otherwise 0.10(0.01) 0.09(0.01) 0.09(0.

Study attributes

Benefit unit Qualitative variable: 1 if benefiieasure is originally 0.53(0.02) 0.56(0.02) 0.56(0.02)
estimated as per person per day; 0 if othervise

Journal Qualitative variable: 1 if literatureptyis journal, O if 0.25(0.01) 0.18(0.01) 0.18(0.01)
otherwise

Trend Qualitative variable: year when data itected, coded  28.43(0.29)  29.23(0.34) 29.23(0.34)
as 1960 =1, 1961 = 2,..., 2004 = 45

Aggregation Qualitative variable: 1 if the parg study is single-site or 0.38(0.02) 0.32(0.02) 0.32(0.02)

sub-site; O if regional studies (i.e. national,regonal/
multistate, state, county, multi-county & multieit
Number of observations 920 720 720

Note: SE refers to standard errors, which is regbirt parentheses.

r8
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Meta-Regression Model Specifications

Five model specifications are estimatbthdels A, A, As, B, andC. The
dependent variable for all models is CS per pepssrday in 2006 dollars, labeled as
CS All five models are specified with the same erpl@ry variables for ease of
comparisons. The explanatory variables are grougedour different matrices that
include fishing environment X (i.e. fishing type and water-body types), the gtud
methodology iXsm (i.e. RP and SP characteristics), the surveyedlptpn and
mode inXys(i.e. visitor and survey types), and the studyilaites inXs, (i.e. benefit
unit, journal, trend and aggregation). The estichgteneric MR model is, in matrix
notation:

CS =a+t ﬂfex fe + ﬁsmxsm + ﬂpsx ps + ﬂsaxsa +u Equation (5)

wherea is the constant ternp, a vector of residuals, and the vectfi=ontaining all
the estimated coefficients of the respective exgiiany variables. In this linear model,
the estimated coefficient measures the unit chan@sS for a given absolute unit
change in the value of the explanatory variablédihg all other independent
variables constant.

The first three modelgy;, A, andAs are based on the ‘all-set’ metadata with
920 estimatesModel A is an ‘all-set’ full specificationiodel A is an ‘all-set’
weighted full specification, anéllodel A is an ‘all-set’ panel specificatioModel Bis
based on ‘best-set’ metadata whMedel Cis based on ‘average-set’ metadata, both
with 720 estimates. The common attribute amonditieemodels is that they are all
estimated with datasets that contain 630 indepdreftimates; or 68% of all
observations foModelsA;, A, andAz, and 88% of all observations ModelsB andC.

In Model A, all estimates are treated as independent essraattestimated
via OLS following the MR model in Equation 5. Inghiegard, when primary studies
reported three benefit estimates, then all thrémates are treated as independent
estimates, i.e. without correlation. Model A, all independent estimates are given
weights equal to one, while dependent estimateassigned weights based on the
number of estimates within each relevant primanggt When primary studies report
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multiple independent and dependent estimates,tiieemdependent estimates are
given weights equal to 1 while the dependent esaémare given weight equal to the
remaining number of estimates (excluding independstimates) for that study.
Model A is estimated via WLS.

Model A employs the panel data method to capture depepdenong
estimates provided in a single document (RosenbargtLoomis, 2000b; Sturtevant
et al., 1996). A random-effects MR model of thédwing linear form is estimated:
CS =0+ B X+ BanXam + BpsX s T BeaX oy TU; 6 Equation (6)
wherej is the stratification index ang; is the panel-specific disturbance component

with mean zero and varianmef,. Equation 6 assumes that the source of some of the

variation in CS is due tmandomdifferences ;) among studies that cannot be
identified. The description of the panel method asslociated hypotheses test are fully
discussed in Essay 1. In this paper, the underlgatg structure, and not ‘study’ is
used as the method of panel stratification. Theegfall independent estimates are
each being indexed as a single panel, resultig@panels while the rest of the
studies with dependent estimates are each beiegéadas a panel, resulting in 51
panels. The total number of panels is 681, withstnallest panel size of one, largest
panel size of 44, and an average panel size cdgithates.

Finally, bothModels BandC avoid dependency issues within studies by
extracting a single estimate from the dependennasts. These models are estimated

via OLS following the MR model given in Equation 5.

Model Comparisons

To compare the performance of the five MR models, sets of evaluation
criteria are used: 1) regression statistarfjsted-R, F-test t-tes); and 2) in-sample
benefit prediction performance. Thdjusted-R (i.e., coefficient of determination)
shows the proportion of variability in the metadtat is accounted for by the model,
which is adjusted for the number of explanatoryaldes in the models. Based on this
criterion, the model with the largesdjusted-R is preferred. Th&-testcriterion tests
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the null hypothesisH,, : By, = B, = By = B = i€, testing the significance of the

26 explanatory variables in the MR model. Thalueis the coefficien{s) divided by
its standard error (SEyvhich is used to test whether a particular explanyatariable
(X) is a significant predictor of the dependent Male&S over and above the other
explanatory variables (i.e. t-tddg: =0).

The selection of an MR model based on regressatissts, which identify the
most efficient model, is a necessary but not adafit criterion for assessing whether
the estimated MR can be used for BT with any degfe®nfidence. In this paper, BT
is defined as the prediction of sportfishing valuesg the meta-regression benefit
transfer function (MRBTF). The MRBTF is a MR modsitimated on the metadata
comprising the study sites and optimized for sigaiit and salient explanatory
variables, which are then adjusted based on clearstits of the study site
(Rosenberger and Loomis, 2000a). Therefore, treerfiedels are compared based on
their relative performances in predicting in-sampiedictions of CS.

In estimating CS using the MRBTF, transfer erraesinevitable given the
inherent heterogeneity and error of the metadag¢a‘§tudy-site’ and ‘policy-site’
correspondence). Given limited characterizatiogpafrtfishing variables in the
primary studies, the use of dummy variables to attarize fishing types, water-body
types, and angler’s socio-demographics does notbntapture the true variation in
these characteristics. Likewise, it is difficultdapture the important quality and
guantity differences of fishing sites (e.g. catates), since many of the primary
studies did not report complete information abbett, and so these variables are not
included in the MRBTF.

The forecast performance of each model is judgewuke percentage
transfer error (PTE), defined as:

PTE = CSestimated - CSobservedj| *100% Equation (7)

CS

observed

whereCSssimatediS the transferred (predicted) CS value from MRBAHle CSpserved
is the reported CS value in a primary study. Alaife data splitting technique is
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used to estimate-1 separate MRBTFs defined above to predict the enhitt
observation in each case (Loomis, 1992; Branderak| and Verrmaat, 2006;
Johnston and Duke, 2009). The jackknife techniggedes on the samples that leave
out one observation at a time:

Xy = (X1, X5 X1, X 00X, ) fOri=1,2,... njackknife samples. Finally, the overall

mean and median absolute PTE is generated fdreabliservations in the five

models.

Meta-Regression Results

Table 3.2 presents the MR results of the five madBhe models are closely
and directly comparable since they all includesame explanatory variables. The
predicted mean CS is statistically the same fothallmodels. Thadjusted-R value
of the five models ranges from 0.21 to 0.32, witheaerage of 0.25 indicating that
about one fourth of the variation in sportfishirejue estimates is explained by the
explanatory variableddodel A has the highestdjusted-R value of 0.32 followed by
Model Cwith anadjusted-R value of 0.28. Thadjusted-Rof Models A, As andB are
similar. Care is needed in interpreting these tesihceadjusted-R from random-
effects MR model4g) is not directly comparable tjusted-R from the OLS MR
models Models A, B andC) and weighted MR modeModel A).



Table 3.2. Meta-regression model results.

All-set Best-Set Average-set
Variables Model A, Model Ay Model Ag Model B Model C
Parametér (SE) Parameter(SE,  Parameter (SE) Parameter(SE) Parametér(SE)
Freshwater fishing -68.71(12.19 -56.94 (1C.32) -56.75 (10.04 -20.84 (11.72) 22.73 (18.37)
Marine -33.69 (16.12 -49.577 (15.11  -43.11 (11.77 9.91 (12.10) 48.37" (16.94)
Estuary -53.18 (17.60 -52.11" (15.34  -44.24" (13.12  36.47" (13.58) 48.24" (15.41)
Lakes -30.65 (6.75  -26.81 (8.17 -29.76 (8.45 -3.60 (6.90) -9.95 (5.94)
Great lakes -36.68 (7.96 -1.03 (6.88' -21.34 (10.22  21.72 (13.72) -2.63 (8.20)
Rivers or stream 0.65 (5.25)  -8.20 (5.09 -4.24 (5.76 10.27 (5.40) 3.1T (0.99)
Revealed preference 437119.67 65.97° (19.45 55277 (1851  51.88 (21.40) 80.35 (17.28)
Zonal TCM 17.38 (10.73 -21.91 (10.81  -7.83 (10.39 -6.33 (13.17) -4.03 (13.30)
Individual TCM 13.39 (9.67 -7.28 (10.24 0.43 (9.27 400 (13.10) 257 (11.40)
Substitute price -9.46 (5.76 0.63 (7.18 -1.84 (6.38 -0.98 (6.78) -8.89 (6.38)
Open-ended 39.84(1454 37.19 (16.93 3851 (18.14  35.79 (21.38) 55.54 (17.18)
Dichotomous choice 54.93(13.84 58.45 (16.44  55.47" (18.33 54.67 (21.49) 81.13" (16.09)
lterative bidding 39.55 (15.25 37.96 (16.13  37.70 (20.62  42.48 (23.99) 59.80  (17.44)
Payment card -20.87 (13.87 -10.16 (16.44  -12.19 (22.93 10.95 (22.74) 12.83 (16.10)
SP Substitutes 35.05(10.96  51.17" (9.87 44.11" (9.79 49.34" (11.10) 46.59" (10.97)
Resident -31.50 (10.68 -31.25 (9.42 -29.837(10.39  -45.07 (11.14) -38.74 (10.83)
Non-resident 7.65 (15.46  5.56 (13.46 9.89 (12.69  -19.38 (14.97) 1.33 (16.13)
Both resident non-resident -41.69  (10.73  -43.15 (9.14 -41.50" (9.86 -45.86" (10.80) -46.54" (10.73)
Mail -13.06 (10.34) -25.95 (9.36 -19.32 (12.07 -4.90 (12.45) -16.40 (10.18)
In-person -41.79 (10.86  -39.43" (10.50 -36.80 (12.62 -4.29 (13.70) -32.30 (11.22)
Phone -33.77 (10.23  -40.11" (10.C2) -35.19" (12.66  -30.69 (13.13) -35.44" (9.84)
Mixed mode -18.87 (11.89 -30.32° (11.00  -22.71 (13.49 -0.26 (14.48) -22.74 (11.47)
Value unit -0.18 (4.76 0.62 (5.29 -3.57 (4.90 -5.66 (5.52) 3.18 (5.68)
Journal 2.87 (5.520 -22.28 (5.86 -12.34 (5.51 -24.88" (6.57) -9.76 (6.66)

[0¢]
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All-set Best-Set Average-set

Variables Model A, Model Ay Model Ag Model B Model C
Parametér (SE) Parameter(SE,  Parametér (SE) Parametér(SE) Parametér(SE)

Trend 0.71 (0.31 0.35 (0.27 0.34 (0.31 0.25 (0.30) 0.60(0.30)

Aggregation 5.07 (7.09 17.96 (8.16 17.05" (6.35 -10.22 (6.58) -4.92  (7.95)

Constant 115.56 (22.69 120.08 (25.61 117.14" (26.98 75.97° (30.38) 2.20 (30.62)

AdjustedR? 0.22 0.32 0.20 0.21 0.28

F-statistic 11.19 17.66° 10.89° 8.38" 11.64°

No. of significant 17 19 18 13 15

variables

N 920 920 920 720 720

Predicted C%(Std. error) 58.90 (1.94) 59.29(1.83) 58.90 (1.94) 58.87 (2.14) 58.47(2.06)

Note: SE refers to standard errors, which is regbirt parentheses, and calculated using Whitetrbstedastic corrected
covariance matrix estimator. Dependent variablemsamer surplus (CS) per person per day ($) fanatels.
#Index to 2006 dollars.

b™ Statistically significant at the 1% level or bettéat the 5% or better,the 10% level or better.

06
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All models are statistically significant a£|®.01 based on thetests As
expected, the significance and magnitude of mangrpeter estimates vary across the
five modelsModel A has the highes$t-statisticof 17.66 whileModel Bhas the
lowestF-statisticof 8.38.Model A has the highest number of significant variables
(19), based otrvalues whileModel Bthe lowest number of significant variables (13).
There are no significant changes in statisticalificances t{-valueg or signs of the
estimated parameters acrddsdels A, A, andAg which are based on the ‘all-set’
metadata. The same can be said betwéeahels BandC, which are both based on
720 observations. However, there are differenceisdrsigns of the significant
estimated parameters for the fishing environmeriafses between thé\' models
and B’ or ‘C’ models, potentially exhibiting some loss of infaation when dropping
observations or averaging them. The estimated anh&ir the models are positive
and statistically significanpfvalue< 0.05), except foModel C Note that taking the
average estimatéfodel Q more-or-less standardizes the data and for¢asoiigh
the origin. This changed the magnitude of the estitich parameters fddodel G
though not statistically different for all but ooéthe estimated parametershdbdel
A.. Models A andC can be compared directly and are expected tonbiasi
However,Model A has four more significant variables tHdodel G may be
attributed to more observationsModel A.

Changing the underlying structure of the metadh#anges the sign and
magnitude of the estimated parameters of fishingrenment variables. The
significance and magnitude of the estimated caefiicfor freshwater fishingvas
statistically different between th&*models p-value< 0.01) andModel B(p-value<
0.10).Freshwater fishings significant in all models exceptodel C As expected,
freshwater fishingends to provide lower benefit estimates than sdaéiwfishing or
both freshwater and saltwater fishing combined. &$tenated parameter forarine
is negative and significant for th& modelsbut is positive and significant fdlodel
C. In the same way, the estimated parameteegtuaryis negative and significant for

the ‘A" Modelsbut is positive and significant fddodels BandC. The magnitude of
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the estimated coefficient for lake was statisticdifferent between theA’ Models
andModel C Lakevariable is negative and significant for all thedels, except
Model B.The Great lakesvariable is only significant and negative fodels A and
As. River or streams negative and significant Model A but is positive and
significant forModels BandC.

The influences of study methodology variablesiavariant to changes in the
underlying structure of the metada®evealed preferends positive and significant in
all models, suggesting that higher benefit estisiate associated with RP methods
when compared with SP and combined RP-SP methddshvs consistent with
Rosenberger and Loomis (2000a). For RP estimabes| TCMis negative and
significant only inModel A, implying that it produces lower benefit estimatesn
other valuation techniques. As expected, the immfusf substitute priceindexor
variablein the MR model is negative and significant omyodel A, signifying that
when RP models correctly reflect substitution,dlsociated benefit estimate is lower
(Rosenthal, 1987). For SP parameters, the elitatiethodsopen-ended,
dichotomous choicenditerative biddingare positive and significant for all models,
suggesting a higher benefit estimate than otheitaion methods. However, the
inclusion ofsubstitutein SP price or quality in the MR models increabesbenefit
estimate, which is the opposite of theoretical etgeon; but given the low proportion
of this variable in the metadata, it may be meagusome other effect (i.e. errors-in-
variables).

The influence of surveyed population and mode Wéem like study
methodology variables, are also invariant to changéhe underlying structure of the
metadata. Theesidentandboth resident/non-residemariables have lower benefit
estimates relative to non-residents, special istegeoups, and other targeted sub-
population. Themail survey mode is negative and significant onl\iodel A The
other survey modes-person, phone, and mixed-mdueve lower benefit estimates
relative toweb-basedndother survey modes.
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Study attributes variables, like study methodolegsiables and surveyed
population and mode variables, are also invariaehfanges in the underlying
structure of the metadata. Tjoairnal variable is negative and statistically significant
in Models A, As andB. Thetrendvariable is positive and significant onlyModels
A; andC, indicating that CS estimates in these models gaverally increased at a
greater rate than inflation over time, similar itwdings of Rosenberger and Loomis
(2001). As expected, treggregationvariable (though only significant iodels A
andAg) increases the benefit estimates (i.e., singéestitdies/models tend to provide
higher estimates than regional studies/models).vahes unitvariable is not

significant in any of the estimated models.

In-Sample Benefit Predictions Results

The PTE are computed for all five models usingcklnife data splitting
technique. Mean absolute PTE for each of the fieel@ls is rather high, however,
they range from 0.02% to 33,282.64%. For exanmitejel A has mean absolute PTE
of 303%, median absolute PTE of 54%, and ranges @®2% to 21,868.96% (Table
3.3). However, looking at the mean absolute PTHliiberent percentiles of the data
series, ordering them by magnitude of the obseberefit estimates in ascending
order, the mean PTE decreased significantly dfeirtitial 13" percentile of the
observations. The 1-1(ercentile of the observationsModel A is composed of
observed benefit estimates from $0.22 to $9.5@peson per day. This result
illustrates how the same magnitude difference betwabserved and predicted values
can lead to substantially different PTE estimatespely that lower observed or
predicted values are associated with higher PTigsré& 3.2 shows the observed and
predicted benefit estimates in $2006 (upper parad)absolute percentage transfer
error (lower panel) associated with each obsermatoked in ascending order of
observed benefit value. There is indeed a conditkedafference between the
observed and predicted benefit values. About 30%hebbservations show an

absolute percentage transfer error over 100%del A MRBTF systematically over-
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predicts very low observed sportfishing benefituesl (around and below $1) and

slightly under-predicts high sportfishing benefilwes, which is also true for the other

four MRBTFs. Moreover, the predicted mean absdRit& was more robust for the
observed benefit values between $54 and $133Kee61" to 90" percentile) than the
rest of the observations. The MRBT is not robugiredicting very low or very high

values; however, it is the low values where thgdat PTE are reported (a statistical

artifact of low values).

Table 3.3. Mean absolute percentage transfer @) inModel A following the
jackknife data splitting technique.

Dataset Deciles

Observe Predicted Benel

Benefil

($)/person/da

$/person/da

1-10" percentile

11-20" percentile
21-30" percentile
31-40" percentile
41-50" percentile
51-60" percentile
61-70" percentile
71-80" percentile
81-90" percentile

0.22t0 9.50
9.57t0 16.15

-16.24 to 103.82
-25.52 to 106.05

16.25 to 22.59-25.57 to 105.66

22.65to0 31.65
31.69 to 41.86
41.89t0 53.11
53.56 to 64.77
64.80 to 85.86
85.96 to 132.99

91-100" percentile 133.57 to 348.43

-1.50 to 90.22
-0.71 to 97.89
-0.72 t0154.46
-0.74 to 162.57
-26.05 to 127.22
11.52 t0155.01
-26.43 t0196.25

Predicte: Mear
Absolute PTI  Absolute
PTE

6.13 to 21,868.96 2,201.03
6.86 t0 814.95 35918
0.02t0444.72 130.31
2.95t0 284.24 72.54
0.76 t0 184.63 5953
0.30 to 268.73 48.78
0.26 to 190.52 33.38
0.16 to 130.41 30.36
0.921t0 87.16 35.08

0.62 t0 118.96 59.49

0.02 to 21,868.96 303.06

Table 3.4 shows the mean and median absolute pageetransfer error for

the five models, based on"®percentile of the data series, i.e. excludingjtitel 1-

10" percentile of the observations. The mean abs#lliteis statistically different

between the models based on ‘all-set’ and ‘besteséaverage-set’ metadata. Among

the five modelsModel C(based on ‘average-set’) has the lowest mean autilam
absolute PTE of 71.65% and 39.54%, respectively.
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Table 3.4. Mean and median absolute percentagsféraerror for the five models.

90" percentile of the All-set Best-set AveS;atge-

CEIEL SIS Model A Model A Model A Model B Model C
Mean 87.15 92.17 93.06 76.58 71.65
(Standard error) (4.09) (4.46) (4.45) (4.13) (3.76)
95% Confidence 83.06- 87.71- 88.61- 72.45-  67.89-
Interval 91.24 96.63 97.51 80.71 75.41
Median 47.8 47.16 47.85 39.79 39.54

To further analyze the determinants of heteroggneithe transfer errors, the
explanatory variables are regressed on the absoautsfer errors for the ‘average-
set.” Results of the MRA shows that the transfesrsrare significantly negatively
correlated with the dummies for the fishing envirant variablesffeshwater fishing,
estuary, rivers or streajnstudy methodology variableseyealed preference, zonal
and individual TCM, open-ended, dichotomous choateeative bidding, payment
card, andSP substitutgsandvalue unitvariable.

There is a significant positive correlation witietdummies fomn-person
survey mode, angurnal variable, which warrant further explanations. Aipge
correlation with transfer error ama-personsurvey supports the contingent valuation
survey findings of Leggett, et al. (2003), whertsia willingness-to-pay for a visit to
Fort Sumter National Monument in South Carolinkigher when the survey is
administered through face-to-face interviews rathan being administered by the
respondent. Moreover, Woodward and Wui (2001) fotmad studies with weak
econometrics tended to yield higher values. Rosgelnend Stanley (2006) refer to
this type of bias as measurement error, which gcetnen researchers' decisions (e.g.
on valuation method, elicitation method, surveyigi#snode, and units of
measurement) affect the accuracy of the transfigsabf values.

The positive correlation between tloeirnal dummy variable and absolute
transfer error may be attributed to publicatioresgbn bias, i.e. the empirical

literature is not an unbiased sample of empirieadence. Journal publications tend to
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have smaller aggregate mean recreational use gatumates than non-journal
publications, when a dummy variable identifyingdb@stimates published in peer-
reviewed journals is added to the MR model. Smalrefit estimate would imply a
higher transfer error as noted above. There isgisater variation in estimates
provided across published studies than unpublishetles (Rosenberger and Stanley,
2006).

Conclusions

This paper explored approaches in modeling andinigedata dependency in
the sportsfishing metadata when performing MRA Biid The MRA is applied on
‘all-set,” ‘best-set,” and ‘average-set’ metaddthe ‘best-set’ and ‘average-set’
grouping of primary studies is used to avoid depeg among the observed benefit
measures in the ‘all-set’ metadata. Three MR moaedsconsidered using the ‘all-set’
metadata: 1) using all observations as indepersienples; 2) using weights based on
underlying data structure; and 3) employing a ramadfect panel model. The five
MR models are compared based on regression stat&sid in-sample benefit
predictions performance.

The degree of explanatory power among MR moddiess achieved in an
‘all-set’ weighted specification and in using anésage-set’ metadata, which are
complementary treatments of data dependency. Whieeartderlying structure of the
metadata is modified as in the ‘best-set’ and ‘agerset’ treatments, the magnitude
and sign of the estimated parameters of the fisamgronment variables changed too.
This result affirms the findings of Essay 1 tha structural shift in the metadata is
influenced by fishing environment variables. Othariables, such as study
methodology, surveyed population and mode, andysittdbutes did not change
given modification of the underlying structure hetmetadata.

The median absolute percentage transfer erromierlfor the MR models
based on a single value, i.e. ‘average-set’ anst-bet’ metadata than the MR models

based on ‘all-set’, contrary to Bijmolt and Pieté2801). However, this increased
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performance in in-sample predictions is not sulithnMeta-analytic procedure
representing each study with multiple estimatearjaverage’ or ‘best’ value,
though, may result in loss of information. One #gigant observation from in-sample
predictions is that the absence of very low ang Wgh estimates in the metadata will
likely result in a more robust MRBT (i.e. MRBT doest predict well in the tails of
the distribution of observed values, as expectedtion is recommended when
selecting studies for point or function transférattprovide very low estimates. We
may be more confident with MRBT when the metadatéude those observations that
fall within two standard deviations of the meanwéwer, in small sample MRBT,
mean CS may not be a good indicator when selestirdjes to include in the
metadata since it is more sensitive to extremefiieradues (very low and very high).
Findings also suggests that the dummies relateteisurement errorg{person
survey mode) and publication selection bjasihal) are important predictors of
transfer errors. This result supports the recommagmas by Stanley and Rosenberger
(2009) to detect the true effect and correct fagtade publication selection bias,
when conducting a meta-analysis for BT.

Based on the results of the study, the followinglioations and
recommendations can be drawn. First, the importémcerrect for methodological
pitfalls in MRA is always warranted. Nelson andnikedy (2009) outline the ‘best-
practice guidelines’ in conducting a complete MS&cond, the choice of whether to
include all estimates of primary studies or to uaid only the ‘average’ or ‘best’
estimates from the primary studies is best guidethé goals of the meta-analysis,
and perceived allowable errors in BT applicatioffien the goal of meta-analysis is
knowledge acquisition, synthesis/generalizatiothefliterature and hypothesis testing
(e.g. explaining heterogeneity) that is beyond jotedy values, metadata sample
selection may not be an issue. But when doing meggeession benefit function
transfer, metadata sample selection is an impoidaoe that needs to be addressed.
Third, more research is needed to analyze the aaipbns of metadata sample

selection in the context of BT. In particular, freuesearch should evaluate the
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downward bias associated with the different metadatnple sizes when used in BT
applications. Further research is also warrantdehtov if the results found here can
be confirmed with other data dependency modeld) agdierarchical/multilevel

models and clustering techniques.
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Notes

! Selection criteria for inclusion in the ‘best:saetadata of single estimate studies

could be applied as well. For example, early vatumaapproaches did not use (or
have available) what is currently considered stétthe-art estimators. However, we
chose to include all single estimate studies amdrobfor their differences through
model specification (i.e., include variables tltartify methodology).

2 While the latter estimate is likely partially celated with the previous ones, it is

treated as independent in the metadata.



100

References

Adamowicz, W. L., and J. R. Deshazo. "FrontierSiated Preferences Methods: An
Introduction."Environmental and Resource Econond$2006): 1-6.

Adamowicz, W., J. Louviere, and M. Williams. "Comlrg Revealed and Stated
Preference Methods for Valuing Environmental Amiesit' Journal of
Environmental Economics and Managem2®it no. 3(1994): 271-292.

Bateman, I. J., and A. P. Jones. "Contrasting Catnweal with Multi-Level Modeling
Approaches to Meta-Analysis: Expectation Consistend).K. Woodland
Recreation Valuesl'and Economic§9, no. 2(2003): 235-258.

Bergstrom, J. C., et al. "Economic value of wetkbdsed recreationEcological
Economic2, no. 2(1990): 129-147.

Bijmolt, T. H. A., and R. G. M. Pieters. "Meta-Anals in Marketing when Studies
Contain Multiple MeasurementdVlarketing Lettersl2, no. 2(2001): 157-169.

Bin, O., C. E. Landry, C. Ellis, and H. Vogelsofi§ome consumer surplus estimates
for North Carolina beachesMarine Resource Economi@$, no. 2(2005),
145-161.

Boyle, K. J., and J. C. Bergstrom. "Benefit TranStudies: Myths, Pragmatism, and
Idealism."Water Resources Resea28, no. 3(1992): 657—-663.

Brander, L. M., R. J. G. M. Florax, and J. E. VeandThe Empirics of Wetland
Valuation: A Comprehensive Summary and a Meta-Asialgf the Literature."
Environmental and Resource Econon8s no. 2(2006):223-250.

Brouwer, R. (2002) Meta-analysis and Benefit Transbynergy, Lessons and
Research Agendas. In R. Florax, P. Nijkamp, an@/Hlis (Eds).
Comparative Environmental Economic AssessnidAt USA, Edward Elgar
Publishing, Inc.

Chizinski, C. J., et al. "Economic Value of Angliaga Reservoir with Low
Visitation." North American Journal of Fisheries Managem2&} no.
1(2005): 98-104.

Coupal, R., C. Bastian, J. May, and D. Taylor. €aenomic benefits of
snowmobiling to Wyoming residents: A travel cospagach with market
segmentationJournal of Leisure Resear@8, no. 4(2001):492-510.



101

Doucouliagos, C., and M. A. Ulubasoglu. "Economeefiom and economic growth:
Does specification make a differencé&iropean Journal of Political
Economy22, no. 1(2006): 60-81.

Doucouliagos, H., and M. A. Ulubaglu. "Democracy and Economic Growth: A
Meta-Analysis."American Journal of Political Sciené&2, no. 1(2008): 61-83.

Douglas, A. J., and J. G. Taylor. "Riverine baseat®urism: Trinity River non-
market benefits estimatedtiternational Journal of Sustainable Development
& World Ecology5, no. 2(1998): 136-148.

Efron, B., and R. J. TibshirarAn Introduction to the Bootstrapondon: Chapman
and Hall, 1993.

Engel, S. (2002) Benefit function transfer versietaranalysis as policy-making
tools: a comparison. In R. Florax, P. Nijkamp, &dVillis (Eds).
Comparative Environmental Economic AssessnidA; USA, Edward Elgar
Publishing, Inc.

Englin, J. and T. A. Cameron. “Augmenting travestomodels with contingent
behaviour data: Poisson regression analyses wditiidual panel data.”
Environmental and Resource Economi¢$996): 133-147.

Florax, R. (2002) Methodological Pitfalls in Metaadysis: Publication Bias. In R.
Florax, P. Nijkamp, and K. Willis (EdsEcomparative Environmental
Economic AssessmeMA, USA, Edward Elgar Publishing, Inc.

Gillig, D., et al. "Joint Estimation of RevealeddaBtated Preference Data: An
Application to Recreational Red Snapper Valuatidwlicultural and
Resource Economics Revié®&, no. 2(2003): 209-221.

Glass, G. V., B. McGaw, and M. L. Smitketa-Analysis in Social Researdeverly
Hills, CA: Sage Publications, Inc, 1981.

Hagerty, D. and K. Moeltner. “Specification of dng costs in models of recreation
demand.Land Economic81, no. 1(2005):127-143.

Hay, M. J. (1988) Net economic value for deer,aik waterfowl hunting and bass
fishing, 1985., Report 85-1. Washington, DC: U%dh and Wildlife
Service.

Hellerstein, D. and R. Mendelsohn. “A theoreticalridation for count data models.”
American Journal of Agricultural Economi@$®, no. 3(1993):604—611.



102

Hunter, J., and F. Schmidiflethods of Meta-Analysis: Correcting Error and Bias
Research Findingd.ondon: Sage, 2004.

Johnston, R. J., and J. M. Duke. "Informing Preaon of Multifunctional
Agriculture when Primary Research Is Unavailabla:Application of Meta-
Analysis."American Journal of Agricultural Economi&d, no. 5(2009): 1353-
1359.

Johnston, R. J., et al. "Systematic Variation inliwgness to Pay for Aquatic
Resource Improvements and Implications for Berlefinsfer: A Meta-
Analysis."Canadian Journal of Agricultural Economi&8, no. 2-3(2005):
221-248.

Johnston, R. J., et al. "What Determines WillingnesPay per Fish? A Meta-
Analysis of Recreational Fishing Value®dlarine Resource Economics
21(2006): 1-32.

Jones and Stokes Associates, Inc. "Southeast Atgeita fishing economic study.”
Final Research Report. December, 1991. (JSA 83-0Rrepared for Alaska
Department of Fish and Game, Sport Fish Divisiogsdarch and Technical
Services Section, Anchorage, AK.

Leggett, C. G., et al. "Social Desirability Bias@ontingent Valuation Surveys
Administered Through In-Person Interviewsdnd Economicg9, no.
4(2003): 561-575.

Lipsey, M. W., and D. B. WilsorRractical Meta-AnalysisApplied Social Research
Method Series. Thousand Oaks, California: Sagei€atlains, Inc., 2000.

Loomis, J. B. "The Evolution of a More Rigorous Apach to Benefit Transfer:
Benefit Function TransferWater Resources Resear28, no. 3(1992): 701-
705.

Loomis, J. B., and R. S. Rosenberger. "Reducingdrarin future benefit transfers:
Needed improvements in primary study design andrtey." Ecological
Economics0, no. 2(2006): 343-350.

Martin, W. E., F. H. Bollman, and R. L. Gum. "Ecoma Value of Lake Mead
Fishery."Fisheries7, no. 6(1982): 20-24.

Morey, E. R., et al. "Estimating recreational tréishing damages in Montana's Clark
Fork River basin: summary of a natural resourceatmrassessmenfldurnal
of Environmental Manageme66, no. 2(2002): 159-170.



103

Mrozek, J. R., and L. O. Taylor. "What determines value of life? a meta-analysis."
Journal of Policy Analysis and Managemeit no. 2(2002): 253-270.

Mullen, J. K., and F. C. Menz. "The Effect of Adidation Damages on the Economic
Value of the Adirondack Fishery to New York AnglérAmerican Journal of
Agricultural Economic$7, no. 1(1985): 112-119.

Nelson, J. P., and P. E. Kennedy. "The Use (ands@&pof Meta-Analysis in
Environmental and Natural Resource Economics: Asedsment "
Environmental and Resource Economi@$2009): 345-377.

Nijkamp, P., et al. (2002) Environmental qualityinropean space: a methodology
for research synthesis. In R. Florax, P. Nijkamm K. Willis (Eds).
Comparative Environmental Economic AssessnidAt USA, Edward Elgar
Publishing, Inc.

Rosenberger, R. S., and J. B. Loomis. "Using me#dyais for benefit transfer: In-
sample convergent validity tests of an outdooreation databaseWater
Resources Resear@6, no. 4(2000a): 1097-1108.

Rosenberger, R. S., and J. B. Loomis. "Panel 8tation in Meta-Analysis of
Economic Studies: An Investigation of Its Effeaiglie Recreation Valuation
Literature."Journal of Agricultural and Applied EconomiBg, no. 3(2000b):
459-470.

Rosenberger, R. S., and T. D. Stanley. "Measurergeneralization, and publication:
Sources of error in benefit transfers and their agament.'Ecological
Economics0, no. 2(2006): 372-378.

Rosenthal, R. Meta-analytic procedures for soeis¢arch. Newbury Park Sage
Publications, 1991.

Rosenthal, D. H. "The Necessity for Substitute éxim Recreation Demand
Analyses."American Journal of Agricultural Economié$, no. 4(1987): 828.

Stanley, T. D., and S. B. Jarrell. "Meta-Regresgioalysis: A Quantitative method of
Literature Surveys.Journal of Economic Survegs no. 2(1989): 299-308.

Stanley, T. D., and R. S. Rosenberger (2009) Ardation Values Systematically
Underestimated? Reducing Publication Selection ®iaBenefit Transfer,
Department of Economics, Hendrix College and Depant of Forest
Ecosystems and Society, Oregon State University.



104

Strong, E. J. "A Note on the Functional Form ofvElaCost Models with Zones of
Unequal Populationsl’and Economic$9, no. 3(1983): 342-349.

Sturtevant, L. A., F. R. Johnson, and W. H. Desgeag1996) A Meta-Analysis of
Recreational Fishing, Working Paper, Triangle EcoimoResearch.

Strube, M. J. "Meta-Analysis and Cross-Cultural @anson: Sex Differences in
Child Competitiveness.Journal of Cross-Cultural Psycholody, no.
1(1981): 3-20.

Strube, M. J. "A general model for estimating and&cting the effects of
nonidependence in meta-analysidultiple Linear Regression Viewpoints,
no. 2(1987): 40-47.

Waddington, D. G., K. J. Boyle, and J. Cooper. 188t economic values for bass
and trout fishing, deer hunting, and wildlife watgh" Washington, DC: US
Fish and Wildlife Service.

Whitehead, J. C., and R. Aiken (2000) An analys$igsemds in net economic values
for bass fishing from the national survey of fighihunting and wildlife-
associated recreation, East Carolina Universityddenent of Economics
Working Paper.

Whitehead, J. C., and T. C. Haab. "Southeast magereational fishery statistical
survey: distance and catch based choice ddtsihe Resource Economidg,
no. 4(2000).

Wood, J. A. "Methodology for Dealing with Duplica&udy Effects in a Meta-
Analysis."Organizational Research Method§, no. 1(2008): 79-95.

Woodward, R. T., and Y.-S. Wui. "The economic vadfigvetland services: a meta-
analysis."Ecological Economic87, no. 2(2001): 257-270.



105

CHAPTER 4 - ESSAY 3
THE RECREATIONAL VALUE OF TAAL VOLCANO PROTECTED
LANDSCAPE: AN EXPLORATORY BENEFIT TRANSFER APPLICAT ION

Abstract

Some landscapes that have significant value tolpeop protected through
statute. Protected landscapes that serve as popataational resources and
destinations hold significant use values for thpseple that visit them. Recognition of
these recreational benefits of protected landscammesdes a sound economic
rationale for their management. The objective &f &ssay is to estimate the
recreational value via benefit transfer (BT) of Mdalcano Protected Landscape
(TVPL) in the Philippines—a major tourist attractiand designated as one of the key
priority biodiversity areas in the Philippines faniority protection. A foundation of
BT is the use of information from research conddae other sites to inform
guestions at a site that lacks primary researothi$ case, the research question is
“What is the potential magnitude of recreationaidfés at TVPL?” BT approaches
include transferring of values or functions froreiagle site or set of similar sites, and
estimating a meta-regression (MR) transfer functiat can be used to predict values
for the policy site in question. One study sitéha Philippines was selected and used
in a point estimate transfer application. Likewige,MR transfer function model was
estimated based on selected ‘study sites’ fronUtheResults show that single point
estimate worked better than MR benefit functiomsfar. While in-sample BT
prediction of the MR model show an absolute peagatransfer error (PTE) of 18%,
simple out-of-sample prediction has very high absoPTE (1,231%). The estimated
welfare estimate of recreational access using sipgint estimate transfer was PHP
36 per person per trip. The aggregated recredtimmeefits at TVPL was PHP 9.7
million from 155,701 visitors at Batangas side &P118.9 million from 1,906,242
visitors at the Cavite side in 2006. These valuag be used as an economic basis for
financial commitments by the institutions respotfesior the TVPL management and
may inform policy issuances and ordinances, e g-iee system for TVPL.
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Introduction

The Protected Area Management Board (PAMBe policy and decision-
making body of the Taal Volcano Protected Lands¢ap#L), embarked on a
comprehensive 10-year (2010-2020) Management Plaponents of the plan boast
of its community participation, co-management awhl stakeholders’ involvement
and funding. The PAMEN bancapproved the plan on September 26, 2009, with a
proposed annual administrative budget of PHP 11illiomand a start-up cost of PHP
97.1 million. The Protected Area Superintendent$BA within the Department of
Environment and Natural Resources (DENR), serveékeashief operating officer of
the TVPL. One set back confronting the PASu Ofitcis limited staff of [seven]
persons with almost no dedicated resources (Luddaamzales, 2007). Funds needed
to implement the plan would be generated througtil@e funds from the
institutions in the PAMB. These institutions arergmsed mainly of third, fourth, and
fifth class municipalities which in most cases have scarce financial regsurc

Among the strong features of the plan are: (1)ngflaw enforcement and
agreement to comply; (2) a strong push for keephegpopulation levels constant for
the next ten years and beyond: (3) zoning the ntgjof the land area as agro-tourism
zone and setting aside forest reserves and adisttisary; 4) water quality monitoring
and biodiversity survey; (5) disaster planning alwhate change adaptation; (6) a
research council, center and bi-annual technicaference; and (7) institutional
development of the PASu office and the PAMB. Higiopty actions were identified
to address the following components: water qualrtgt the health of Taal Lake;
aquatic living natural resources; terrestrial/wsied, recreation and cultural
resources; disaster preparedness and managempulaian and socio-economics;
research program and knowledge center; policy astitutional strengthening;
management zones on land and water; and work plamadget.

One of the critical knowledge gaps identified una@nagement requirements

is visitor's willingness-to-pay (WTP), which cousgrve as basis for determining
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future entrance fees at Taal Volcano Island angbtbeess of fee-setting and
collection. Due to the lack of funds and limitesh& for the PASu and PAMB to
conduct primary research (first-best strategy) et transfer (BT) application is
suggested to provide a first approximation of ratomal use value. BT is the use of
recreational benefit estimates and other infornmafiiom a ‘study site’ with data to a
‘policy site’ with little or no data (RosenbergerdalLoomis, 2000). BT is considered a
‘second-best strategy,” in which already existisgreates from other sites (study
sites) are used to inform decisions at the sitatefest (policy site).

BT is increasingly applied to a wide variety of @ommental goods and
services, such as benefits of agricultural wildiffanagement (Brouwer and Spaninks,
1999); water resources (Muthke and Holm-muellef4pmortality risk valuation
(Krupnick, 2007); health impacts related to air avater quality (Ready et al., 2004);
air pollution and acute respiratory illness (Allmeand Krupnick, 1998); avoided
health effects from water pollution (Barton and Meto, 2003); and outdoor
recreation (Shrestha and Loomis, 2001). Most cdeheuthors conclude that value
transfer, i.e. single point estimate, worked bdtten function transfer, although
function transfers and meta-analysis transfer fonsthave been shown to be more
broadly accurate than value transfers (Loomis, 18a&enberger and Stanley, 2006).
Shrestha and Loomis (2001) tested meta-analysisvasthod for international BT
applications to recreation valuation and found thatabsolute average percentage
error of meta-predictions may be within an accelptadinge. There might be a trade-
off between precision and accuracy when condud@ifg using point, function, and
meta-regressions.

This paper explores both value and function trassés a means to estimate
visitors’ recreational benefits at the TVPL, Philipes. A single point estimate is
derived from a ‘study site’ in the Philippines, eha meta-regression benefit function
based on existing studies in the US is used tovel@stimates of recreational values
by adapting it to characteristics of the ‘polictes{i.e. TVPL). Implicit price deflators

and purchasing power parity (PPP) are incorportedcount for income and cost of
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living differences between the study and policgsitExogenous factors, such as
differences in individual preferences, and cultawadl institutional conditions between
countries are beyond the scope of this paper haythhave the potential to invalidate
an international BT. Results of this BT exercise targeted to provide an economic
basis for financial commitments by the PAMB indiitas for the TVPL management
and may be translated into policy issuances anidh@amdes, e.g. a user-fee system for
TVPL.

The Taal Volcano Protected Landscape

Taal Volcano Protected Landscape consists of ar6@r2b2.13 ha of the Taal
Lake Basin, with 24,236 ha. inside it comprising thke area (excluding the islands)
(Figure 4.1). Protected landscapes are areasiohahsignificance that are
characterized by the harmonious interaction of feeapd land while providing
opportunities for public enjoyment through recreatand tourism within the normal
lifestyle and economic activity of these areass tlesignated as number 27 among the
128 Key Priority Biodiversity Areas for priority ptection (Ong, Afuang, and Rosell-
Amball, 2002). There are 65 proclaimed protectedsin the Philippines, 36 of
which (including TVPL) are designated as protedsediscapes. Howard Hillman, an
author specializing in travel, cooking, and winensider TVPL as unique in this
world because of the positions of its five compdsefhaal Volcano, Taal Lake,

Volcano Island, Crater Lake, and Vulcan Point.
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2003).
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The TVPL basin spans the Municipalities of Talisagurel, Agoncillo, San
Nicholas, Taal, Lemery, San Jose, Santa Tereslitagfag, Cuenca, Mataas na
Kahoy, Balete, Malvar, and the Cities of Lipa arahduan in the Province of
Batangas; and Tagaytay City in the Province of @avihese lakeshore municipalities
and cities have a scenic view of the volcano rid@éeg ridge of the basin is in the
viewing area of the Taal Volcano Island and LakihwWwagaytay City considered the
‘town of the ridge.’ Tagaytay City is a popular smer vacation getaway because its
climate is cooler than Manila. The municipalityTadlisay is the major jump-off point
where boats are available to reach the Taal Volé¢slaod. TVPL watershed has 38
tributary rivers draining into the lake. The oniytiet to Balayan Bay is the Pansipit
River. From the Southern Tagalog Arterial Road Wall, and Batangas-Cavite
provincial highways, the lakeshore municipalitiesl @ities are accessible within 15
minutes or more by vehicle. TVPL is about 60 km % ke capital Manila.

Taal Volcano has a crater within the Volcano islaithin Taal Lake within
the island of Luzon. Taal Volcano, considered theal&est volcano in the world, is
active and has erupted about 40 times from 1593873 (Hargrove, 1991). In 1967,
the Taal Volcano Island became a National Parkugiind®roclamation No. 235. In
1993, Taal Volcano and its surrounding coastal kipalities were declared tourism
zones by virtue of Republic Act 7623. In 1996, Paiotation 235 was amended by
Presidential Proclamation 923, declaring the Ta@t&no Island, Taal Lake and the
watershed areas as a protected landscape undenaldtitegrated protected Area
System (NIPA$) Act of 1992. Taal Volcano Island has an area,58% ha. and a
crater lake of about two kilometers in diameteitsatenter (Yokoyama, Alcaraz and
Pefa, 1975). The main crater lake of the Volcatamtsis four meters above sea level
(masl), while the highest elevation along the riggabout 600 masl. Maximum depth
in the crater lake is about 90m. The highest elemah the basin is 835 masl at the
peak of Mt. Maculot. The slope of the area in tlwcdno Island is gentle, from four

to ten percent. The climate in the area is Typeldry season from November to



111

April and wet during the rest of the year. There 4r identified cones and craters that
constitute the Volcano Island.

Taal Lake is a major tourist attraction and consdehe third largest lake in
the Philippines. The lake has an average dept.df @, with a maximum depth of
198 m and a circumference of 120 km (Folledo anazCt999). The entire Taal Lake
is within a crater of a great volcano, a calderdowurrounding mountains as its walls
that are 150-304 m high. It hostgdrophis semperia freshwater sea snake, and the
Sardinella tawilis a freshwater sardine - two of the vertebratesar@mendemic to the
lake. About 20,000 fisherfolk are dependent onlalke’s resources. The lake provides
multiple and often conflicting services to variawgers. Current uses of the lake
include: (1) open water fishing; (2) fish cage atdtof tilapia Sarotherodon nilotica
bangus Chanos changsand maliputo Caranx ignobilig; (3) navigation routes; (4)
recreation/tourism; (5) water source for the Cityragaytay; and (6) a source of food
for waterfowl. The water quality in the lake is eébrating due to nutrient pollution
from fish cages (Vista et al., 2006). Fish cagerajoes rely on the water of Taal Lake
as an input into ‘intensive’ fish production andsawaste repository. Excessive
amounts of nutrients (nitrogen and phosphorousyraatating from the cages leads to
nutrient enrichment, endangering the industryfitaet the general health of the lake
ecosystem.

The operational management of TVPL rests on theuPASffice, duly
formed by DENR. The Task Force on Environmental IEaforcement (TFELE)
assists the PASu Office in law enforcement. The&kFasce is instrumental in the
enforcement of the Unified Rules and Regulation&isheries, and many
environmental laws, rules and ordinances in tha.are

Taal Volcano and Lake are of great interest toistsirscientists, business
investors, and others because of their beauty emgloenic opportunities they provide.
Fertile land is a natural magnet for tillers, amehéfits from tourism and fish cages
have attracted more occupants to the volcano. 2009, there are more than 5,000

people residing on Volcano Island, despite classiion of the area as very high risk
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due to different volcanic hazards, e.g. lava floagdic flashes from crater lake,
lakeshore flooding, etc. At present, an estimat&8@ horses are on Volcano Island,
most of which are used for tourism purposes. In72@0 estimated 343,749 people
lived within the boundaries of the TVPL. About 2000residents are dependent on
lake resources. The TVPL Management Plan envigiopslation remaining at the
2007 level.

The different recreational activities in the TVRiclude hiking, day-camping,
picnicking, bird watching, horseback riding, fispjrboating, wind surfing, sailing,
rowing, and kayaking. A typical visit to the Volaafsland would require a boat rental
for PHP 1,800, which can accommodate five pers@msunicipal landing fee of PHP
20 is collected by the municipality at the boat paim Talisay. There are three trails in
the Volcano Island for hikers/trekkers: a) the lagtourist/horse trail; b) the Kalawit
trail, and c) the Kristie Kenney trail. About 80%tbe visitors rent horses to do the
Volcano trek for PHP700. The regular tourist/hdrad is wide, unpaved, about 1.7
km and closest to the boat ramp from the Municipaif Talisay. The ride to the rim
using the regular/tourist and Kalawit trails také®ut 30 minutes each way. The ride
into the crater and back, takes over an hour. Ti&i& Kenney trail is primarily a
walking trail with much more vegetation than thestyuand exposed regular
tourist/horse trail. At present, there are no peremé bathrooms in the area for
visitors’ use.

The beautiful scenic view that Taal Volcano ande_pkovides, attracts more
visitors to Tagaytay City, Cavite than to the cahsbmmunities and Volcano Islands.
From 915,925 visitor arrivals in Tagaytay City i6(2, it grew to 2,006, 571 (95% are
domestic travelers) visitor arrivals in 2006. Ir0BQabout 169,240 (92% are domestic
travelers) visited Taal Volcano Island and lakedifferent recreational activities.

There are complementary attractions within the T\&RH adjacent areas. In
Tagaytay City, tourists can also visit Peoples Pargnic Grove, 11th Airborne
Marker, Japanese Garden, Residence Inn Mini Zogayitay Highlands/Midlands,
and Tagaytay City Museum. Other attractions inptevince of Batangas include Mt.



113

Maculot for mountaineers, Fantasy World in Lemédy, Malarayat Golf Course in
Lipa City, religious/ historical/ cultural sitespévarious resorts. Vista (2003)

provides a detailed discussion of other importafdrmation on TVPL.

Valuation Framework

The context of resource values is based on total@uic value, defined as the
summation of use and non-use values. Use valireigsdonomic value derived from
natural resources, either direct or indirect, tigtohuman use of these resources, such
as tourism/recreation, fisheries, research/edutagic. On the other hand, non-use
value is the economic value derived from resouvaésout any current use of
resources, such as bequest, option and existehgesyvdahese non-use values are
considered non-rival This essay focuses only on the direct use vagpes;ifically the
recreational value of the TVPL.

Recreational value is represented in terms of enminbenefits, which are
economic measures that indicate how much utilitgggure or usefulness) is derived
from a recreation experience. Since it is diffidolimeasure a person's utility or
compare it with other individuals’ utilities, ecamests observe individuals’ behaviors
by looking at the choices they make (observed satdd), which reflects their
preference ordering of goods (e.g. an individualoges commoditX overY). These
choices then can be used to directly or indireictigr their WTP for different goods.
The horizontal summation of each person's WTP tesuln aggregate measure of
WTP, or a measure of social welfare. Figure 4.2xshihhe conceptual composition of
the TVPL related recreational benefits. Benefiersfto the additional amount visitors
would pay to continue to have access to TVPL oraformprovement in their
recreational experience in the area beyond whatdbwially pay (e.g., travel costs,
time costs, and entrance fees, etc.). At low pritessdemand for recreation trips is
high and falls as price increases, as depicteldemégatively sloped demand curve.

At price P, the number of trips is equivalent@(pointe on the demand curve).
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Figure 4.2. Conceptual composition of the Taal ¥Yalz Protected
Landscape related recreational benefits.

Both producers and consumers benefit from the réifferecreational
opportunities available at the TVPL. Net WTP cotssid consumer and producer

surplus. The consumers, or visitors, are willinggéy as much as the aréReQbut

are only paying as much &°eQ. The difference between the two is consumer

surplus (CS&PI_De), I.e. the amount of residual benefits over andralwhat they
actually pay. It is the value of a recreation dttibeyond what must be paid to enjoy
it. Moreover, the producers would have been wilingffer their services at a value
equal to the are@eQ, and receive as much BReQin revenue. The difference
between the two is the producer surfiRe), i.e. the amount of net benefits

producers get from offering the recreational atiggito TVPL visitors. The
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recreational value of TVPL is the sum of CS and ®8ly the CS part of recreation
total value is estimated for the TVPL using BT noet$.

Benefit Transfer Techniques

BT methods use estimated measures from study, 8itg to estimate the
needed measure for policy sjt&/p;. WhenVs;is transferred to the policy sitethe

study site value becomes the transfer valueVie= V,; (Rosenberger and Loomis,

2003). In this exercise, TVPL is the policy siteg.( the area or resource for which
benefit estimates are needed but do not exists @kploratory BT exercise may also
help determine whether original research is wae@dRosenberger and Loomis,
2003); i.e., uncertainty regarding the BT estimaied/or predicted magnitude of
recreational values.

Boyle et al. (2009, p. 1328) proposed four necgssamnditions for valid BT:

a) utility must be separable in unobserved siteatttaristics; b) the study site and
policy site models must be correctly specifiedpedple must not be sorted between
sites according to unobserved features of thefepgaces; and d) adequate data on the
characteristics of consumers and their choiceadtition, there should be
correspondence or similarity between study anccpdlites in terms of a) resource or
commodity conditions, b) site characteristics, @rket characteristics (Desvousges,
Naughton, and Parsons, 1992), and d) welfare aqariead benefit measure (Boyle

and Bergstrom, 1992; Loomis and Rosenberger, 2608enberger and Loomis

(2001) provide a detailed list of criteria for difeetive and efficient BT, reiterating

the conditions above.

Potential problems associated with the applicatibBT methods are provided
by Rosenberger and Loomis (2001). BT problems neagdmtributed by original
valuation studies their methodological applicatiires, measurement error), and a
lack of correspondence between the study sitetangdilicy site (i.e., generalization

error). It is important to identify the potentiagces of errors that affect the accuracy
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of BT and employ means for overcoming them (Rosegéyeand Stanley, 2006). For
example, BT transfer estimates from more ‘gendtidyssites’ may be considered
lower bounds given the ‘uniqueness’ factor assediatith TVPL. Designation of
TVPL as a ‘priority protected landscape’ may haighbr values than ‘generic
protected landscapes’ due to its proximity to papah centers such as Manila and
CALABARZONZ®and its uniqueness. However, evidence reporteldeifiterature
itself may not be representative of generic pre@tandscapes. There are many
social and political factors (e.g., highly valuethse to populations, awareness,
threatened by external factors, etc.) that mayctesearch resources toward certain
landscapes (Hoehn, 2006). If the literature is iated by these research priority
sites, then use of this literature may result ivaiully biased estimates for more
generic applications (Rosenberger and Johnstorg)200

However, being classified as a protected landsoapenot always be positive
since there is an accelerated human populationtgratprotected area edges due to
economic opportunities they provide (Wittemyerle08). Furthermore, when a
resource site generates use value, the densitgeo$ will be higher near to that site
(Bateman et al., 2006). Resource users typically higher values than non-users and
we would expect average values to decay with irstngedistance from a site. These
limitations and problems could lead to biased Bfinestes and decreased robustness
of BT procedure, if not fully addressed.

The summarized BT procedures for estimating thessealue of recreation in
TVPL, as suggested by previous studies (Boyle arg®rom, 1992; Brouwer, 2000;
Rosenberger and Loomis, 2001), are illustratedgure 4.3. The first step is to
describe the resource, commodity or context opthiey site Here we need to specify
the theoretical definition of the value(s) to baraated and needed at the policy $ite
In this paper, all benefit estimates, i.e. accedgevof recreation are expressed in
terms of CS per person per trip (PHP 2006). Prinstuglies reporting benefit
estimates other than CS/person/trip are adjusteérttrip units, and estimates derived

from earlier studies are converted to 2006 PHPgusia Implicit Price Deflatdr The
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information needed in this step include descriptibthe environmental resource, and
possibly, evaluation of expected change in theueso Moreover, factors that can
influence benefit estimates should be defined, siscdocio-economic characteristics
of the affected population (e.g., income, educatage, and gender) and physical
characteristics of the policy site (e.g., environtaéquality, geographic location, and
accessibility conditions). Depending on resouraadations and informational needs,
the level of required accuracy of BT estimatesloanletermined in this step (Kask
and Shogren, 1994).

The second step involvesnducting a thorough literature search and locgtin
relevant study site®rimary studies on the access value of recreatioing US and
The Philippines are collected through searchinglites (EVRI, USAID
Development Experience Clearinghouse, Google Sohéteamally requesting
documents/ references via e-malil, listserves, pasdd and/or phone, analysis of
citations, and careful study of references. Thmary studies are composed of journal
articles, theses, dissertations, working papengemgunent agency reports, consulting

reports, and proceedings papers.
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Figure 4.3. Steps to performing benefit transfers.
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The third step is tevaluate study site data in terms of relevance and
transferability. Primary studies obtained from the literature ceare screened
whether they are relevant to the policy git€ransferability needs to be evaluated
using BT criteria discussed above and in termé&@efverall quality of the study site
data, such as adequacy or scientific soundnes®xXamnple, unbiased estimates are
preferred for a valid BT. Some bias may be accéptaba BT; the level of which
depends on the circumstances of decision settingisidimate usage of BT estimates.
State-of-the-art guides on non-market valuationlmanseful in this evaluation (e.g.
Champ, Boyle and Brown, 2003; Haab and McConnéD22.

The fourth step is tadapt the benefit measure(s) or function to patity
characteristicsDepending on the BT approach used, whether 1) \tedinsfer or 2)
function transfer, necessary adjustments may beetew® reflect the differences in the
study and policy sites to get a more reliable ash\BT estimates for the policy site
j. However, some potentially important charactessstnay not be measured or
reported for the study or policy sites. This is@entified problem in BT (Loomis and
Rosenberger, 2006). Therefore, this missing inféiomaat the policy site may be
sourced out from other sources. For example, stitdg can be supplemented with
external data like Census measures. When key dbasdics of the user population
are measured using a very short and inexpensiveut is important that these
measures are in the study sites as well. For eglsee one cannot supplement may
lead to an increased generalization errors (Rosgaband Stanley, 2006). A more
detailed discussion of the BT approaches is givaavin

The fifth step is t@apply the adapted benefit measure estimate toypeite
This is the final stage where actual BT estimabedte policy site are calculated and
can be aggregated by multiplying the benefit meagd6/person/day in 2006 PHP)

by total visits per year (or total number of afestpopulation).
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Value transfer

Value transfer consists of transferring a singlepestimate from study site
or a measure of central tendency (e.g. average)Vtduseveral benefit estimates

from study site(s) to the policy sitg. Single point estimat&ansfer is accomplished

by using the measures of the study site valigg, (given the context of the study site
(Xsj), to predict the needed policy site valig;), given the context of the policy site
(Xey):

Ve | X, =Vg[Xg Equation (1).

Single point estimate transfer is convergentlyodrathen there is a
correspondence between the study and policy sterns of the commodity, site
characteristics, and the relevant population (Read9). It is assumed that the
welfare of a representative visitor at the studyisis the same as the ‘expected’
welfare of a representative visitor at the poliitg § ceteris paribus

Measure of central tendentyy/similar to point estimate transfer except foa t

use of mean, median or other measure of centrdétery to predict the needed policy

site value. This approach is defined as:

VF,J.‘XF,j :V_SI‘X_S, Equation (2)
where\/_g‘x_Si is the measure of central tendency for all or astibf study site

measures given each study site’s context.
Value transfer approaches are suggested when h)e¢ha values of the
regression independent variables for the poliagyjsir 2) the valuation regression

model of the study site, are not available or reggbin the primary studies.
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Function Transfer

Function transfers include the transfer of an erdemand or benefit function
estimated for a study site, or the use of metaeegon benefit function derived from
various study sites. Function transfers then atteptunction to fit the specifics of the
policy site, such as socioeconomic characteristixent of market and environmental
impact, and other measurable characteristics ysa¢mmatically differ between the
study site and the policy site. The adapted fundsahen used to predict or forecast a
benefit measure for the policy site.

The demand or benefit functigransfer is defined as:

Vy = fS(XS‘Pj) Equation (3)

whereV,; is the needed value for the policy gitevhich is derived from the study site
demand or benefit functiot,, adapted to the context of the policy g, |. To

predict a tailored policy site estimate, the regi@s coefficients estimated at the study
site are adjusted by the policy site measuresassociated regression variables.
Function transfer assumes that the underlying bhelewelationship between a
recreation trip and the variables representingasite population characteristics is
identical, and adjusts to the differences in thes&bles between the policy and study
sites.

Loomis (1992) argued that the benefit function $fanmethod is a more
rigorous and robust method of BT compared with pesgtimate transfer methods.
Benefit function transfer can be fitted to the euderistics of the policy site and more
information is effectively taken into account irettransfer. In this regard, function
transfer can result in smaller BT error than vdhaesfers (Rosenberger and Loomis,
2003). Rosenberger and Phipps (2007) added thetidmal transfers have the
potential to reduce generalization errors compé&wgabint estimate transfers.

Generalization error occurs when a measure of valgeneralized to unstudied sites
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or resources. It is hypothesized to be inversdbted to the correspondence between
study sites and policy sites.

While function transfer may be better than valamsfer, it is still considered a
second-best strategy for recreation valuation (Rloseger and Loomis, 2001). One
drawback with benefit function transfer is the esobn of relevant variables in the
WTP function estimated in a single study due td lafcvariation in those variables.
There might be variables relevant to the studylsitenot to the policy site. To address
this problem, the study site should be chosen tasb&@milar as possible to the policy
site, or use meta-regression transfer function.

If benefit function transfer is based on a singlelg, meta-regression transfer

function on the other hand, is based on the statisticahsary or synthesis of
outcomes from several studies. The conduct of Bduilih MRA is feasible with the
accumulation of primary studies on recreation viidduia MRA is the statistical
summarizing or synthesizing of past research resisiing multivariate regression
analysis (Stanley and Jarrell, 1989). Meta-analyasbeen used for synthesizing
research findings, hypothesis testing, knowledggiadion, benefit transfer (Smith
and Pattanayak, 2002; Florax, Nijkamp, and WiRi802) and to improve the process
and quality of literature reviews (avoiding bias)aluation studies (Stanley, 2001).
More detailed steps in conducting a MRA is provitdgdStanley (2001).

The MRA transfer function is defined as:

Vp = fS(Ys‘Pj,MS‘Pj,GS‘Pj) Equation (4)
whereV,; is the needed value for the policy gitevhich is a functior(fs) of the
following variables: X is a vector of site and population characteriggtsvant to the
policy sitej; M is a vector of methodological variables; aRds a vector of other
quantity/quality variables. In MRA transfer funatio/;, is a summary statistic

(CS/person/day) from each individual studies. HBtaistical function, the MRA
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transfer function, becomes the link between theskedge derived from applied
research and its application to policy settings.

In a meta-analysis, several original studies aedyard as a group, where the
result from each study is treated as a single ghien in a regression analysis. If
multiple results from each study are used, varineta-regression specifications can
be used to account for such panel effects (Nelsdrk&nnedy, 2009; Rosenberger
and Loomis, 2000b).

The conduct of meta-analysis is not a perfect seiet also has its limits.
Study sites may be biased because of reliance loiispad sources (publication bias);
and lack of standardization in methodology. In tese to these basic problems in
meta-analysis, Button (2002) described the follgymecessary conditions to consider
when conducting meta-analysis: a) acceptance adrgewalues; b) sufficient previous
studies; c¢) compatibility of studies; d) stabildf/the parameters with rapidly
changing technology and tastes; e) nature of infion needed; and f) independence
of studies.

The validity and reliability of applying meta-analy to inform policy choices
is highly dependent upon the primary studies. dtsticbutions can be limited by the
guantity and quality of available documentatiomirprimary research (Loomis and
Rosenberger, 2006) and the inherent heterogenfeietadata (i.e., the literature).
Hence, meta-analysis explanatory power will usuadlyexceed that of the underlying

individual studies (Brouwer, 2002).

Convergent Validity of Benefit Transfer

Convergent validity is about the accuracy of gelmagon; i.e., measures of
the same theoretical construct correspond to ethar-e-they converge. Validity tests
investigate the extent to which the welfare valaies functions are transferable from a
statistical point of view. Convergent validity testswers the question how valid is the

measures of benefits at unstudied sites (Desvoudgbason and Banzhaf, 1998). For
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example, convergent validity tests by Rosenbergdrlaomis (2000b) suggest that a
national model is more robust to changes in apfptioahan regional models, in part
due to the greater coverage of the distributioreofeation values. Testing a value
transfer or function transfer model for convergealtdity can be empirically done by
comparing a transfer valu¥gy) to the ‘true’ value for a site/g), where the true value
comes from an original study at the site. The dased error ) with the BT is
defined as:

£= Vs “Ver Equation (5)

VS

If more than one transfer estimates is generatgdfrem single point estimate and
meta-regression benefit function, these two trarefémates can be compared to
determine if the BT method applied is invarianjudgment by the meta-analyst. If a
model has poor explanatory power for the study #itere is little confidence in the
accuracy for BT. In the same way, if there is lgditonvergence between ‘study site’
and ‘policy site’ estimates, there is little corditte in the BT estimation.

The ‘true’ value in itself is an estimate of an nolwn value. ‘Study site’
estimates are considered the best approximatitimedfue value\(s). This is a
concern since there are no primary study estinsatagable at the policy site (TVPL).
When MR model is adapted, meta-analysis can engiiag-sample prediction
(Nelson and Kennedy, 2009) and the results aredesthe MR model supports a BT
application(Smith and Pattanayak, 2002).

Benefit Transfer Applications to TVPL
Value Transfer: Single Point Estimate

Transfers conducted within [country] perform bettean transfers conducted
between [country] (Rosenberger and Loomis, 200idhik regard, an in-depth search
for relevant study sites reporting an economic messf direct-use value estimates

(i.e. access value only, not marginal values) fiature-based’ recreation in the
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Philippines was performed. A list of valuation saegdconducted in the Philippines
between 1988 and 2002, categorized in terms of@mwviental services, is provided
by REECS, Inc. (2003). Three of the seven potestialy sites on protected
landscape are available and were collected (Predio, 4999; Navarro, Paca and
Rimas, 2008; and Rosales, 2001). However, onlystury site (Predo et al., 1999)
passed the relevance and transferability crit@te. studies by Navarro, Paca and
Rimas (2008) and Rosales (2001) can be excludealibed¢hese ‘potential study sites’
estimated the recreational benefits derived framoantain ecosystem. The study by
Predo et al. (1999) estimated the recreationglajston use, existence, and bequest
values, through WTP for protection of Lake Danadiddval Park (LDNP) in Ormoc
City, Leyte, Philippines (Figure 4.4). The studgd<CVM with three WTP question

formats — open-ended, payment card, and iteratodirm. Tobit (censored
regression) model was used to analyzed the difféaetors affecting WTP bid for
protecting LDNP based on 210 respondents.

There is some degree of correspondence between BW@ILDNP (Table 4.1)
in terms of the technical criteria for transferapibf study sites values (Boyle and
Bergstrom, 1992). The policy site value based @d®et al. (1999) is PHP35.65 per
person per trip or PHP62.40 per person per yedlgR@&t 95% confidence interval,
the policy site value ranges from PHP21 and PHPBPe3son/trip or between
PHP36.70 and PHP88.10/person/year (i.e. 41.20%imafgrror (MOE)).
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Table 4.1. Significant features of Taal VolcanotBeted Landscape (policy site) and
Lake Danao National Park (study site) and theirensteds.

Characteristics Taal Volcano Lake Danao National
Protected Landscape Park

Biophysical
Location Batangas, Philippines Leyte, Philigsn
Landscape area (ha) 4,537 2,193
Basin Area (ha) 62,292 107,825
Lake area (ha); max. depth (m) 3BH 140; 182
Distance to nearest City (km) 13 (Tagaytay)Ci 17 (Ormoc City)
Geology
Elevation range (masl) 4 (lake), 835 (Mt. 620 (lake), 1,020
Maculot Peak) (Mountain peak)
Soils Volcanic Volcanic
Climate
Average rainfall/year (mm) 1,833 2,592
Average temperaturéQ) 28.0 24.2
Conservation and research priorityres, #11" of 24 Yes, # 19 of 24
area in inland waters?
Land Tenure Government owned, Government owned,
under NIPAS under NIPAS
Land Use Aquaculture, fishing, Fishing, outdoor
outdoor recreation, recreation, forestry,
agroforestry, etc. etc.
Population (2007 census) 343,749 177,524

“crater lake aredThe reservation area of the Philippine National@ikporation
(PNOC) where LDNP is located. PNOC is a geothepoaler-generating company
that supplies 708 MW of electric ener@Mational Integrated Protected Area System
Source: Garcia et al., 2005; Ong et al, 2002; Petdd., 1999; Vista, 2003.

Function Transfer: Meta-Regression Analysis

Benefits are more often transferred from develogmatries, e.g. the US
where numerous primary studies have been conductei@veloping countries, e.qg.
The Philippines where there is a limited numbeprahary studies. An important
prerequisite for conducting a robust meta-regresailysis for the purpose of BT is
the availability of sufficient studies on recreatigaluation, which is true for US.

While a number of valuation studies have been cotediin the Philippines and the
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Southeast Asia region, the reality is that the waagority of the recreation literature
originated from developed countries. For examplaiAand Susuki (2009) studied the
possibility of using international BT to value ctadszones and found that transfer
errors are fewer when transferring from a develapmthtry (Japan) to the developing
country (China) than vice versa. They also comp#redransferability of three
attributes associated with coastal resources amtifthat economic promotion has
more transferability than environmental improvemamd risk reduction.

In this paper, primary studies (‘study sites’) umbd in the metadata are based
on the broader North American recreation use valla¢sbase. ‘Study sites’ are
selected based on recreation activity, climate/argite characteristics/environment.
The following recreation activities were selectigdshwater fishing in lakes,
swimming, boating, camping, floating/rafting/canagiwaterskiing, hiking,
picnicking, sightseeing, and general recreatiotud$ sites’ with hot, humid or dry
regional climate, which mimics the climate in tipelicy site,” are selected. These
sites include the southeast region (Florida, Geopwjlabama, Tennessee, South
Carolina, and North Carolina); southern region @&sippi, Louisiana, Arkansas,
Texas, and Oklahoma); and southwest retf@nizona, California, Nevada, New
Mexico, and Utah). After excluding five possibletiars (CS> $350), there are 213
benefit measures from 47separate primary studideeimetadata that spans from
1958 to 2006. Appendix D provides a summary ofctetécharacteristics of the
original study used in international BT while AppienE provides the bibliography of
recreational valuation studies used in internati@Ta

A linear specification fit the data better. Sinbe metadata resembles a panel
type, the metadata was stratified 'by study' agduiderlying data structure’ to
capture dependency among estimates provided mgéesdiocument. Results of
Hausman's Chi-squared statistic test, based osttidy’ stratification, favored fixed-
effect specification but only one of 28 study dunwayiables and only one of the 42
estimated panel constants was statistically sicgmfi. On the other hand, only five of

the 28 study dummy variables were retained in Hreepmodel when the stratification
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was based on the ‘underlying data structure.’ is tbgard, panel effects in the
metadata are not significant (Rosenberger and Lea2000b). Moreover, classical
ordinary least squares (OLS) and weighted leasireguWLS) meta-regression
models were estimated. Results show that thergé&sggnificant variables in an OLS
MR model and only 10 significant variables in th& $"MR model. To further test the
performance of the two MR models, an in-sample fiepeediction using a jackknife
data splitting technique was employed. In the WLR Model, all independent
estimates are given weights equal to one, whiledéent estimates are assigned
weights based on the number of observations olatdioen each primary study. At
95 % confidence level, the median and mean abspkreentage transfer error (PTE)
for the OLS MR model were 17.86% and 30.51%, wieimdard error of 2.39%,
which is statistically the same with Shrestha andrhis (2001). On the other hand,
the median and mean absolute PTE for the WLS MReinwdre, 34.20% and
43.16%, with standard error of 2.77%. Thereforelaasical OLS MR model was
estimated and reported below.

The estimated MR model equation is, in matrix notat
CS =a+ BSITE + B,METHOD, + B;ACTIVITY, +u, Equation (5)

where subscripf stands for estimaiefrom studyj, « is the constant ternp, a vector

of residuals, and the vectgicontaining all the estimated coefficients of the
respective explanatory variables. SITE represemtctor of site-specific variables
that identify the primary environment, geograploicdtion of the natural resource
setting in which the recreation take place, arel aifgregation. METHOD represents a
vector of method variables, which control for tHe &d RP valuation methods used,
survey type employed, visitor type, and value UR@TIVITY represents a vector of
recreation activity variables that are modelechmdtudy. Table 4.2 provides a
description of variables tested in the meta-regoessnalysis.
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Table 4.2. Description of variables tested in tretayregression analysis.

Variables

Description

Dependent variable:
CSs

Environment variables

Lake

River or stream
Grassland
Public

Park

SE Region

Single-site

Method variables
Stated Preference

Individual TCM
Substitute price
Open-ended
Dichotomous choice
Iterative bidding
Price or quality
substitute

Mail

In-person

Phone

Resident
Value Unit

Consumer surplus per person per day ($ 2006 dollars)

Quialitative variable: 1 if primary environment is lakangb or
reservoir resource; 0O if otherwise

Qualitative variable: 1 if primary environmemiver or stream; O if
otherwise

Qualitative variable: 1 if primary environment ésgland;
0 if otherwise

Quialitative variable: 1 if the resource is owned publicl
0 if otherwise

Qualitative variable: 1 if the resource is designated agnetianal
or state) ; O if otherwise

Qualitative variable: 1 if the study site is SeaghRegion (Florida,
Georgia, Alabama, Tennessee,South Carolina, North Caroliifa); 0
otherwise

Qualitative variable: 1 if the primary studgiigyle-site or sub-site;
0 if regional studies.

Qualitativeriadle: 1 if stated preference (SP) valuation appr

used; O if otherwise
Quialitative variable: 1 if RP and an indivéditravel cost model is
used; O if otherwise

Qualitative variable: 1 if RP and substiice, index or variable
included in regression; 0 if otherwise

Quialitative variable: 1 if stated preference (SP) andemgled
elicitation method was used; O if otherwise

Qualitative variable: 1 if SP and dichotmmoice elicitation
method is used; O if otherwise

Qualitative variable: 1 if SP and iteratiidelng elicitation method
is used; O if otherwise
Qualitative variable: 1 if SP and substitute in price origual
treatment is used; O if otherwise
Qualitative variable: 1 if used mail survey type; Otlierwise
Quialitative variable: 1 if used in-person surypg;t0 if otherwise
Qualitative variable: 1 if used phone survey typieptDerwise
Qualitative variable: 1 if visitor type is resid@nf;otherwise
Qualitative variable: 1 if CS is originally estiehias per person per
day; O if otherwise

Recreation activity variables

Fishing....waterskiing

Qualitative variables: 1 if the relevaateation activity was
studied; 0 if otherwise. The recreation activities are: Fishing,
Swimming, Boating, Camping, Floating/Rafting/Canoeing,
Waterskiing, Hiking, Picnicking and Sightseeing.
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Table 4.3 presents the final estimated MR modéliding the standard errors
estimated using White’s heteroskedastic correabedrtance matrix estimator, and
mean of the dependent and independent variableseXplanatory power (adjusted-
R?) of the MR model is 0.51, considerably above tf&3hrestha and Loomis (2001)
and Rosenberger and Loomis (2001). This may bealtexluced heterogeneity
among the data when the selection criteria are hmréng in their scope and
coverage (e.g., region and activity types). An stdjd-R of 51% indicates that about
half of the variance in benefit measures is exglaiby the model. For the dummy
variables, the mean value represents the propsrtbthe ‘study sites’ with a value of
one. For instance, the mean of 0.35 for the dumamiakilelake denotes that 35% of
the ‘study sites’ were from a lake environment.léwing similar interpretation, 93%
were located on public lands, 15% were designagquhek, 70% were aggregated as
single-site or sub-sites, etc. The estimated MRehsdstatistically significant at
0.01 based on the-tests.The model has a standard error of 3.05, which sdzat at
a 95% confidence interval, it has a 6% MOE in predn. Out of 28 variables, 18
were statistically significant at p-valgel0%.

The resulting MR model reported in Table 4.3 wasdu® calculate the meta-
predicted value for the ‘policy site.” A benefit amure for the policy site was
calculated by adapting the MR function to the sfpecharacteristics of the ‘policy
site.” An example of adaptation of meta-regressienefit function for fishing is
shown in Table 4.4. All variables were set to tlsaimple mean values except for
those that have corresponding measures at theysitie; in which case they are set to
the policy site levels. For instance, the SouthBagfion variable in the model was not
directly relevant in this estimation as it is usedncorporate climatic effects in the
MR model estimation, and therefore normalized thi&r mean in obtaining MR

model predicted CS values.
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Table 4.3. Ordinary least squares regression nredalt.

Variable Coefficienf Standard err8r Mean of variable
CS - - 41.75
Constant 35.25 17.53 -
Lake 26.81" 8.98 0.35
River or stream 58.55 15.72 0.26
Grassland -70.75 20.24 0.03
Public -44.0T" 13.89 0.93
Park 41.70 17.56 0.15
SE Region -18.75 8.43 0.26
Stated Preference 5354 26.75 0.22
Individual TCM 47.55" 11.96 0.27
Substitute price 11.90 8.50 0.47
Open-ended -68.124 24.13 0.07
Dichotomous choice -13.07 21.20 0.12
lterative bidding -83.18 32.63 0.03
Price or quality substitute -54.63 18.91 0.01
Mail 38.99” 11.12 0.36
In-person 43.98 9.99 0.50
Phone 30.38 23.29 0.03
Resident -27.99 6.63 0.41
Fishing -6.73 14.06 0.10
Camping 0.66 6.36 0.17
Hiking 19.23 14.95 0.05
Floating 5.24 18.13 0.21
Swimming -7.95 10.42 0.03
Boating -56.33 11.70 0.12
Picnicking 22.20 13.18 0.03
Sightseeing 9.61 15.39 0.04
Waterskiing -19.18 16.72 0.01
Value unit -28.23 9.15 0.43
Single-site aggregation -8.76 10.85 0.70
Adjusted-R 0.51

F-stat[28,184] 8.8§*

Number of observations 213

Note: Dependent variable = consumer surplus (C§p)@|eson per day ($ 2*006)
&7 Statistically significant at the 1% level or befteat the 5% or better, the 10%

level or better.

PStandard errors are calculated using White's hekextastic corrected covariance
matrix estimator. Overall MOE is + 6% based on d#ad error of 3.05 and 95%

confidence interval.



Table 4.4. Example adaptation of meta-regressioefitunction for fishing.

Adaptation Incremental
Variable Coefficient  value consumer surplus
Constant 35.25 1 35.25
Lake 26.81 1 26.81
River or stream 58.55 0 0.00
Grassland -70.75 0 0.00
Public -44.01 0 0.00
Park 41.70 1 41.70
SE Region -18.75 0.26 -4.93
Stated Preference 53.54 0.22 11.81
Individual TCM 47.55 0.27 12.93
Substitute price 1190 0.46 5.53
Open-ended -68.14 0.07 -4.80
Dichotomous choice -13.07 0.12 -1.59
Iterative bidding -83.18 0.03 -2.73
Price or quality substitute -54.63 0.005 -0.26
Malil 38.99 0 0.00
In-person 43.98 0.50 21.89
Phone 30.38 0 0.00
Resident -27.99 0.95 -26.59
Fishing -6.73 1 -6.73
Camping 0.66 0 0.00
Hiking 19.23 0 0.00
Floating 5.24 0 0.00
Swimming -7.95 0 0.00
Boating -56.33 0 0.00
Picnicking 22.20 0 0.00
Sightseeing 9.61 0 0.00
Waterskiing -19.18 0 0.00
Value unit -28.23 043 -12.06
Single-site aggregation -8.76 0.70 -6.13
Total consumer surplus, US $ 2006 90.10 |

®Actual proportion of visitors in the ‘policy site.’
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The adaptation value used for the resident variabke 0.95, to reflect the
actual proportion of visitors in the ‘policy sité.he policy site definition for resident
visitors are those defined as domestic Filipinedlars and returning overseas Filipino
workers while non-resident visitors are definedaasign travelers. All other variables
in the MR model applicable to the ‘policy site’ weset to one, and zero otherwise.
For instance, the policy site is designatega¥, so the adaptation value was set to
one. The explanatory varialppark is an adjustment factor that directly addresses
some of the characteristics of the policy site etgeted, unique, and high quality.
Likewise, the policy site haslake environment setting, so the adaptation value was
set to oneFishingvariable, the targeted recreation activity, was@®ne, while all
other recreation activity variables were set tmzér sum, the following variables
were set to zero Hver, grass, publig maift®, phoné®, camping, hiking, floating,
swimming, boating, picnicking, sightseeiagdwaterskiing The calculated benefit
measure per fishing day, after adapting the MR rheplecifically to the policy site, is
$90.10, or between $84.72 and $95.48 at 95% camfelaterval.

Adjustments are needed before transferring valwes the 'study site' to
‘policy site," so that transfer errors are redud@dadapt the calculated benefit
measure to the policy site, the income levels betwtbe two countries was adjusted
using purchasing power parity (PPPPPP is the exchange rate that equalizes market
prices and is appropriate for converting into a g@n currency. On average, resident
visitors made only 1.6 trips per year and 1.75 geystrip (NSO-DOT, 2006). The
adjusted benefit measure for the policy site faheaf the recreation activities is given
in Table 4.5. Among the recreation activities, tsgeing experiences occur mostly at
the town of the ridge-Tagaytay City, Cavite Proenc

MRBT was used to predict the policy site value d® et al. (1999) as a
simple out-of-sample test. Separate estimateserergted for all recreation activities
estimated in Table 4.5 and its average was asstorisl equal to the recreational
value of LDNP. The same procedure discussed abagdallowed in this estimation.

The estimated policy site value using MRBT was PAHR&0 per person per trip,
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resulting in an absolute percentage transfer efr@r231%. Given the high margin of
difference between the original value in Predol.et1®99) and the MRBT predicted
value (PHP35.65/person/trip vs. PHP474.80/persph/traution is suggested in using
the MRBT numbers. The MRBT predicted estimatesahl& 4.5 were very different
from the predicted value for LDNP because the dtpteference variables (open-
ended and iterative bidding) in the MR model werpli@able to the LDNP and were
set to one. Lower recreational value may also Beaated for LDNP than TVPL

since the latter's uniqueness factor is more evittean the former.

Table 4.5. Estimated consumer surplus (CS) foerkfit recreation activities at the
policy site based on the meta-regression benafister function.
Recreation activity CS/person/da CS/person/day CS/person/trip CS/person/year
($2006) (PHP2006) (PHP2006) (PHP2006)

Fishing 90 2,000 3,500 5,601
Camping 71 1,569 2,746 4,393
Hiking 89 1,981 3,467 5,548
Floating 102 2,266 3,965 6,344
Swimming 89 1,973 3,453 5,525
Boating 40 899 1,573 2,517
Picnicking 92 2,047 3,582 5,732
Sightseeing 80 1,768 3,094 4,950
Waterskiing 78 1,724 3,017 4,826
Average = 81 1,803 3,155 5,048

®Experiences occur mostly at Tagaytay City, Cavite.

Recreational Value of Taal Volcano Protected Landscape

An estimate of the aggregate recreational valuBMHL was derived using the
result of the single point estimate transfers. VHRBFT was not used in the
aggregation process since the out-of-sample testteel in high absolute PTE
(1,231%), eventhough in-sample test revealed aolatesPTE of only 31%. While the
MRBTF resulted in an acceptable precision (31 % PEEnay be not an accurate
estimate since the adjustments using PPP did fiptclaptured differences between

the study and policy sites. The aggregate recreatialue of TVPL equals the
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consumer suplus per person per year times the numibesident visitors in 2006.
Non-resident visitors were excluded in the aggregatince no data was available
about their trip characteristics. In this regahs, torecasted aggregate recreational
value of TVPL is considered lower bound (conseveat Aggregate CS estimates are
provided for the Cavite (Tagaytay City) and Batangiales since the visitation/activity
patterns for these two provinces are quite differear the Batangas Province alone,
the estimated 2006 recreational value was abouBPHRillion based on point
estimate transfer. For the Cavite side, the eséicha006 recreational value was about
PHP118 million based on point estimate transfesuim, about PHP128 million was
estimated the value of access to TVPL in 2006. &bcess value is not the amount
that PASu could earn through user fees. Settimgand projecting fee revenue
requires the use of elasticities and other behavaspects of users.

Table 4.6. Recretional value of Taal Volcano Preteéd andscape based on Filipino
resident travellers, 2006.
No. of  No. of Residen Aggregate CS (PHP 2006)

Visitors visitors Single point estimate

Batangas 169,240 155,701 9,715,730
Cavite (Tagaytay) 2,006,571 1,906,242 118,949,529
Total 128,665,259

Discussions, Conclusions, and Policy Implications

Benefit transfer methods are increasingly useddalecision-making,
especially when time and resource constraintsahewct of primary study. It has
many potential applications in developing countrigserein collecting primary data
is significantly constrained by limited financi&sources. This paper has used BT to
estimate the recreational value of Taal Volcanddted Landscape, Philippines.

Two welfare measures are estimated from a 1) spgjlet estimate transfer based on



137

a Philippines ‘study site’ and 2) meta-regressiendiit function based on selected US
‘study sites.’

Following BT protocol, the adapted welfare measurgsorted in PHP 2006
CS per person per trip and per year, are adjustdtetpolicy site conditions and
common unit. The MR transfer function was testadgis1-sample benefit prediction
performance. The median and mean absolute PTE duppaonclusion that the MR
transfer function model can be used to predicintbare estimates at the policy site.
However, simple out-of-sample test of the MRBT te&siiin very high absolute PTE
(1,231%). Since the absolute PTE in the out-of-darBf prediction was greater than
the in-sample BT prediction, the estimated welfakies using MRBT were not
recommended for adaptation in TVPL. A smaller welfastimates per person per trip
and per year (with a MOE equal to 41%) were eseghaising single point estimate
than the MR transfer function model. Given withstbvidence, the single point
estimate outperforms MRBT. Even though the poitiesie transfer generates
second best CS estimates, the adapted welfare reasube used to help guide
policies in the area. These values can be incotpaiato resource management
decisions of PASu, PAMB, and various local governtaavithin TVPL.

Results of this essay can inform PASu, PAMB, amduikitors of TVPL the
total value of recreational access in the area.lPrA8y be able to use the visitation
data and estimated aggregated value per provinite idetermination of financial
commitments by the different municipalities andesitwithin TVPL. In particular,
Tagaytay City may be asked to provide more fundavgards the implementation of
the management plan since the city captures mesesiments and revenues
associated with tourism in the area. Tagaytay @iynly benefits from the scenic
beauty of TVPL through tourism surplus, includimggrin land values, tourism-related
livelihoods, business permits, and taxes. In faotut 80% annual revenue of the City
Government of Tagaytay are generated from tourisiy. @agaytay City is currently
a “free rider’ to the positive externalities of T®alcano Island and Lake, while the

DENR-PASu and other municipalities/cities withire thasin pay the cost of protection
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in the area. Interestingly, the PASu office anduicial Government’s Task Force,
with the help of municipalities of Talisay, Laurélgoncillo and Tanauan City are the
ones regulating the intensive cage culture, infuastire development, and pollution
within Taal Volcano Island and Lake but they aré staared with these tourism
suplus. Knowledge of the recreational value of T\GPéates incentives for the
Provicial Task Force on Environmental Law Enforcatrend concerned local
governments to ensure protection and conservafidmed unique resources. To do
this involves costs on the part of PASu, PAMB amellbcal governments within
TVPL.

The estimated recreational value of TVPL is notiegjent to economic
resources that can be generated when visitor eseoferecreational boat licenses are
imposed to the users. User fees should be basadMnP study that captures public
perceptions and WTP fees, among others. If PASUdnMike to capture some of the
recreational value in TVPL, a user fee may be iredam visitors at the Taal Volcano
Island. The recommended hocuser fee per visit is PHP86/person. This amourst wa
based on the budget for recreation and culturaluregs priority activities from the
management plan (PHP14.62 million) divided by tbenber of visitors in 2006 in
Batangas Province (169,240). This amount is abwigetthat of the recommended fee
of PHP44 per person per visit for the Sohotan NatBridge National Park in Samarr,
Philippines (Rosales, 2001). Higher fees at ungjtes may have little or no effect on
visitation levels (Benitez, 2001). Proceeds frorardses shall go to the Integrated
Protected Areas Fund (IPAf. Capturing monetary payments can be used to
compensate TVPL for service provisioning and manmg the area for its scenic
beauty. Likewise, these revenues could be usedppaost TVPL biodiversity
conservation and funding the alternative employnogmortunities for affected locals
who are barred from tilapia cage farming.

Given the time and funding, it is important to gataccurate assessment of the
value of goods and services the area provides.CHmde done through conduct of
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primary valuation studies that captures public pptions and WTP fees, visitation
carrying capacity, etc. Moreover, future researely flocus on comparing tourism
impacts on TVPL before and after management planzarticular, after the 10-year
management plan, it is imperative to assess ifgta of maintaining the population at
TVPL is maintained below 350,000. In other protdceeas in Africa and Latin
America, parks attract human settlement. There igcaelerated human population
growth at protected area edges due to economicrtymioes they provide (Wittemyer
et al. 2008). If the same trend happens in TVPéntitis imperative that economic
developments should be targeted at areas morentlisten the basin that aids local

communities while simultaneously reducing humarsguee on TVPL.
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Notes

! PAMB membership now stands at 157, with 35 ExeeuCommittee members.

2

3

4

5

6

Municipalities are divided into income classes adow to their average annual
income during the last three calendar years: Elests = annual income of PHP
50,000,000 or more; Second class = annual incortvecea PHP 40,000,000 and PHP
49,999,999; Third class = annual income between 8%600,000 and PHP
39,999,999; Fourth class = annual income betwedd Z3000,000 and 29,999,999;
Fifth class = annual income between PHP 10,000e0@0PHP 19,999,999. While
most of the municipalities that spans TVPL are aered &, 4" or 5" class, the
Province of Batangas rankell 8mong 77 provinces in the Philippines in terms of
Human Development Index for 2000. In 2003, Batamgaked 18 place in HDI.

HDI is the summary measure of human developmenthias three basic
dimensions: longevity, knowledge, and standardvirig.

NIPAS law provides for the establishment and mameaege of national integrated
protected areas system, defining its scope and-aggeThese include natural park,
natural monument, wildlife sanctuary, protectedisgapes and seascapes, resource
reserve, natural biotic areas, and other categestdlished by law, conventions or
international agreements which the Philippine Goreent is a signatory. The NIPAS
designation is equivalent to the International Wnior Conservation of Nature and
Natural Resources (IUCN) Category V.

Non-rival goods are goods whose consumption byp@ngon does not prevent
simultaneous consumption by other persons.

‘Benefit’ transfer and ‘value’ transfer means tlaeng. Other authors use the word
'value' and not 'benefit' to make a distinctionNstn 'costs' and 'benefits.’

Region IV-A, portmanteau of the names of the progs CAvite, LAguna, BAtangas,
Rizal, QueZON. It is the second most densely pdpdleegion in the Philippines, next
to Metro Manila.
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" Consumer Price Index for areas outside the NatiGagital Region is available at
http://www.cesus.gov.ph .

8 Colorado was excluded in the selection criteriasitne over-all climate of the state is
different from the targeted policy site.

® Thepublic variable identifies all studies conducted on ratiom on public lands,
including US Forest Service, Bureau of Land Manag@imJS Army Corps of
Engineers, county, municipality, etc. The valuestgpically lower than other
estimates because these sites are easily accemstbiaore general in nature. This
variable is not adaptable to TVPL. The varigdek captures the premium for high
quality, unique protected sites.

°Phone mail or web-basedurveys are not often used in the Philippines sinaay
targeted respondents don’t have access to thenceHerpersonsurvey is the
dominant type of survey data collection. In devéigpcountries, like The Philippines,
local cultures and socio-economic conditions mdtiemay influence] in benefit
estimation (Alam, 2006).

Ypurchasing Power Parity conversion factor used$a®HP22.2 (WorldBank, 2010).
There’s a caveat in PPP adjusted benefit measimas is will not be able to correct
for differences in individual preferences, and atdt and institutional conditions
between the two countries that they have the pialdntinvalidate an international
BT.

1?Department Administrative Order No. 25, Series@2— NIPAS Implementing
Rules and Regulations states that “at least 75#beofevenues generated by a
protected area shall be retained for the developamehmaintenance of that area
and utilized subject to the IPAF Board guidelinewith the balance being remitted
to the Central IPAF Fund.”
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CHAPTER 5 - CONCLUSION

This dissertation has presented three essays @zanatysis, benefit transfer,
and recreation use valuation. Summaries of restdtstributions, conclusions and
recommendations of the three essays are presenteis isection.

The goal of the first essay was accomplished dgviehg the best-practice
guidelines for meta-analyses using the sportfiskeldgation studies. Based upon the
log-likelihood ratio test, the two sub-metadata eiledsingle-site and regional) are
not from the same population and should not begubwlithout accounting for their
differences in a meta-analysis. Overall, the regiomodel has more significant
variables and lower percent difference (i.e. transfror) in the out-of-sample validity
test than single-site model. When high/low origioahsumer surplus values for the
transfer studies were excluded in the out-of-samaglility test, the relative
performance of the regional model increases owesithigle-site and pooled models.
However, these results remain inconclusive as tectwmodel might work best in
real-world policy settings given small set of oftsample studies. Essay 1 has shown
that welfare aggregation differences among prinséugies influence the direction and
magnitude of bias that are carried forward in bigtefnsfer applications. In
particular, benefit transfer error depends on tletaranalyst’s choice of primary
studies to include in metadata, model specificataom the unit of welfare aggregation
level to consider. Therefore, meta-analysts shoattsider the appropriate level of
aggregation when doing benefit transfer based da-negression benefit function.
There is no single ‘appropriate’ level of aggregatiSome construct at different levels
of aggregation might be better depending on thebmurof available studies and
desired outcome being studies.

The second essay examined meta-analytic procethaeare used when one
or more of the studies in the metadata containipieltneasures of benefits. Results
show that the degree of explanatory power amoagnéta-regression models was

best achieved in an all-set weighted specificadiod in using an average-set
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metadata, which are complementary treatments afadigptendency. There were
changes in the magnitude and signs of the estinpateaimeters of the fishing
environment variables when the underlying structirthe metadata was modified
into best-set and average-set. This result affirthedindings of Essay 1 that the
structural shift in the metadata was influencediglying environment variables.
Moreover, results indicate that median absolutegrgnge transfer error is lower for
the meta-regression models based on a single vauayerage-set and best-set
metadata than the meta-regression based on alteeever, this increased in in-
sample predictions is not substantial since thglsimalue approach may result in a
loss of information. One significant observatioonfrin-sample predictions is that the
absence of very low and very high estimates imtb&adata will likely result in more
robust meta-regression benefit transfer. Therefmetion is recommended when
selecting studies for point or function transférattprovide very low estimates.
Instead, it is recommended to select those obsensathat fall within two standard
deviations of the mean, given large sample. Firgledgo suggest that the dummy
variables related to measurement errors and puiolicaelection bias are important
predictors of transfer errors.

The third essay estimated the recreational valuleaaf Volcano Protected
Landscape in the Philippines. Results show thafisipoint estimate transfer worked
better than the meta-regression benefit functiandfer. The meta-regression benefit
function was not used since the out-of-samplergssilted higher absolute transfer
error than in-sample test absolute transfer efffoerefore, caution is suggested in
using the estimated numbers using meta-regressioefib function. The estimated
welfare estimate of recreational access using sipgint estimate transfer was PHP
36 per person per trip. Given different trip chageastics of visitors, separate
aggregate estimates of recreational value wermatdd for the Batangas Province
and Cavite Province. The aggregated recreatiomadflie at Taal Volcano Protected
Landscape was PHP 9.7 million from 155,701 visiirBatangas side and PHP 118.9

million from 1,906,242 visitors at the Cavite side2006. The number of visitors
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corresponds only to the domestic Filipino travebard returning overseas Filipino
workers. Foreign visitors (about 5%) were excluohethe aggregation since no data
was available about their trip characteristics. €sgmated PHP128.6 represents the
value of access to Taal Volcano Protected Landsicep@06.

There remain some challenges in conducting metbssiador benefit transfer.
In particular, there is a general lack of reportigput characteristics of the primary
study contexts in the literature. In this regah@ tollowing observations are
recommended when conducting meta-analysis andibgaasfer: 1) the need to
account for aggregation differences among primarglies to minimize biased value
estimates in benefit transfer depending on poléttirsys; 2) the importance to correct
for dependency and other methodological pitfallmgta-regression; 3) metadata
sample selection is best guided by the goals ofrtea-analysis and perceived
allowable errors in benefit transfer applicatioas¢ 4) the conduct of primary study is
still the first best strategy to recreation usauatibn, given time and resources. More
research is needed to analyze the implicationsetédata sample selection in the
context of benefit transfer. In particular, futuesearch should evaluate the downward
bias associated with the different metadata sasipés when used in benefit transfer

applications.
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APPENDIX A: MASTER CODING SHEET FOR RECREATIONAL FI SHING

STUDIES.
Fish [ RUVD]
FOO0O V00O Document Code
STUDY SOURCE
FOO1 V001 Study code [#] Fxxxyyy; X = study; y tiemte number; start
F101001 (Write this no. at the top of the document
FOOla V002 Author(s) [text] List all by last name
FOO1lb V003 Title [text]  Title of document
FOOlc V004 Sourcereference [text] Note journalemort, etc.
FO01d V005 Publicationdate [year] Year published
FO02 V006 Literature-type [#]  1=journal; 2=book or book chapter; 3=gov't age
or university report; 4=consulting report; 5=MS
thesis; 6=PhD dissertation; 7=working paper;
8=proceedings paper; 9=web-report
FO03 V009 Primary [#] 1=Introduce efficient estimator; 2=introduce
contribution efficiency in survey instruments (e.g., bid desigmn)
3=test of validity/reliability of method (e.g., lsia
protests and other treatments of the data); 4=New
estimate of value
FO04 V010 Multiple estimateg#] 1=multiple estimates reported; 2=single estienat|
provided; 3=multiple estimates provided in the
study but only one for fishing
STUDY LOCATION
FOO5 V011 Country [#] 1=USA; 2=Canada
FO0O6 V012 State [text]  State or province name éibt
FO0O7 VO012a Ecoregion [#] 1=Pacific Northwest Marine (Washingt®regon,

and California); 2=Desert Southwest (Californial
Arizona, New Mexico and Texas); 3=Gret Basirn
Steppe (Nevada, Oregon and Idaho); 4=Rocky
Mountains (Colorado, Wyoming, Montana, and
New Mexico); 5=Midwest Prairie and Steppe
(North Dakota, South Dakota, Minnesota, lowa,
lllinois, Nebraska, Missouri, Kansas, Oklahoma
and Texas); 6=0zark and Ouchita Mountains
(Arkansas); 7=Northeast and Great Lakes
(Wisconsin, lllinois, Indiana, Ohio, Michigan,
kentucky, Tennessee, West Virginia, and
Pennsylvania; 8=Southeast Subtropical and
Southern Florida (Mississippi, Louisiana, Alabaima,
Georgia, Florida, South Carolina, North Carolina
and Virginia); 9=Appalachian Mountains
(Maryland, West Virginia, Virginia, North Carolin
South Carolina, Tennessee, Georgia, and Alabg
10=New England and Warm Continental (Maineg
New Hampshire, Vermont, New York, Connecti
Rhode Island, New Jersey, and Pennsylvania); [11=
Pacific archipelago; 12=Akka; 13= Hudson plaif
14=Boreal plains; 15= Montane Cordillera;
16=Atlantic maritime; 17=Taiga
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FO0O8 V048 Geographic [#] 1=National; 2= ecoregional/multistate; 3=state;

location 4=county; 5=multi-county; 6=multi-site; 7=single
(aggregation) site; 8=sub-site; 9=other
FO09 V013 County [text] County name (list all)

FO10 V014 Water-body namdtext] Water body name (list all)

FISHING ACTIVITY

FO11 VO020a Fishing Type [#] 1=Freshwater Fishing; 2=Saltwater Fishing; 3=k
or unspecified

FO12 V021 Fishing Species [#] 1=big game; 2=smatigia3=flatfish; 4=other
saltwater; 5=salmon; 6=steelhead trout;
7=walleye/pike; 8=bass, 9=panfish, 10=rainbow
trout and other trout; 11= other freshwater (smejt)

FO013 Fishing mode [#] 1=shore/pier fishing; 2wpte and charter boat
fishing; 3=fly fishing, artificial lures, bait; 4ice
fishing; 5= surf fishing

SITE CHARACTERISTICS

F014 V032 Site quality [#] 1=high; 2=moderate; 3&jal=not reported by
author
FO15 Water-body type [#] 1=marine, open oceasiary/bay; 3=lake, por

reservoir; 4=great lakes, 5=river and stream; 6 3
others (wetland)

FOl1l6a Catch rate [#] Catch rate for the species valued
FO16b Number of fish [#] Number of fish caught
caught per trip
FO17 V035 Size of site (length[#] In acres, if listed or miles length
of coastline)
F018 Population density [#]
at site
FO019 Availability of [#] 1=yes; 0 =no
facilities
(parking,bathroom,
food, etc.)
F020 Fishing regulation  [#] 1=fishing only; 2= catch lisy 3 = catch and
release; 4= catch-and-keep
F021 V026 Site change [#] 1=change in site condition evaluated in paper;
evaluated 2=only access value at existing conditions eval)
in paper

F022 V027 Marginal change [#] 1=marginal changdpfs change

F023 V029 Site change percelio] Percentage of site change being evaluated

F024 V030 Change descriptiotitext] Briefly describe the change being evaluated
including the exact baseline and scenario features
(catch rates, fees, etc.)

F025 V033 Number of site [#] Number of sites being evaluated

FO026 V036 Site characteristics [#] 1=site charasties included (e.g., size, amenities,
environ quality, facilities) 2=not included in mdde

F027 V037 Number of site [#] Number of site characteristics included in mlode

characteristics

F028 V038 Source of site info  [#] 1=gathered indefmntly; 2=gathered as part of

survey (respondent perceptions)
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TRIP-SPECIFIC
F029 Mode [#] 1=shore-based; 2=residential bawps and docks;
3= publicly owned and commercially available boat
ramps and moorage
FO30 V057 On-site time [#] Average hours reportddn-site activities
FO31 V034 Total site visits [#] Total number ofesitisits
F032 Angler [$] fishing expenditure data per trip
expenditures/trip
FO33 V112 Trip type [#] 1= private trip; 2=chartdrer guided trip; 3= both
F034 V113 Trip length [#] 1=day trip; 2=overnighipt 3=combined day and
overnight trips
F035 V114 Group size [#] Number of people per gro
F036 V115 Average trips [#] Average number of tijy@s person; per group; pet
season; or per year
FO037 V116 Days per trip [#] Average days per trip
ANGLER-SPECIFIC CHARACTERISTICS
F038 V052 Visitor type [#] 1=Resident; 2=Non-resite 3=both; 4=special

interest group (clubs); 5=other specifically taegkt
sub-population
F039 V053 Sample summary[#] 1=Yes (sociodemographics, attitudes, etc.); @=N
statistics provided

F039a Income [#] Kk 20k; 2 = 20k< 40k; 3 = 40k< 60k; 4 = 60k80k;
5=80k<100k; 6> 100k

FO39b Education [#] Years of education

F039c Age [#]  Average age of respondents

F039d Gender [%] % male

F039e Race [%0] % white

FO39f Experience [#]  Number of years of fisng experience

SURVEY CHARACTERISTICS

F040 V049 Data source [#] 1=Primary data; 2=Secondata

F041 V050 Survey type [#] 1=Mail; 2=In-person intiew; 3=Phone; 4=Web-
based; 5=Mixed modes; 6=other

F042 V051 Datayear [#] Year data was collected

F043 V054 Response rate [%0] Reported responsé1@®86=1.00)
F044 V055 Number of survey [#] Number of surveys return
returned
F045 V056 Sample frame [#] 1=0n-site; 2=User BstGeneral pop’n; 4=other

VALUATION METHOD

F046 V058 Valuation [#] 1=Stated Preference; 2=Revealed Preference; 3F
methodology Combined RP/SP

F047 V059 Regression Modef#] 1=Yes; 2=No
Provided

F048 V060 Sample Size [#] Sample size for regrassiodel

STATED PREFERENCE CHARACTERISTICS
F049 V061 Elicitation method [#] 1=Open-ended; 2ectaitomous Choice; 3=Iterativ
Bidding; 4=Payment Card; 5=Double or Multiple
Bounded; 6=Stated Choice (aka Conjoint, Choice
Experiment, Attribute-Based)

(1]
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FO50 V062 Payment vehicle [#] 1=Trip Cost; 2=AccEssg; 3=Annual Pass;
4=Taxes; 5=Donations; 6=Other

FO51 V063 Payment type [#] 1=0One-off; 2=Per uséirgzual in perpetuity;
4=Annual fixed period; 5=Other

FO52 V064 Dichotomous [#] (iff Elicitation Method =2) 1=Probit; 2=Logit;

choice model form 3=Nonparametric; 4=Semi-nonparametric; 5=Other
FO53 V065 Operinded Mode [#] (iff Elicitation Method = 1) 1=0LS; 2=2SLS;
Form 3=Tobit; 4=0Other
FO54 V066 Payment Card [#] (iff Elicitation Method = 4) 1=0LS; 2=Grouped
Model Form Tobit (Cameron/Huppert Function); 3=Other
FO55 V067 SP Truncated [#] 1=Yes (upper limit); 2=N

FO56 V068 No Negative D¢ [#] 1=no negative WTP allowed (InBid or
1/B.*In(1+€®%); 2=negative values allowed

FO57 V069 SP Outliers [#] 1=Outliers removed; 2=mrhoved

FO58 V070 SP Censoring [#] 1=Regression censoremhtXensored

FO59 V071 SP Censor Point [#] Censor point (etd), 4, etc.)

FO60 V072 SP Substitutes [#] 1=mentioned or treated substitutes in price ority
2=no substitutes information

F0O61 V073 Protests [#] 1=Protests removed; 2=Piotes to $0; 3=Protes}s

set at mean$; 4=Protests included but not set at $0
$mean;5=don't know

F062 V074 Bias Testing [#] 1=study investigated bias (anchoring, framing); @
bias testing

F063 V075 Choice Set [#] Number of choice sets in stated choice m

REVEALED PREFERENCE CHARACTERISTICS

F064 V076 RP Type [#] 1=Zonal TCM; 2=Individual T¢BE=Hedonic
TCM; 4=RUM

FO65 V077 Zones [#] Number of zones included in Zonal T(

FO66 V078 Sites [#] 1=Single site model; 2=Multigie= model

FO67 V079 Model Sites [#] Number of sites included in mi-site/RUM model

F068 V080 Demand System [#] 1=Continuous demanigy<=Discrete choice
RUM; 3=Kuhn-Tucker RUM; 4=other

F069 V081 Participation [#] 1=participation is modeled; 2=participatiomist
Modeled modeled
FO70 V082 Choice Aspects [#] 1=site; 2=mode; 3=Fmd=0n-site time; 5=othe
(list )
FO71 V083 Choice Set [#] 1=distance-based; 2=familiarity-based;
Specification 3=endogenously determined; 4=other

FO72 V084 Equation Type [#] 1=0L3:=2SLS; 3=Tobit; 4=Count Data (Poisso
Negative Binomial); 5=Multinomial Logit/Probi
6=Nested Logit; 7=Mixed Logit (random
parameters); 8=Kuhn-Tucker; 9=other

FO73 V085 Functional Form [#] 1=Linear-linear; 25g-bnear; 3=Linear-log; 4=Log
log (for Q, P relationship)

FO74 V086 RP Substitutes [#] 1=mentioned or treated substitutes in price ority
2=no substitutes information

FO75 V087 Substitute Price [#] 1=Substitute prindex or variable included in
regression; 2=not included

FO76 V088 RP Truncation [#] 1=0Observations trungags=not truncated
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FO77 V089 Endogenous [#] 1=Corrected for endog strat; 2=not corrected
Stratification

FO78 V090 Cost/Mile Used [$] Cost per mile used

FO79 V091 Other Cost [#] 1=0ther costs besides timokeided in travel cost
variable; 2=Not included

FO80 V092 Time Variable [#] 1=Separate time vaafpiot in $) included in
regression; 2=Not included

FO81 V093 Time Cost [#] 1=Opportunity cost of tinged in price variable;
2=Used separately in regression; 3=Not used

F082 V094 Opp Cost Time [#] 1=Wage rate; 2=Selbrégd; 3=0ther;
4=Unknown

F083 V095 Wage Rate [%] Percent of wage rate used

F084 V096 Cost Type [#] 1=Per person; 2=Per group

FO85 V097 Value Truncated [#] 1=Integration truecb@ max TC; 2=not truncated

F086 V098 RP Outliers [#] 1=Outliers removed; 2=Kahoved; 3=Don't
know

FO87 V099 RP Censoring [#] 1=regression censoredo®censored

F088 V100 RP Censor Point [#] Censor point (e.drip3, 1 trip, etc.)

FO89 V101 Single Destinatior#] 1=Single destination trips only; 2=Single and
multiple destination trips; 3=don't know

FO90 V102 Primary Purpose  [#] 1=0Only used respotsd&ho are primary purpos
visitors; 2=explicitly mentions multiple purpose
trips included; 3=don't know

BENEFIT MEASURE

F091 V104 Estimate Type [#] 1=CV (compensatingatéon); 2=EV (equivalent
variation); 3=CoS (compensating surplus); 4=E$
(equivalent surplus); 5=CS (consumers surplus

F092 V105 Favored Estimate [#] 1=estimate favonedithor; 2="best’ estimate
provided; 3=estimate based on relatively ‘bad’
model

F093 V106 Central Tendency#] 1=Mean value reported; 2=Median value reporte

F094 V107 CS-current [$] Benefit estimate (use medne when available)

F095 V118 Value Year [year] Year of reported value

F096 V108 CS-std error [#] Standard error of C$ese

F097 V109 Cl-measured [#] 1=directly from estimaié€S; 2=bootstrapped
from VarCov of regression; 3=0Other; 4=Not
reported

F098 V110 Cl-range [#] Range in confidence intefealmean estimate
reported

F099 V111 Unit [#] 1=Per person per day; 2=Per grper day; 3=Per
person per trip; 4=Per group per trip; 5=Per per
per season; 6=Per group per season; 7=Per pe
per year; 8=Per group per year

F100 V117 Fishing effort [#] Season length in days

STANDARDIZED CS ESTIMATES

F101 CSO01 CPIfactor [#] CPI conversion factor, 20ase year

F102 CS02 CS real [#] CS in real tems (CS_curr@ml/factor)

F103 CS03 CS_day [#] CS in real terms and commds (yer person pe

L

day)
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F104 CS04 Unit conversion  [#] 1=values convertegeapperson per day from
original units; O=not converted (i.e., reported as
CS/person/day)
REGRESSION PARAMETERS
F105 RO01 Price Coefficient [#] Estimated coefficient on travel cost variable
F106 RO002 Price-Standard [#]
Error Standard error of Price Coefficient
F107 RO03 Price Elasticity [#] Own price elastiaifydemand
F108 RO004 Elasticity [#] 1=elasticity calculated; O=reported by authors
Calculated
F109 RO005 [#] 1=price measured in $$; O=measured in miles
Price in Dollars (distance)
F110 RO06 Bid Coefficient [#] Estimated coefficient on bid in CVM
F111 ROO7 Bid-Standard [#]
Error Standard error of Bid Coefficient
F112 RO08 Comments #2 - [text]
regarding

regression model




APPENDIX B: SELECT CHARACTERISTICS OF RECREATIONAL ANGLING VALUATION STUDIES USED IN
THE META-ANALYSES.

Author and year Number of Aggregation State(s) Study Methodology CSin 2006 $, per Fishing type
observation level (Elicitation method or RP person per day (Species)

type)

Kalter and Gosse, 1969 1 State NY Revealed Preferen $37.68 Freshwater
Individual TCM

Beardsley, 1970 2 Single-site CcoO Revealed preferenc  $6.62 Freshwater (trout)
Zonal TCM
Stated Preference, $6.87 Freshwater (trout)
iterative bidding

Martin, Gum, and Smith, 13 Multi-site AZ Revealed Preference, $9.32 to $35.77 Freshwater (trout)

1974 Zonal TCM

$14.51 to $129.56 Freshwater (bass,
catfish)

Sublette and Martin, 1975 2 Single-site AZ Reve#&teeference, $57.78 to $64.35 Freshwater (trout)
Individual TCM

Hansen, 1977 5 State ID, NV, Stated Preference, open- $56.49 to $105.15 Freshwater

UT, WYy ended

Michalson,1977 4 Single-site ID Revealed Preference  $15.11 to $85.00 Freshwater (salmon,
Individual TCM steelhead trout)

Charbonneau and Hay, 12 National USA Stated Preference, open-$55.93 to $190.16 Freshwater

1978 ended

$59.66 to $272.19 Saltwater

Ziemer and Musser, 1978 1 State GA Revealed Prefere $121.50 Freshwater
Individual TCM

Brown and Plummer, 1979 2 Single-site WA, OR Res@dtreference, $66.98 to $119.87 Freshwater
Zonal TCM

McConnell,1979 1 State RI Revealed Preference, $99.09 Saltwater (winter
Individual TCM flounder)

King and Walka, 1980 1 Multi-state AZ Revealed Brefce, $13.71 Freshwater (trout)
Individual TCM

Walsh, et al., 1980 1 Multi-site CcoO Stated Prefeegopen-  $32.40 Freshwater (trout)

ended
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Author and year Number of Aggregation State(s) Study Methodology CSin 2006 $, per Fishing type
observation level (Elicitation method or RP person per day (Species)
type)
Ziemer, Musser, and Hill, 3 State GA Revealed Preference,  $26.96 to $104.23 Freshwater
1980 Individual TCM
Daubert and Young, 1981 2 Single-site CO StateteRmece, $87.87 to $152.79 Freshwater (trout)
iterative bidding
Steinnes and Raab, 1981 5 Single-site MN Reveaiefefence, $1.17 to $5.86 Freshwater (smelt)
Zonal TCM
AZ $11.28 to $311.80 Freshwater
ME $21.34 to $73.03 Freshwater
TN $31.65 to $176.76 Freshwater
Walsh and Olienyk, 1981 1 Multi-site CcOo Stated Brefce, $21.76 Freshwater
iterative bidding
Bell, 1982 10 Multi- FL Stated preference, open- $41.86 to $127.97 Saltwater (snapper,
county ended sea trout, grouper,
catfish)
Kealy,1982 3 Single-site Wi Revealed Preference, $70.43 to $97.72 Freshwater (salmon,
RUM trout)
Martin, Bollman, and 2 Single-site AZ, NV Revealed Preference, $42.67 to $63.70 Freshwater
Gum, 1982 Individual TCM (largemouth bass)
Sutherland, 1982 4 Single-site MT Revealed Preferen $10.84 to $13.11 Freshwater (trout)
Zonal TCM
Vaughan and Russell, 4 National USA Revealed Preference,  $30.28 to $53.85 Freshwater (trout)
1982 Zonal TCM
$19.34 to $34.48 Freshwater (catfish)
Weithman and Haas, 1982 1 Single-site MO Revealetefence, $24.34 Freshwater (rainbow
Zonal TCM trout)
Adamowicz and Phillips, 3 State AB Stated Preference, open-$46.31 Freshwater
1983 ended
Revealed Preference, $6.92 to $13.84 Freshwater
Individual TCM
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Author and year Number of Aggregation State(s) Study Methodology CSin 2006 $, per Fishing type
observation level (Elicitation method or RP person per day (Species)
type)
Harris, 1983 4 Single-site CcoO Revealed Preference, $24.79 to $33.92 Freshwater
Zonal TCM
Menz and Wilton, 1983a 15 Multi-site NY Reveale@ference, $54.40 to $176.10 Freshwater (bass)
Individual TCM
Menz and Wilton, 1983b 9 Multi-site NY Revealed ference, $29.72 to $147.58 Freshwater
Individual TCM (muskellunge)
Miller, 1983 51 Multi- ID Revealed Preference, $24.34 to $176.76 Freshwater
county Individual TCM
MN $31.65 to $390.45 Freshwater
Palm and Malvestuto, 4 Single-site AL, GA Revealed Preference,  $15.09 to $74.49 Freshwater (bass,
1983 Zonal TCM crappie)
Snyder, 1983 3 Multi-site CT, MA, Revealed Preference, $101.66 to $138.22 Freshwater (bass)
RI, NJ, Individual TCM
NY, MD,
VA
Strong, 1983 3 State OR Revealed Preference, $31.29 to $45.93 Freshwater
Zonal TCM (steelhead)
Stated Preference, open- $15.65 to 21.40 Freshwater
ended
Agnello and Anderson, 3 National USA Revealed Preference,  $9.19 Saltwater (bluefish)
1984 Individual TCM $31.44 Saltwater (flounder)
$9.14 Saltwater (weakfish)
Dutta, 1984 24 Single-site OH Revealed Preference, $5.15 to $46.78 Freshwater
Individual TCM (walleye, white
bass, yellow perch)
Green, 1984 4 State FL Revealed Preference, $41.89 to $258.13 Saltwater (snapper)
Individual TCM
Miller and Hay, 1984 5 Multi- ID, MN, Revealed Preference, $31.65 to $87.64 Freshwater
county AZ, ME, Individual TCM
TN
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Author and year Number of Aggregation State(s) Study Methodology CSin 2006 $, per Fishing type
observation level (Elicitation method or RP person per day (Species)
type)
Donnelly, et al., 1985 4 State ID Revealed Prefegen $21.20 to $29.71 Freshwater
Zonal TCM (steelhead)
Stated Preference, $39.76 to $42.18 Freshwater
iterative bidding (steelhead)
Hsiao, 1985 6 Multi-site OR Revealed Preference, $28.20 to $287.33 Freshwater (salmon)
Zonal TCM
King and Hof, 1985 1 Single-site AZ Revealed Prefee, $62.64 Freshwater (trout)
Zonal TCM
Mullen and Menz, 1985 3 Single-site NY Revealeeférence, $44.67 to $79.08 Freshwater (bass,
Zonal TCM trout)
Richards, Wood, and 2 Single-site AZ Revealed Preference,  $75.39 to $105.60 Freshwater (brook
Caylor, 1985 Zonal TCM and rainbow trout)
Roberts, Thompson, and 1 Single-site LA Stated Preference, $61.61 Saltwater
Pawlyk, 1985 iterative bidding
Rowe, et al., 1985 3 State CA, OR, Revealed Preference, $106.16 to $133.57 Saltwater
WA RUM
Sample and Bishop, 1985 11 Sub-site Wi Revealeftferece, $0.71 to $41.63 Freshwater (trout,
Zonal TCM salmon)
Violette, 1985 21 Single-site NY Revealed Prefeegnc $34.75 to $79.16 Freshwater
Individual TCM
Arndorfer and Bockstael, 1 Single-site FL Revealed Preference,  $990.22 Saltwater (king
1986 Individual TCM mackerel)
Brown and Shalloof, 1986 8 State OR, WA Revealexidrence, $21.24 to $56.96 Freshwater (salmon)
Zonal TCM
$57.92 Freshwater
(Steelhead)
Huang, 1986 44 Single-site MN Revealed Preference, $4.51 to $55.01 Freshwater
Individual TCM
Kealy and Bishop, 1986 3 Single-site MI Revealegférence, $60.12 to $226.20 Freshwater
Zonal TCM
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Author and year Number of Aggregation State(s) Study Methodology CSin 2006 $, per Fishing type
observation level (Elicitation method or RP person per day (Species)

type)

Sorg and Loomis, 1986 6 State ID Revealed Prefetenc  $29.71 to $54.80 Freshwater
Zonal TCM
Stated Preference, $24.99 to $42.18 Freshwater
iterative bidding

Wegge, Hanemann, and 18 Multi-site CA Revealed Preference, $44.31 to $533.72 Saltwater (Pacific

Strand, 1986

Individual TCM

Stated Preference,
iterative bidding

$24.65 to $108.76

mackerel, rockfish,
kelp bass)

Saltwater (Pacific
mackerel, rockfish,
kelp bass)

Bishop et al., 1987 2 Single-site AZ Stated Prefeee $57.03 to $71.28 Freshwater (trout)
dichotomous choice

Brown and Hay, 1987 46 State AL to WY  Stated Pegfee, open- $17.04 to $68.17 Freshwater (trout)
ended

Cameron and James, 1987 1 State BC Stated Preferenc $94.28 Freshwater (chinook
dichotomous choice and coho salmon)

Duffield, Loomis, and 4 State MT Revealed Preference,  $60.55 to 184.23 Freshwater (trout)

Brooks, 1987 Zonal TCM

Johnson and Walsh, 1987 1 Single-site CcoO Stateférieree, $34.36 Freshwater (salmon,
iterative bidding trout)

Oster et al., 1987 2 Single-site WY Revealed Pesiee, $16.15 to $19.53 Freshwater (lake
Zonal TCM trout)

Talhelm, Hanna, and 1 Multi-site ON Revealed Preference, $49.17 Freshwater(lake

Victor, 1987 Zonal TCM trout)

Abdullah, 1988 2 Multi-site OR Revealed Preference, $44.36 to $66.80 Freshwater (salmon)
Zonal TCM

Duffield and Allen, 1988 2 Multi-site MT Statedgference, $147.30 Freshwater (trout)
dichotomous choice
Stated preference, open- $46.23 Freshwater (trout)

ended
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Author and year

Number of Aggregation
observations level

State(s)

Study Methodology CSin 2006 $, per
(Elicitation method or RP person per day

type)

Fishing type
(Species)

Hay, 1988 48 State AL to WY Stated Preference, open$13.05 to $44.74 Freshwater (bass)
ended
Hushak, Winslow, and 9 Single-site OH Revealed Preference, $5.47 to $11.48 Freshwater
Dutta, 1988 Zonal TCM (walleye)
$5.16 to $8.72 Freshwater (yellow
perch)
$0.48 to $1.21 Freshwater
(walleye, yellow
perch, white bass)
Milon, 1988 4 Single-site FL Revealed Preference, $3.36 to $38.05 Saltwater
Individual TCM
Smith and Palmquist, 2 Multi-site NC Revealed preference, $85.86 to $269.55 Saltwater (Croaker,
1988 zonal TCM weakfish, spot)
Boyle, 1989 3 Multi-site Wi Stated Preference, epen $17.25 to $20.11 Freshwater (brown
ended trout)
Bowes and Krutilla, 1989 1 EcoregionalNH, ME Revealed Preference, $10.60 Freshwater
multi-state Zonal TCM
Hanemann, Wegge, and 2 State CA Revealed Preference,  $5.80 to $105.51 Saltwater
Strand, 1989 Individual TCM
Huppert, 1989 3 Single-site CA Revealed Preference, $111.65 to $541.77 Freshwater (chinook
Individual TCM salmon, striped
bass)
Platt, 1989 1 Sub-site FL Revealed Preference, $95.33 Saltwater (grouper)
Individual TCM
Bockstael et al., 1990 4 State MD Revealed Preferen $12.49 to $139.40 Freshwater (striped
Individual TCM bass)
Cooper and Loomis, 1990 5 Single-site CA Reveatedeience, $42.64 to $52.90 Freshwater
Zonal TCM
Duffield et al., 1990 8 Multi-state MT Stated Prefiece, $64.55 to $312.71 Freshwater

dichotomous choice

I9T



Author and year Number of Aggregation State(s) Study Methodology CSin 2006 $, per Fishing type
observation level (Elicitation method or RP person per day (Species)
type)
McCollum, et al., 1990 10 EcoregionallUS States  Revealed Preference, $13.67 to $44.07 Freshwater
multi-state Zonal TCM
Bergstrom and Cordell, 4 National USA Revealed Preference,  $22.13 to $41.62 Freshwater
1991 Zonal TCM
$46.79 Saltwater
Boyle et al., 1991 2 Single-site ME Stated Prafeeeopen-  $13.95 to $14.44 Freshwater (Salmon,
ended bass, trout, shad,
smelt)
Boyle, et al., , 1991 11 State ME Stated Preferempen-  $22.37 to $57.71 Freshwater
ended
$3.90 Freshwater (bass)
$6.20 to $7.34 Saltwater (bluefish)
$2.41 t0%$3.44 Saltwater (mackerel)
$3.90 to $4.93 Saltwater (cod,
flounder, pollock)
Brooks, 1991 2 State MT Stated Preference, $127.48 Freshwater
dichotomous choice
Connelly and Brown, 1991 1 State NY Stated Prefareapen-  $23.20 Freshwater (trout)
ended
Jones and Stokes 16 Single-site AK Revealed Preference,  $55.96 to $328.96 Both (salmon,
Associates, Inc., 1991 RUM steelhead, trout,
halibut, rockfish)
Duffield, Neher, and 6 Single-site MT Stated Preference, $79.02 to $420.57 Freshwater (trout)
Brown, 1992 dichotomous choice
Adler, 1993 2 Single-site wy Revealed Preference, $10.57 to $10.81 Freshwater (trout)
Individual TCM
Agnello and Han, 1993 3 Multi-site NY Revealed Preference, $35.14 to $42.92 Saltwater
Individual TCM
Choi, 1993 9 Single-site OK Revealed Preference, $44.09 to $117.05 Freshwater (trout)
Individual TCM
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Author and year Number of Aggregation State(s) Study Methodology CSin 2006 $, per Fishing type
observations level (Elicitation method or RP person per day (Species)
type)
Englin and Cameron, 1993 11 State NV Combined RPSih $92.46 to $458.29 Freshwater
Harpman, Sparling, and 1 Single-site Cco Stated Preference, $47.00 Freshwater (trout)
Waddle, 1993 dichotomous choice
Lyke, 1993 3 Multi-site Wi Revealed Preference, $61.91 Freshwater (trout,
Zonal TCM salmon)
Stated preference, $39.22 to $49.04 Freshwater (trout,
dichotomous choice salmon)
Morey, Rowe and Watson, 1 Multi-site ME Revealed Preference, $42.46 Freshwater (salmon)
1993 RUM
Shafer, et al., 1993 2 Single-site PA RevealedePeate, $27.30t0 $ 75.46 Freshwater (trout)
Individual TCM
Taccogna, 1993 2 Single-site BC Revealed Preference $0.77 to $2.82 Freshwater
Zonal TCM
Whitehead, 1993 1 National NC Revealed Preference, $20.62 Freshwater
Individual TCM
Adamowicz, Louviere, and 3 Single-site AB Stated Preference, stated$8.75 Freshwater
Williams, 1994 choice (mountain whitefish,
rainbow and brown
trout)
Revealed Preference, $2.14 Freshwater
RUM (mountain whitefish,
rainbow and brown
trout)
Combined RP and SP $2.15 Freshwater
(mountain whitefish,
rainbow and brown
trout)
Green, Moss, and 1 Ecoregional/ FL, AL, Revealed Preference, $994.93 Saltwater (grouper
Thunberg, 1994 multi-state LA, MS, Individual TCM and snapper)
TX
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Author and year Number of Aggregation State(s) Study Methodology CSin 2006 $, per Fishing type
observation level (Elicitation method or RP person per day (Species)
type)
McConnell et al., 1994 2 EcoregionalNY, NJ, Stated Preference, $65.40 to 132.99 Saltwater
multi-state DE, MD,  dichotomous choice
VA, NC,
SC, GA,
FL
Waddington, Boyle and 44 State AL to WI  Stated Preference, $7.36 to $69.22 Freshwater (bass)
Cooper, 1994 dichotomous choice $194.41 to $22.09 Freshwater (trout)
Wilemon, Riechers, and 2 Single-site TX Revealed preference,  $113.55 to $126.83 Saltwater
Ditton, 1994 zonal TCM
Englin and Lambert, 1995 6 EcoregionalNY, NH, Revealed Preference, $46.00 to $57.92 Freshwater
multi-state VT, ME Individual TCM (rainbow, brown,
and brook trout)
Englin and Shonkwiler, 3 Single-site NY, VT Revealed Preference, $18.12 to $35.06 Freshwater
1995 Individual TCM
Hausman, Leonard, and 2 Multi-site AK Revealed Preference, $85.18 to $105.94 Saltwater
McFadden, 1995 RUM
Siderelis, Brothers, and 1 Multi-site NC Revealed Preference, $7.74 Freshwater
Rea, 1995 RUM
Shonkwiler, 1995 3 Single-site NV Revealed Prefeegn $16.31 to $25.53 Freshwater
Individual TCM
Hunt and Ditton, 1996 4 Single-site TX Stated prefiee, open-  $39.71 to $51.05 Freshwater
ended (largemouth bass,
crappie, catfish)
Layman, Boyce and 16 Single-site AK Combined RP and SP $20.73 to4EB4. Freshwater
Criddle, 1996 (Chinook salmon)
Englin, Lambert, and 1 Ecoregional/ NY, NH, Revealed Preference, $28.22 Freshwater
Shaw, 1997 multi-state VT, ME RUM
Greene, Moss, and Spreen, 2 Multi-site FL Revealed Preference, $4.53 to $9.87 Saltwater (Snook,
1997 RUM redfish, trout, and

grouper)
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Author and year Number of Aggregation State(s) Study Methodology CSin 2006 $, per Fishing type
observation level (Elicitation method or RP person per day (Species)
type)
Leeworthy and Bowker, 2 County FL Revealed Preference,  $98.45 to $127.13 Saltwater
1997 Individual TCM
Wellman and Noble, 1997 1 Single-site TX RevealszfdPence, $474.77 Saltwater
Individual TCM
Bhat et al., 1998 2 Ecoregional/CO,WY, Revealed Preference, $29.98 to $36.75 Freshwater
multi-state MD,WV Individual TCM
Boyle, Roach, and 18 Ecoregional/ US States  Stated Preference, $2.56 to $48.58 Freshwater (trout)
Waddington, 1998 multi-state dichotomous choice
$3.84 to $30.68 Freshwater (bass)
$12.79 to $134.24 Freshwater (bass
and trout)
Ditton and Sutton, 1998 2 Single-site TX Statedgrence, $0.90 to $0.95 Freshwater (black
dichotomous choice bass)
Ditton,Bohnsack, and Stoll 3 NC Stated preferenpen-  $139.57 to $285.26 Saltwater (blue fin
ended tuna)
Douglas and Taylor, 1998 5 Single-site CA Reve&legference, $10.78 to $12.66 Freshwater (salmon,
Individual TCM steelhead)
Stated Preference, open- $1.74 Freshwater (salmon,
ended steelhead)
Piper, 1998 1 Multi-site ND Revealed Preference, $41.55 Freshwater
Individual TCM
Henderson, Criddle, and 2 Single-site AK Revealed Preference,  $26.20 to $29.26 Freshwater
Lee, 1999 Zonal TCM (Chinook, sockeye,
and coho salmon)
Hushak, Kelch, and Glenn, 4 County OH Revealed Preference,  $13.08 to $22.59 Freshwater (Yellow
1999 Individual TCM perch, walleye)
Breffle and Morey, 2000 5 Single-site ME Revealedféence, $32.42 to $149.61 Freshwater (Atlantic
RUM salmon)
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Author and year Number of Aggregation State(s) Study Methodology CSin 2006 $, per Fishing type
observation level (Elicitation method or RP person per day (Species)
type)
Federal-Provincial- 11 State NFto YT  Stated preference, $5.16 to $11.44 Freshwater
Territorial Task Force on payment card
the Importance of Nature
to Canadians, 2000
Nowell and Kerkvliet, 1 Single-site ID Revealed Preference, $203.68 Freshwater (trout)
2000 Individual TCM
Whitehead and Aiken, 6 State USA Stated preference, $31.40 to $40.02 Freshwater (bass)

2000

Ecoregional/ USA

dichotomous choice

$15.53 to $17.41

multi-state
Whitehead and Haab, 2000 Multi- AL, FL, Revealed Preference, $0.22 to $9.65 Saltwater
county GA, IA, RUM
MS, NC,
SC

Duffield et al., 2001 5 Multi-site AK Stated preéerce, $126.74 to $484.23 Freshwater (arctic
dichotomous choice grayling)
5 Single-site $44.50 to $90.43 Freshwater (@minb
trout)
Single-site $61.44 Freshwater
(northern pike)
5 Multi-site $85.34 to $622.25 Freshwater (saijno
Johns et al., 2001 Multi- FL Stated Preference, $3.46 to $9.89 Saltwater
county dichotomous choice
Thomas and Stratis, 2001 Single-site FL Statetepence $1.37 to $14.71 Freshwater
$13.98 to $82.52 Saltwater

Upneja et al., 2001 State PA Revealed Preference, $149.57 Freshwater (trout)
Individual TCM
Woodward et al., 2001 EcoregionalFL, AL, Revealed Preference, $167.90 Saltwater (red
multi-state LA, MS, Individual TCM shapper)
TX
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Author and year Number of Aggregation State(s) Study Methodology CSin 2006 $, per Fishing type
observation level (Elicitation method or RP person per day (Species)
type)
Johnston et al., 2002 1 County NY Revealed Preferen $52.98 Saltwater
Individual TCM
Morey et al., 2002 2 Multi-site MT Revealed Prefere, $9.02 to $20.26 Freshwater (trout)
RUM
Aiken and la Rouche, 2003 74 State AL to VA  StaRedference, open- $22.65 to $244.66 Freshwater (bass)
ended
AK to $32.85 to $208.42 Freshwater (trout)
Wy
Ml to WI $29.45 to $91.75 Freshwater
(walleye)
Gillig et al., 2003 3 Ecoregional/ FL, AL, Revealed Preference, $14.51 Saltwater (red
multi-state LA, MS, Individual TCM shapper)
TX
Stated preference, open- $5.71
ended
Combined RP and SP $21.36
Harding, Thomas, and 1 Single-site FL Revealed Preference,  $100.58 Freshwater
Stratis, 2003 Individual TCM
Williams and Bettoli, 2003 16 Single-site TN Rewazhpreference, $8.56 to $20.85 Freshwater (trout)
zonal TCM
Stated preference, $49.24 to $106.81
dichotomous choice
Bergstrom, Dorfman, and 3 State LA Combined RP and SP $37.00 to $71.09 hixaer (redfish
Loomis, 2004 and speckled trout)
Bennett, Provencher, and 4 Multi-site Wi Combined RP and SP $110.34 to $019. Freshwater
Bishop, 2004 (Steelhead, chinook
or coho salmon,
brown trout)
Bowker, Bergstrom and 2 Single-site VA Revealed Preference,  $12.79 to $27.52 Freshwater
Gill, 2004 Individual TCM
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Author and year Number of Aggregation State(s) Study Methodology CSin 2006 $, per Fishing type
observation level (Elicitation method or RP person per day (Species)
type)
Cantrell et al., 2004 1 State HI Stated prefereapen-  $9.57 Saltwater (pacific
ended threadfin)
Schuhmann and Schwabe, 2 Single-site NC Revealed Preference, $22.37 to $26.19 Freshwater (bass)
2004 RUM
Chizinski et al., 2005 4 Single-site TX Revealedference, $69.09 to $138.19 Freshwater (channel
Individual TCM catfish, largemouth
bass, spotted bass,
striped bass, white
bass, white crappies)
Loomis, 2005 32 Single-site ID Revealed Preference, $15.79 to $91.54 Freshwater (trout)
Individual TCM
Stated Preference, $38.30 to $111.40 Freshwater (trout)
dichotomous choice
wy Revealed Preference, $47.45 to $132.09 Freshwater (trout)
Individual TCM
Stated Preference, $57.25 to $158.54 Freshwater (trout)
dichotomous choice
Revealed Preference, $132.99 Saltwater
RUM
Oh et al., 2005 1 Single-site TX Revealed Prefegen $242.27 Freshwater
Individual TCM (largemouth bass,
crappie, catfish)
Rosenberger, Collins, and 1 Single-site WV Stated preference, $5.13 Freshwater (trout)
Svetlik, 2005 payment card
Haab, Hicks, and 4 State WA, OR Revealed Preference, $27.56 to $65.06 Saltwater
Whitehead, 2006 CA RUM $98.91 to $241.16
Loomis, 2006 6 Single-site wy Stated preference, $9.35 to $20.46 Freshwater (trout)

dichotomous choice
Revealed Preference,
Individual TCM

$8.66 to $139.88

Freshwater (trout)
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Author and year Number of Aggregation State(s)

observation: level

Study Methodology CSin 2006 $, per
(Elicitation method or RP person per day

type)

Fishing type
(Species)

Stoll and Ditton, 2006 6 Single-site NC Stated erefice, open- $207.37 to $388.40 Saltwater (Atlantic

ended blue fin tuna)
Williams and Bowman, 7 Single-site AR Stated preference, $22.93 to $39.01 Freshwater (trout)
2006 iterative bidding

Note:? Converted from Canadian dollar to US Dollar.
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APPENDIX D. SELECT CHARACTERISTICS OF THE ORIGINAL STUDY USED IN INTERNATIONAL

BENEFIT TRANSFER™.
Study State(s) Study Methodology CS in 2006 $, per No. of Recreation good Study site
(Elicitation method  person per day observations valued
or RP type)
Trice and Wood, California Revealed Preference,$14.67 to $15.41 3 General recreation Feather Riveckee
1958 Zonal TCM River
Wennergren, 1965 Utah Revealed Preferenc#1.18 to $19.81 6 Motorboating Hyrum Reservoir,
Zonal TCM Mantua Reservoir, Bear
Lake,
Grubb and Texas Revealed Preference $2.24 1 General recreation Various sites in Texas
Goodwin, 1968 Zonal TCM
Brown and Hansen, Texas Revealed Preference $12.35 to $15.03 2 General recreation Fort Worttriai,
1974 Zonal TCM Sacramento District
Brown and Hansen, Texas Revealed Preference $21.15 1 General recreation Reservoirs
1974 Zonal TCM
Gibbs, 1974 Florida Revealed Preference$32.12 1 General recreation Kissimmee River Basin
Individual TCM
Martin, Gum and  Arizona Revealed Preference,$ 13.04 to $71.75 7 General recreation RegionRetgion 7
Smith, 1974 Zonal TCM
Moncur, 1975 Hawaii Revealed Preference$l.77 1 General recreation Keaiwa Heiau (Alea
Zonal TCM Hts.)
Sublette and Martin, Arizona Revealed Preference,$38.04 1 Camping Luna Lake
1975 Individual TCM $57.78 to $64.35 2 Freshwater fishing Black Canyamll
Lake
Knetsch, Brown and California Revealed Preference,$2.29 to $20.24 14 General recreation IsabellaesePine
Hansen, 1976 Zonal TCM Flat Reservoir, Success
Reservoir, Lake Kawea
New Hogan Reservoir,
Black Butte Reservaoir,
Englebright Reservoir,
Pine Flat Reservoir
Leuschner and Texas Revealed Preference $6.36 to $13.67 6 Camping Sam Rayburn COE, BA

Young, 1978

Zonal TCM

Steinhagen

81



Study State(s) Study Methodology CS in 2006 $, per No. of Recreation good Study site
(Elicitation method  person per day observations valued
or RP type)
Bowes and Loomis, Utah Revealed Preference,$ 19.74 to $25.66 2 Floating/rafting/  Westwater Canyon
1980 Zonal TCM canoeing
Haspel and Johnson,Arizona, Utah  Revealed Preference$ 14.82 to $23.25 6 General recreation Bryce CamNational
1982 Zonal TCM Park
Keith, Halverson Arizona Stated Preference, $4.34 to $4.39 2 Floating/rafting/ Salt River
and Farnworth, 1982 iterative bidding canoeing
Revealed Preference, $56.14 1
Individual TCM
Martin, Bollman, Arizona, Revealed Preference, $42.67 to $63.70 2 Freshwater fishing Lake Mead
and Gum, 1982 Nevada Individual TCM
Ward, 1982 New Mexico Revealed Preference$7.87 to $65.56 8 Camping, Lake Avalon,
Individual TCM motorboating, Bottomless Lakes State
swimming Park, Lake Carlsbad
Recreation Area, Lake
McMillan
Palm and Alabama, Revealed Preference, $15.09 to $74.49 4 Freshwater fishing West PoirseRair
Malvestuto, 1983 Georgia Zonal TCM
Klemperer, et al., Georgia, South Revealed Preference, $18.08 to $5.77 4 Floating/rafting/ Section IV, Chattooga
1984 Carolina Zonal TCM canoeing River
Stavins, 1984 California Revealed Preferenceé}76.18 to $111.64 2 Floating/rafting/  Tuolumne River
Zonal TCM canoeing
Sellar, Stoll and Texas Revealed Preference$20.32 to $50.20 4 Motorboating Lake Conroe, Lake
Chavas, 1985 Individual TCM Livingston, Lake
Stated Preferences, $10.79 to $12.88 3 Somerville, Lake
Open-ended Houston,
Stated Preferences, $17.31 to $32.96 3
Dichotomous choice
Bishop et al., 1987 Arizona Stated Preferences, $48.47 to $330.09 13 Floating/rafting/  Colorado River
Dichotomous choice canoeing
Ralston and Park, = Tennessee Revealed Preferencet60.67 1 General recreation Reelfoot Lake

1989

Zonal TCM
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Study State(s) Study Methodology CS in 2006 $, per No. of Recreation good Study site
(Elicitation method  person per day observations valued
or RP type)
Richards, et al., Arizona Revealed Preference,$6.47 to $25.69 10 Camping Coconino National
1990 Zonal TCM Forest
Stated Preferences, $1.80 to $11.12 10 Camping
Open-ended
Hansen et al.,, 1990 Texas Stated Preferences$2.48 1 General recreation Buffalo Bayou
Open-ended
McCollum et al., Arizona, New Revealed Preference, $4.26 to $24.94 6 Camping Apache-Sitgreaves,
1990 Mexico, Zonal TCM $25.28 to $41.69 3 Hiking Tonto, Santa Fe, Gila,
California, $9.00 to $21.54 3 Picnicking Angeles, Los Padres,
Arkansas, $10.41 to $29.55 3 Sightseeing Sierra, Lake Tahoe
Florida, $15.79 to $19.62 2 Swimming Basin MU, Inyo,
Georgia, $7.92 to $13.45 3 General recreation Klamath, Ozark-St
Mississippi, Francis, NFS,
North Chattahoochee-Oconee,
Carolina, Francis Marion and
South Sumter, Cherokee
Carolina,
Tennessee
Ralston, Park and  Tennessee Stated Preferences, $4.30 1 General recreation Reelfoot Lake
Frampton, 1991 Open-ended
Cordell and North Stated Preferences, $6.28 1 Motorboating Lake Chatague, Lake
Bergstrom, 1993 Carolina, Dichotomous choice Fontana, Lake
Georgia Hiwassee, Lake
Santeetlah
Teasley, Bergstrom, Georgia, South Stated Preferences, $4.71 to $6.83 4 General recreation Cherokee Naltion
and Cordell, 1994  Carolina Dichotomous choice Forest, George
Washington Nat'l Forest
Williams, 1994 Utah Revealed Preference$18.96 to $159.56 2 Motorboating Bear River, Wasatc

Individual TCM

Front
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Study State(s) Study Methodology CS in 2006 $, per No. of Recreation good Study site
(Elicitation method  person per day observations valued
or RP type)
Loomis, et al., 1995  California, Revealed Preference, $5.47 to $21.71 6 General recreation Reservoirs
Arkansas, Zonal TCM
Tennessee
Siderelis and Moore, California Revealed Preference,$5.13 to $17.82 6 Hiking Lafayette/Moraga Trail
1995 Individual TCM
Siderelis, Brothers, North Carolina Revealed Preference$7.74 1 Freshwater fishing Catawba River Basin
and Rea, 1995 RUM $10.45 1 Motorboating
$18.80 1 Waterskiing
Shonkwiler, 1995 Nevada Revealed Preferenc§16.31 to $25.53 3 Freshwater fishing Topaz Lakelkéf

Individual TCM

Lake, Pyramid Lake

Stated Preferences, $4.86 to $27.16 2 Bear River
Dichotomous choice
Bowker, English, Georgia, South Revealed Preference, $123.59 to $267.46 10 Floating/rafting/  Chatooga River,
and Donovan, 1996 Carolina, Individual TCM canoeing Nantahala River
North Carolina
English and Georgia, South Revealed Preference, $10.28 to $26.29 6 Floating/rafting/ Chatooga River
Bowker, 1996 Carolina Zonal TCM canoeing
Bhat et al., 1998 Southeast Revealed Preference, $19.45 1 Camping Southeast Subtropical,
States Individual TCM South Florida
Southwest $40.83 1 Motorboating Desert Southwest
States
SE and SW $114.54 to $156.12 3 Sightseeing Ozark and Ouchita
States Mountains, SE
Subtropical, South
Florida, Desert SW
Fadali and Shaw,  California, Revealed Preference, $9.64 1 Motorboating Walker Lake, Lahontan
1998 Nevada RUM Reservoir, Topaz

Reservoir, Pyramid
Lake, Boca/Stampede
Reservoir
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Study State(s) Study Methodology CS in 2006 $, per No. of Recreation good Study site
(Elicitation method  person per day observations valued
or RP type)

Siderelis, Moore and North Carolina Revealed Preference$69.43 1 Hiking NC

Lee, 2000 Individual TCM

Zawacki and South Carolina Revealed Preference$46.92 to $61.34 3 Picnicking SC Parks

Marsinko, 2000 Individual TCM

Hammer, 2001 Arizona Revealed Preference§10.70 to $25.10 2 Floating/rafting/ Colorado River
Zonal TCM canoeing

Hesseln et al.,, 2003  New Mexico Revealed Preferenckl47.52 1 Hiking Trails on five national
Individual TCM forests

Leggett et al.,, 2003  South Carolina Stated pretmen  $9.62 1 Sightseeing Fort Sumter National
payment card Monument

Mathews, Stewart  North Carolina Revealed Preference$18.45 1 Sightseeing Blue Ridge Parkway

and Kask, 2003 Individual TCM

Siderelis, Whitehead North Carolina  Stated Preference, $31.43 1 Floating/rafting/ NC

and Thigpen, 2004 Dichotomous choice canoeing
SP and RP $91.68 to $94.82 2

Chizinski et al., Texas Revealed Preference $69.09 to $138.19 4 Freshwater fishing Lake Kemp

2005 Individual TCM

Oh et al., 2005 Texas Revealed Preferenc&242.27 1 Freshwater fishing Sam Rayburn Reservoir
Individual TCM

Williams and Arkansas Stated preference, $22.93 to $39.01 5 Freshwater fishing Beaver Tadwaull

Bowman, 2006 iterative bidding

Shoals Tailwater,
Greer's Ferry Tailwater,
Norfolk Tailwater,
Narrows Dam

*Note: TCM = travel cost method
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