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Percelved Hazard and Product Choice: An Application to Recreational Site Choice

Abstract
This study improves upon the sandard “ dummy variable’ gpproach to modding fish consumption
advisories by jointly estimating a“ perceived hazard” mode and asite choice model. The perceived
hazard modd overcomes the shortcomings of the dummy variable modd, namdy that al anglers
respond equaly to advisories and that al anglers know of and believe the advisories. We find that
anglers percelved hazards associated with consumption advisories do affect product (recreational Site)
choice. Anglers perceptions also affect welfare messures, where the benefits of contaminant removal
follow a more reasonable pattern than that of the dummy variable approach. Thejoint perceived

hazard/product choice modd is applicable to awide variety of risky choices with which consumers are
faced.

1. I ntroduction

Consumers must often make choices in the presence of uncertainty and risk. Does one choose to
purchase organic produce grown with little or no chemica inputs, or does one choose to consume
conventiondly grown produce that may contain cancer-causing pesticide resdues? Does one avoid a
genetically modified food product because of uncertainties surrounding its safety, or does one seek an
unmodified food? Recreationd users can face asmilar choice: for example, does one chooseto fishin
waters that harbor contaminated fish which could cause cancer when esten in sufficient quantity, or
should one choose to fish elsewhere? This paper presents amode in which consumer choices, in this
case the decision of where to fish, are influenced by a measure of perceived hazard associated with the
“product” (fishing Site). The econometric model estimates the recreationd Ste choice decison jointly

with amodd of “hazard perception” for each fishing Site,

Fish consumption advisories became widespread throughout the last decade of the twentieth

century. Advisories warn anglers againgt consumption of fish due to toxic contamination, chiefly by



mercury, PCBs, and dioxin. While advisories can beissued in many forms, al seek to warn anglers of
the dangers associated with consumption of certain species of fish taken from particular lakes and
dreams. A number of authors have examined anglers response to these warnings (e.g., Jakus et al.
1997; Jakus et al. 1998; Triangle Economic Research 1998; Chen and Codett 1998; Parsons and
Hauber 1998; Parsons et al. 1999; Shaw and Shonkwiler 2000; Morey et al. 2000), but al have used
some form of adummy variable gpproach to measure the impact of advisories on anglers behavior. In
these models one of the attributes for each Steisadummy variable indicating the presence or absence
of afish consumption advisory (FCA)." This approach has a number of shortcomings. First, the
dummy variable for fish consumption advisories may capture other Ste attributes that may be associated
with fish contamination, but are not gtrictly related. For example, decreased harvest due to the
advisories may incresse the stock of fish available for catch-and-rel ease anglers so that the FCA
variable may be capturing stock effects. Second, the models assume that al anglers respond the same
way to the advisories, an assumption that may be incorrect. Using the previous example, catch-and-
release anglers may not be concerned about advisories because they will never consume the fish. Third,
it isassumed that FCAs communicate information that is known, understood and followed by dl
anglers. Empiricd evidence suggeststhisis not the case (Jakus et al. 1998; Burger et al. 1999; Pflugh

et al. 1999).

The shortcomings of the current gpproach to modeling FCASs suggest that analysts should
consder dternative waysto modd advisories. This study presents one such aternative, where the FCA
dummy varigble is replaced with a Site- Specific measure of the per ceived hazard associated with
consumption of contaminated fish from that site. We draw upon prospective reference theory, the risk

perception literature, and past empirica analyss of FCAs to specify an empirica mode of perceived



hazard associated with consuming fish from each fishing Ste. The measure of perceived hazard is then

used as a Ste attribute in the Site choice portion of the model.

The distinction between amodd that uses expert-assessed risk (asimplied by the dummy
variable method) and one that uses a person’s perceived risk isimportant.  Economists often use
observed behavior as the foundation for benefit and/or damage estimates, but these observed choices
not based on expert-assessed risks.” Rather, people make choices based on their own persona risk
assessment (e.g., O’ Connor et d. 1999). Thus, the welfare estimates used for benefit or damage
assessment may differ according to whether the andlysi's uses expert-assessed risks or the “persona”

assessment of risk on which behaviora choices are made.

The next section of the paper briefly reviews the risk perception literature. Prospective
reference theory is examined, which provides a theoretica base for using personal risk assessments.
We aso review other empirical literature that has focused on peoples’ responsesto FCAs. Because
our data do not perfectly correspond to the types used in other risk perception studies, the data that we
haveis explained in Section 3. Section 3 aso develops an operational mode of percelved hazard and
recreationd dte choice, asreveded by anglers behavior. The econometric results are presented in

Section 4, followed by conclusions in Section 5.
2. What Arethe Deter minants of Perceived Risk?

2.1  What Influences Probabilities? The basic framework for economic andysis of risky decisons
is the expected utility model developed by von Neumann and Morgenstern. The usua axioms of choice
used in amodd with certain outcomes (compl eteness, reflexivity, trangtivity, continuity, monotonicity)

are dlso maintained in the expected utility model with probabilistic outcomes® A utility function based



on the conventional theory has the expected utility property if for every gamble, g, u(g) = O pi u(a),
where the &’ s are the outcomes, each with probability pi. The probabilities, p, are known with certainty
and are assumed to be understood, believed, and followed by the decison-maker. However, the
expected utility framework is frequently inconsistent with observed behavior, so dternative models have

been proposed.*

Prospective reference theory (PRT) was developed by Viscus (1989) in response to the failure of
the expected utility mode to explain awide variety of phenomena associated with choices with uncertain
outcomes. The key aspect of PRT isthat decisons are made according to a perceived risk, where
percaived risk isafunction of prior risk beliefs and expert risk assessments. Thus, the risk probabilities
that affect decison-making represent a Bayesian updating approach, where weights are attached to
both prior risk beliefs and expert risk beliefs. Viscus and Evans (1998) recently reported a moded that
is conceptudly very smilar to that proposed here. Their modd smultaneoudy estimated perceived risk
probabilities and consumers' willingness to pay for products with varying safety attributes. Of particular

interest is the formulation of the risk probability as perceived by any given subject:

D qg=1[ r+gp+xs/[j +g+x]

where q isa person’s perceived risk (probability of adverse outcome), r isthe person’s prior risk belief,
p isameasure of the current (expert-assessed) risk associated with the product, and sistherisk
associated with a“ safer” product. The authors provided subjects with estimates of the risk associated
the safety attributes of current (p) and improved (S) products. Subjects then chose among products that
differed according to safety attributes and price. The empirica results indicate that the Bayesian
updating model cannot be rejected, suggesting that PRT is a powerful theory in explaining choice under

uncertainty. Further, the authors found that peoples’ prior risk beliefs (r) were a Sgnificant component
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of perceived risk.” Theimplication for consumption of toxic fish is that expert assessments of hazards,
asimplied by consumption advisories, may have little effect rdative to anglers' prior beliefs regarding the

risks associated with consumption.

2.2  Personal Characteristics as Determinants of Risk Perceptions. Walker (1995) has found
that people may believe that expert-assessed risks are informetive for a population as awhole, but may
act asif the population risk estimate does not gpply to them. While not directly appeding to PRT,
Waker's explanation is not inconsstent with it. Walker clams that people recognize that risk estimates
can be rather imprecise, with arange of plausible risks above or below the stated figure. Further,
people recognize that a population risk estimate is not necessarily applicable to them persondly, for a
variety of reasons. Walker argues that people assess “individuating factors’ that may place them in the
upper or lower tails of the risk distribution, and they make choices accordingly. Thus, someone who
never eets afish from a contaminated site may decide that the risk of contamination smply does not
affect him and that consumption advisories areirrdlevant to his Ste choice decison. As another
example, someone who engages in averting behavior (consuming fish species other than those with an
advisory, or engaging in “safe’ cooking practices) may decide that heis at low risk relative to the

population on which the risk assessment was made.

A number of empirical sudies have found that demographic and other persond factors influence
risk perceptions. For example, Viscus et al. (1999) found that smokers tended to place less weight
than non-smokers on expert risk assessments when two expert-assessments differed from one another.

Hynn et al. (1994) discovered that perceived risk for awide range of hazards varied by gender and
race, where white males were found to have lower perceived risks for dl hazards relaive to non-whites

or females. Burger et al. (1999) and Pflugh et al. (1999) found that anglers belief in advisories, the



perceived risk of contamination from fish consumption, and willingness to comply with advisories were

al rdated to ethnicity.
3. Available Data and an Operational M odel

3.1 Available Data. The datawere collected as part of along-term project sponsored by the
Tennessee Wildlife Resources Agency.  The primary goas of the data collection project are to monitor
fishing, hunting, and wildlife-associated recreation in the Sate, aswell as evaluate proposed changesin
the management of fish and wildlife resources. Generd population random digit did telephone surveys
are conducted every six months. Respondents are asked about their outdoor activities during the
previous Sx months. The datafor this paper concern dl reservoir anglersinterviewed during four
successve random digit did surveys.  The data cover reservoir fishing activities during one of four Sx-
month month periods stretching from March 1997 through February 1999.° The data do not represent
atrue pand data set in that each angler gppears only once in the data. Responses cover only one Six-

month period.

Anglers were asked about al trips to al Tennessee lakes and reservoirs during the specified Six-
month period. For each reservoir, anglers were asked how many fish they caught on an averagetrip to
that reservoir, and how many fish they released on an average trip to that reservoir. Anglers were aso
asked if they were aware of consumption advisories on Tennessee reservoirs. Findly, anglers provided

demographic information and information regarding the number of years they had been fishing.

The data are redtricted to anglers from a 34 county region of east Tennessee. Statistics for the
sample are presented in Table 1. Theregion lies east of the Cumberland Plateau, and ranges from

Chattanooga, TN in the southwest corner of the study region to Bristol, TN in the northeast corner.



Anglers are faced with a choice set consgting of twelve mgor reservoirs, al of which are operated by
the Tennessee Vdley Authority.  Six of the 12 reservoirs have had a fish consumption advisory issued
for one or more species of fish.  All advisories have been issued due to PCB contamination, which can
cause cancer when they achieve sufficient concentration in an organism. Advisories are listed in the
Tennessee Fishing Regulations booklet, as well as being posted at dl boat launches and mgor bank

fishing Stes

3.2  Modeding Perceived Hazard. The reader will note that the survey did not ask anglersdirectly
about the risks associated with consuming fish from any given reservoir. Studies of risk perception will
often have people rank rdative risks for avariety of activitieswith potentialy hazardous outcomes (e.g.,
isdriving acar more or less risky than riding a bicycle?). Much of the psychometric literature follows
this gpproach. Another approach isto communicate risk probabilities and observe how people respond
to them, as has been done in many empirica tests of prospective reference theory. The survey on which
this paper is based did not directly dicit perceived risks or risk probabilities, but the data do provide

indghtsinto anglers hazard perceptions.

In particular, the data revea whether or not the angler kept fish from reservoirs that have
consumption advisories (measured by the difference between the number of fish caught minusthe
number released). The act of keeping fish is highly corrdated with (8) the number of meds prepared
using reservoir-caught fish during the six-month period and, (b) whether the angler’s primary god for
fishing was for consumption. Thus, it can be reasonably assumed that *keeping fish” is ameasure of
intent to eat the fish. Thisinformation can then be used as an indicator of anglers perceived hazard

associated with eating fish from any given reservoir.



The percaived hedlth risk associated with consumption of fish at a given reservoir can be
proxied by estimating the probability that an angler will keep fish from that reservoir. Theterm
“perceived hazard” is used to differentiate our measure from the probability of an adverse outcome,
which is often the measure used in the risk perception literature. The hazard measure to be used in this
paper does not measure the probability of developing cancer as aresult of fish consumption; rether, the
probability of keeping fish from any given reservoir acts as a continuous indicator of perceived hazard,

with higher (lower) probabilitiesindicating lower (higher) percaeived hazard.

The probability of kegping fish a any fishing stej will be modeled usng atwo-level nested
random utility moddl, where the angler first decides whether or not to keep fish followed by the decison
a which gteto keep fish. Conditiona on having made the decision to keep fish, the angler can keep
fish from any of the twelve Stesin the choice set. Assuming an extreme vaue ditribution for the

probabilities, the conditiona probaility of keeping fish a Stej isgiven by,
(2)  P(Keep Fish from Sitej | Keep Fish) = [exp(Xib) / S exp(X«b)]

where the summation isover K sites, k =1,...,12. The X vector contains the information believed to
influence the decision to keep fish a Ste j, namely whether or not consumption advisories have been
issued at the site. X may include a dummy varigble that smply indicates an advisory isin effect, or it
may contain ameasure of “ severity” of the contamination such as the number of species covered by the

advisory.

At thetop leve isthe decision to keep or not to keep fish, regardless of the characteristics of
any paticular reservoir. Thisleve is required because many anglers have no desire to consume the fish

they catch, instead preferring to release them. The “keep/no keep” leve aso dlows the modd to



include angler-specific factors that influence the decision to keep fish & dl, thus influencing the measure

of perceived hazard. This probability is given by
(3)  P(KeepFish) ={exp[f In(S" exp(Xcb)]} /{ explf In(S" exp(Xcb)] + exp(Zg) }
whereas the probability of not keeping fish is given by,

(4)  P(Not Keep Fish) ={ exp(Zg) } /{ explf In(S" exp(Xcb)] + exp(Zg) }

Z represents a vector of variables believed to influence the keep/no keep decison.  The numerator in
equation (3) conggs of the inclusive value associated with the keeping fish at any of the K gtes (the
logged summation term) multiplied by a parameter, f.” The unconditional probability of kesping fish a

any dtej isgiven by the product of (3) and (4),
(5)  P(Keepatsitej ) = [exp(Xib) / S exp(Xub)]
{explf In (S exp(Xb)]}/ { explf In(S" exp(Xb)] + exp(Zg) }

More compactly, P(keep fish a stej ) = g(X, Z; b, g, f ), where the explanatory variadbles X and Z are

gpecified using ingghts from the risk perception literature.

Therisk literature has identified the importance of prior risk beliefs, individuating factors, and
demographics. Severity of the risk can be measured by the number of species subject to an advisory at
reservoir j and included in the vector X. A measure of advisory awarenessis included in the vector Z,
but Pflugh et al. (1999) and Burger et al. (1999) have noted that being aware of an advisory may or
may not influence behavior because many people smply do not beieve the warnings. These authors

provide angler quotes such as, “I’ ve fished here dl my life and haven't gotten Sick yet,” and the like.
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Pflugh and Burger suggest that anglers prior experience is strongly connected to prior beliefs about risk,
which is entirdy condstent with the findings of Viscus and Evans (1998). Thus ameasure of fishing
experience was needed: we use adummy variable indicating whether or not the angler had begun fishing
since the introduction of fish consumption advisoriesin Tennessee in 1986. This measure Smultaneoudy
captures an angler’ s experience and prior risk assessment. The key factor used in thisanalysisto
individuaize preferences for risk was the way in which anglers described their primary fishing purpose:
did they fish primarily for consumption or for catch-and-release? It is anticipated that catch-and-release
anglerswill have very low “keep” probahilities for al Stes. Thisis exactly what is desired, asvery low
probabilities for al stesimpliesthat catch-and-release anglersfind dl Stesare very smilar in this
attribute relative to those who fish for consumption. Finaly, the vector Z includes demographic factors
that others have found to influence perceived hazard (gender and race). Onefind factor that may
influence the decision to keep fish isincome, where it is hypothesized that low income anglers are more

likely to keep fish than higher income anglers.

3.3  Connecting Perceived Hazard to the Ste Choice Model. Site choiceisassumed to bea
function of gte atributes A. The Site atributes used in this model include travel cogt, the average catch
rate per trip, an index of reservoir ecosystem health, a measure of bility (the number of boat
ramps interacted with whether or not the angler fishes from a boat, and the perceived hazard measure,

PH. Agan usng the extreme vaue digtribution, the Site choice probabilities are given by,
(6)  Prob(vistsitej ) = exp(A d) /[ S exp(Acd)]

where the summation isover K stes k =1,...,12. The measure of perceived hazard at Sitej isgiven
by PH; = 1 — Prob(Keep Fish at sitej), or the probability that an angler would not keep and consume

fish caught at dtej. Thistransformation of the “keep probability” dlows oneto directly interpret PH; as
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ahazard measure. Increasing values of PH; indicate greater perceived hazards, whereas decreasing
vaues indicate lower perceived hazards. Thus, the expected sign on this variable in the Site choice
model is negative. The site choice model and the perceived hazard model are estimated jointly.® The

full information maximum likelihood function given by (7),
(7 InL=S"[S Vi InBY + §’v* InB* + ™ InPY]

where the summation is over N observations and J recregtiona Stes. Thefirgt term in the bracketsis
the site choice mode, while the second and third terms are the hazard perception modd. Thev; are
visitsby person i to sitej; P"isthe probability of visiting sitej; v;* is the number of visits by person i to
sitej during which fish were kept; B" is the probability of keeping fishat sitej; vi™ is the number of

fishing trips during which person i kept no fish; and P is the probability of not keeping fish a any site.

Other Modeling Considerations. Past research suggests that standard approach using a dummy
variable as an instrument to capture consumption advisory effectsis surely problematic. An advisory
dummy variagble as a Ste characteridtic is not appropriate because anglers respond to advisories
according to a personal assessment of the risk probabilities (i.e., perceived hazard, as outlined in
Viscud et al. 1999 and Walker). Other determinants of perceived hazard include factors such as
experience and demographic characterigtics (e.g., Burger et al.; Phlugh et al.). The dummy variable
approach alows none of these factorsto beincluded in the moddl. Thus, the dummy variable approach
is subject to both measurement error and an omitted variables bias. Our choice is therefore between a
standard modd that is known to have serious deficiencies and an dternative approach that is more
closaly connected to both the theory of choice in the presence of risk and observed behavior in the
presence of risk. We have followed the latter gpproach, but note that it too may be laden with some

measurement error.’
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4. Empirical Results

Parameter estimates for the joint perceived hazard/site choice modd are presented in Table 2. Thetop
portion of the table shows the results of the top level of the nested RUM for keeping fish, where the
coefficients can be interpreted as if one were estimating asmple logit mode for the probability of not
keeping fish. The middle part of the table reports the coefficients that measure the probability of keep
fisha any stej, conditiona on the decision to keep fish. The bottom portion of the table reports
parameters for the site choice modd, which includes the perceived hazard measure (jointly estimated

with the site choice modd) .

41  Keep Fish/Don't Keep Fish Portion. Theroleof prior risk beliefs and familiarity with
keeping fish was proxied by adummy variable indicating whether the angler had begun fishing after the
introduction of fish consumption advisories in Tennessee (about 1986). Those anglerswho Fished
Fewer Than 12 Years were less likely to keep any fish relative to those anglers who began fishing
before the advisory program wasin effect. With respect to the hazard perception index, “new” anglers
perceived greater hazard than “older” anglers because they were less likely to keep fish. Also related
torisk beliefsis an important “individuating factor”: whether or not the angler believes he or sheisat
risk from FCAs s closely connected to whether or not fish are consumed. As might be expected,
anglers who identified themsalves as a Catch-and-Release Angler were less likdly to keep fish than
those who did not identify themsalves as such. Catch and- rel ease anglers have greater measures of

perceived hazard because the “keep” probabilities are very low for dl Stes.

Whether or not anglers were Awar e of Advisories did not have an impact on the decision to
keep or not to keep fish, but this should not be too surprising given the modd specification. Firgt, the

keep/not keep model isfor al reservoirs, not just those reservoirs with consumption advisories.
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Second, the measure of awareness does not distinguish between those who fish soldly for catchrand-
release and those who do not, so it can be expected that some of those who know about advisories
would never keep fish. Finaly, the literature has demonstrated that even those who know about

advisories might not necessarily heed them.

Neither Female nor Nonwhite were satisticaly significant predictors of the decision to keep or
not keep fish, and so were not sSgnificant factors in determining the vaue of the perceived hazard
measure for each reservoir. Thiswas contrary to the findings of much of the risk perception literature,
which has found that femaes and nonwhites generdly perceive risks for any given hazard to be greater
than the risk perceived by white males. Incomewas agatidicaly sgnificant factor in explaining the
decison to keep fish; those with higher incomes were less likely to keep fish. A dummy variable
capturing the time period covered by the survey was satisticaly insgnificant, suggesting thet it did not
matter when anglers were interviewed. Findly, the inclusve vaue parameter, f , was postive and

sonificant.

4.2  Keep Fishat Stej. Thedecison to keep fish a any given Ste was explained usng a messure
of FCA at each Site and a set of Ste-specific intercepts. Intercepts were needed for three reservoirs
(Douglas, Norris, and Wetts Bar) because sample satistics indicated that anglers tended to keep fish
from these reservoirs in much greater proportions than from other reservoirs. Over 4% of the full
sample kept fish a each of these three reservoirs, whereas the next highest figure less than 3%. This
suggests that other factors may be influencing the decison to keep at these Stes rdative to the remaining
nine sites. Each of the Site- gpecific intercepts was postive (as expected) and gatisticaly significant.
The FCA measure was the # of Hazardous Species at each site (the number of species for which some

kind on an advisory had been issued). This variable was negative and significant, indicating thet
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4.3

consumption of fish from sites with advisories was consdered more hazardous than consumption from
steswithout advisories, and that the greater the number of hazardous species at the Site, the more

hazardous it was perceived.

4.3  SteChoice Model. Travel Cost was anegdtive and datidticdly sgnificant determinant of site
choice. The average Catch Rate at the Ste was positive and significant; higher catch rates lead to
greater probability of being visited rdative to stes with lower catch rates, dl se equa. The Ecosystem
Health Index isameasure used by the Tennessee Valey Authority to evauate the overal hedlth of the
reservoir environment for aguatic floraand fauna. Higher vaues of the index indicate better
environmenta conditions than lower values, so that a positive sign on the index was expected. Indeed,
the parameter was positive and significant. Accessibility of reservoir sites was captured by the number
of ramps a areservoir interacted with whether the angler usudly fished from aboat. The coefficient on
this measure was pogtive, as expected, and satistically sgnificant. The Site choice modd dso included
adte-specific intercept for Watts Bar reservoir, avery popular and highly developed reservoir located
less than a hour from two mgor metropolitan areas (Chattanooga and Knoxville). While the expected
sgn on the intercept was positive, the actud Sgn was negetive, but inggnificant. Finaly, the Perceived
Hazard Measure was estimated jointly with the Ste choice modd. For any given sitej, perceived
hazard is measured as [1 — P(keep fish & dte)]. Thus, the expected Sgn on this varigble is negative.
The empirical results show that the parameter was indeed negative and a statigticaly sgnificant

determinant of Site choice.

4.4  Estimated Welfare Measures. A key test of the performance of the joint perceived hazard/site
choice modd is to observe the magnitude and distribution of welfare or benefit esimates. The welfare

scenario chosen is PCB mitigation and remova of contaminated fish such that dl fish consumption
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advisories can be lifted. Welfare changes associated with clean up and lifting of advisories are presented

in Table 3.

The mean bendfit estimate for dean up and lifting advisories is $3.40 per angler per trip, with a
95% CI of $0.96 to $6.68. This average per trip estimate is quite comparable to the per trip measure
found by other authors (e.g., Jakus et a. 1997; Parsons et d. 1999). However, the hazard perception
mode has the added advantage of alowing one to differentiate anglers by persond risk assessment. If
the model operates according to a priori expectations, alower benefit measure should be observed for
catch-and-release anglers than other anglers. Thisisthe case. Catch-and-release anglers benefit to a
very small degree, with amean of $0.15 per angler per trip (95% CI of $0.03 to $0.45). Anglerswho
consume their catch have much larger benefit measures, with a mean benefit of $7.62 per trip (95% ClI

of $2.17 to $14.79). These results provide further support for the hazard perception model.

5. Conclusions

In this study we have modeled the impact of fish consumption advisories on recreationd fishing
using an econometric gpproach that jointly estimated amodd of perceived hazard and recregtiond Site
choice. A joint hazard perceptions/site choice modd is desirable because of anumber of shortcomings
of the traditiona dummy varigble method of estimating the benefits of fish consumption advisory
removal. A hazard perception modd can overcome the unreasonable assumptions of the dummy
variable modd; that advisories are applicable to dl anglers, known by dl anglers, and followed by al
anglers. Further, the hazard perception mode can be directly linked to the voluminous literature on risk

perception because this literature provides the information required to specify the modd!.
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The perceived hazard of fishing Ste | was modeled as the probability that an angler would refuse
to keep and consume fish caught at Stej. The empirica results support such an gpproach. The most
important effect that a perceived hazard model should capture—increasing perceived hazards
associated with increasing severity of the consumption warning—was akey empiricd finding. Further,
the empirical modd aso provided evidence that prior risk beliefs, as measured by angler experience,
influence perceived hazard. Findly, the perceived hazard modd found that an important individuating
factor that affects persond perceived risk—whether the angler consumes fish at dl—had the expected
effect. Welfare measures for the sample as awhole were quite comparable to previous estimates found
in the literature. Unlike those estimates, however, the hazard perception modd permits the anadyst to
differentiate by angler type. In particular, it was found that catch- and- release anglers had avery low
benefit from “cleaning up” the reservoirs, whereas anglers who consume their catch had amuch higher

benefit estimate.

Thejointly estimated hazard perception/product choice modd has applications beyond the
realm of recreationa choice. For example, the modd could be applied to product choicesinvolving
other food safety decisons, such as choosing among produce items with varying degrees of chemica
residues, choosing between meat (or milk) produced with growth hormones, or choosing between
genetically modified foods or foods produced with traditiona cross-breeding methods. Rather than rely
upon an indicator variable to measure perceived risk (as we have done with the act of “keeping fish”),
one could dicit risk (hazard) perceptions during the course of a consumer survey and then incorporate
these responses in ajoint model of hazard perception and product choice. The mode is equaly

applicable to both revealed preference and stated preference methods.

17



Refer ences

Burger, J. and four co-authors. 1999. “Fishing in Urban New Jersey: Ethnicity Affect Information
Sources, Perception, and Compliance.” Risk Analysis 19(2):217-228.

Chen, H.Z. and SR. Cosdett. 1998. “Environmenta Quality Preference and Benefit Estimation in
Multinomid Probit Models: A Smulaion Approach.” American J. Agricultural Economics,
80(3):512-520.

Flynn, J,, P. Sovic, and C.K. Mertz. 1994. “Gender, Race, and Perception of Environmenta Hedlth
Risks” Risk Analysis, 14(6):1101-1108.

Jakus, P.M., D. Dadakas, and J. M. Fly. 1998. “Fish Consumption Advisories: Incorporating Angler-
Specific Knowledge, Habits, and Catch Rates in a Site Choice Modd.” American J.
Agricultural Economics 80(5):1019-1024.

Jakus, P.M., M. Downing, M. Bevelhimer, and JM. FHly. 1997. “Do Sportfish Consumption
Advisories Affect Reservoir Anglers Site Choice?” Agricultural and Resource Economics
Review, 26(2):196-204.

Jehle, Geoffrey and Phillip Reny. 1998. Advanced Microeconomic Theary. Reading, MA: Addisor+
Wedey.

Kahneman, D. and A. Tversky. 1979. “Prospect Theory: An Analysis of Decisons Under Risk.”
Econometrica, 47 (1):263-91.

Krinsky, I. and A.L. Robb. 1986. “On Approximating the Statistical Properties of Eladticities” Rev.
Economics and Statistics, 68(4):715-719.

Maching, M.J. 1987. “Choice Under Uncertainty: Problems Solved and Unsolved.” J. Economic
Per spectives, 1(1):121-54.

McClusky, J.J. and G.C. Rausser. 2001. “Estimation of Percelved Risk and Its Effect on Property
Vaues. Land Economics, forthcoming.

Montgomery, M. and M. Needdman. 1997. “The Wdfare Effects of Toxic Contamination in
Freshwater Fish.” Land Economics, 73(2):211-23.

Morey, E.R. and D.W. Wadman. 1998. “Measurement Error in Recreation Demand Models. The
Joint Estimation of Participation, Site Choice, and Site Characterigtics”  J. Environmental
Economics and Management, 35(2):262-276.

Morey, E., W. Breffle, and D. Wadman. 2000. “Combining Sources of Datain the Estimation of
Consumer Preferences. Estimating Damages to Anglers from Environmenta Injuries” Pages
143-169in S. Polasky, eds., Proceedings of the W-133 Regional Project.

O’ Connor, R.E., RJ. Bord, and A. Fisher. 1999. “Risk Perceptions, Genera Environmenta Bdliefs,
and Willingness to Address Climate Change.” Risk Analysis, 19(3):461-471.

18



Parsons, G.R. and A.B. Hauber. 1998. “Spatid Boundaries and Choice Set Definition in a Random
Utility Modd of Recreation Demand.” Land Economics, 74(1):32-48.

Parsons, G. R., P.M. Jakus, and T. Tomas. 1999. “A Comparison of Welfare Estimates from Four
Modes for Linking Seasond Recreationd Tripsto Multinomid Logit Modes of Site Choice.”
J. Environmental Economics and Management, 38(1):143-57.

Pflugh, K.K., and four co-authors. 1999. “Urban Anglers Perception of Risk from Contaminated
Fish.” The Science of the Total Environment, 228:203-218.

Shaw, W. D. and J.S. Shonkwiler. 2000. “Brand Choice and Purchase Frequency Revidted: an
Application to Recregtion Behavior.” American J. Agricultural Economics, 82(3):515-26.

Starmer, C. 2000. “Developmentsin Non-Expected Utility Theory: the Hunt for a Descriptive Theory
of Choice Under Risk.” J. Economic Literature, XXXVIII (June):332-82.

Train, K.; D. McFadden and R. Johnson. 2000. Discussion of Morey and Wadman's Measurement
Error in Recreation Demand Modes. J. Environmental Economics and Management,
40(1): 76-81.

Triangle Economic Research. 1998. “LavacaBay Recreationd fishing Assessment.” Paper presented
a the Annua Meeting of the American Agricultura Economics Association, Sdt Lake City, UT.

Viscus, W.K. 1989. “Prospective Reference Theory: Toward an Explanation of the Paradoxes’ J.
Risk and Uncertainty, 2 (September):253-64.

Viscug, K. and W.N. Evans. 1998. “Egtimation of Reveded Probabilities and Utility Functions for
Product Safety Decisions.” Rev. Economics and Statistics, 80(1):28-33.

Viscug, V K., W.A. Magat, and J. Huber. 1999. “Smoking Status and Public Responses to
Ambiguous Scientific Risk Evidence” Southern Economic J., 66(2):250-70.

Von Nuemann, J. and O. Morgenstern. 1947. Thenry of Games and Fconomic Behaviar, 2™ FEdition

Princeton, NJ: Princeton U Press.

Walker, V.R. 1995. “Direct Inference, Probability, and a Conceptud Gulf in Risk Communication.”
Risk Analysis, 15(5):603-6009.

White, H. 1982. “A Heteroscedasticity-Consstent Covariance Matrix Estimator and a Direct Test for
Heteroscedasticity.” Econometrica, 48:817-838.

19



Table 1: Sample Statistics (n=457)

Variable

Number of fishing trips

Awar e of Advisories (%)

Fished for Less Than 12 years (%)
Catch-and-release Angler (%)

Gender (% femde)

Nonwhite (%)

Income ($)

Interviewed about Fall/Winter Activities (%)

20

Mean
15.3
70.2%
19.5%
56.5%

25.4%

5.0%
$43,459
51.2%



Table 2: Joint Hazar d Per ceptions/Site Choice M odél

Coefficient Asymptoatic t-ratio
Keep Fish/Don’t Keep Fish Portion
Fished Fewer Than 12 Years 1.793 2.985
Catch-and-release Angler 2113 4.561
Awar e of Consumption Advisories -0.133 -0.377
Female -0.213 -0.457
Nonwhite -0.625 -0.837
Income ($10,000) 0.164 2.561
Interviewed About Fall/Winter Activities 0.147 0.337
Inclusive Value 0.335 1.958
Keep Fish at Sitej Portion
# Hazardous Species -0.333 -1.680
Douglas Reservoir Intercept 0.875 2.204
Norris Reservoir Intercept 1.665 4.949
Watts Bar Reservoir Intercept 4.406 2.789
Site Choice M odel
Travel Cost -0.046 -11.289
Catch Rate 0.479 4.311
Ecosystem Health Index 0.027 2.840
# Ramps”~ Boat Angler 0.017 2.491
Watts Bar Intercept -0.310 -0.692
Perceived Hazard Measure -10.989 -4.592

Ln L =-16,645.57 a convergence.
t-ratios based on theratio of the coefficient to its asymptotic standard error. Standard errors cal cul ated

from White' s robust variance-covariance matrix (1982).
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Table 3: Benefit Estimates. “ Clean Up” so asto Remove All Advisories ($/trip)

M ean 95% CI?
All Anglers $3.40 $0.96 - $6.68
Consumption Anglers $7.62 $2.17 - $14.79
Catch-and-rdlease Anglers $0.15 $0.03 - $0.45

# 95% confidence intervals estimated using the method of Krinsky and Robb (1986).
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ENDNOTES

! Morey e d. use afairly elaborate set of dummy variables that capture both the species on which an
advisory has been issued and the “ severity” of the advisory (i.e., do not consume any fish, consume fish
in no more than one med per month, etc.).

? An exception is astudy by McClusky and Rausser (forthcoming) that estimates a property value
mode based on the perceived risk associated with a Superfund site.

® See Jehle and Reny, p.197.

* Machina (1987) outlines a number of problems associated with the expected utility model, while
Starmer (2000) provides arecent survey of non-expected utility modds. In addition to Viscus's
prospective reference theory, Kahneman and Tversky (1979) developed Prospect Theory, another
wdl-known modd of decision making in the presence of uncertainty. This modd has been criticized
because of itslack of testable behaviora hypotheses.

® Viscus and Evans did not have a direct measure of r, but the econometric specification allowed them
to diminate the possibility that r = 0.

® The six month periods were March-August 1997, September 1997 through February 1998, March
1998 through August 1998, and September 1998 through February 1999.

! Intuitively, the indusive vaue captures the “ utility” associated with keegping fish. The parameter f
should have a pogitive value, indicating that as utility of kegping fish increases (i.e., with contaminant
remediation), the probability of keeping fish increases.

® The advantage of joint estimation isthat one can avoid the econometric problems associated with
two-stage model with a generated regressor.

® The joint perceived hazard/site choice model presented in the previous sections has some aspectsin
common with the Morey and Wadman (1998) measurement error modd. The smilarity isthet the
Morey-Wadman modd estimates catch rates for each recrestion site whereas our model estimates a
perceived hazard for each individud, for each Ste. Train et al. (2000) have recently criticized the joint
mode, gating that the parameters from such amode can be biased and inconsstent. Thisis so because
the sandard random utility model cannot estimate a full set of Ste-specific congtants, the endogenoudy
edimated variable will act as a site- gpecific constant capturing al omitted effects.
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