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Abstract

Imposition of regulaions on use of the environment is resulting increasingly due to public pressures.
With recrestion on public lands and waterways, regulations may influence expectations of qudity,
degtination choice and welfare. This paper examines the effects of regulations in the case of

recregtiona fisheries. The empirica application develops ajoint modd of expected catch and expected
harvest in conjunction with arandom utility mode of regulated site choice. Findings for Maine fisheries
indicate that regulations have sizable effects on catch and harvest, probability of ste choice and

consumer surplus.



Introduction

Impaosition of regulations on the use of natura resources and environmenta goods is resulting
increasingly due to public pressures. A prevaent example with internationd sgnificance isthe
regulation of commercid and recregtiond fisheries. Regulations such as quotas and gear redtrictions are
adopted by gtate and federa agenciesin order to correct or deter excessive harvests and derive largely
from biologicd—ather than economic —objectives. Regardless of the objectives guiding regulators
and of whether commercid or recreationd fisheries are the interest, variation in the stringency of
regulations over species and geographic areas may influence fishery choice and expectations of the
quantity and variety of speciesto catch and harvest. Further, changes in the mixture of regulations may
impect the profits and utility derived, respectively, from commercid and recregtiond fisheries,

Fisheries regulations affect resource stocks by atering the quantities caught and harvested.
While the regulation of commercid fisheries has received consderable attention, the economic
consequences of regulations imposed on recregtiond fisheries remain under-investigated despite the
alocation of substantid resources to agencies to manage marine and freshwater ocks. Regulations
being readily observed ste attributes—by recreationists and researchers—leads naturally to their
incluson in models of recreation demand. Considering the attention given to non-market demand and
benefits estimation and on-going debates on the use and management of public lands and waterways,
the scant gppearance of regulations in the recrestion demand literature is surprisng. Therefore, as light

isonly beginning to be cagt upon the implications of environmenta regulations for consumers, in generd,



and recregtionists, in particular, we tackle the issue in the context of regulated recreationd fisheries.

The paper is sructured asfollows. In the next section, we develop amode of a utility
maximizing consumer confronting a choice set comprised of regulated and un-regulated aternatives.
Regulations enter the utility function directly as attributes of the aternatives and indirectly through
individuad expectations of qudity, such as anticipated numbers of fish caught and harvested. It follows
that regulatory changes affect welfare through multiple channds. A random utility modd (RUM) of
regulated fishery choice is developed in section three in the case of Maine freshwater anglers. The
gpproach is unique for reasons attributed to the design of many systems of regulations used to manage
resource-based recrestion. First, because regulations often vary across species and heterogeneity in
angler preferences may prevall in the population, expectations of catch and harvest are modeled for a
variety of pecies. Second, because certain regulations target catch and others target harvest and
consdering the dependence of harvest upon catch, angler expectations of catch and harvest arejointly
modeled. The gpproach also permits the effects of catch and harvest determinants to vary over species
and catch and harvest expectations to enter RUMs in avariety of fashions. Wefare estimates from
amulated changes in the regulations portfolio and the policy implications of the results are discussed in
the fourth section. Section five concludes.

Findings indicate that regulations often have szable effects on quality expectations, consumer
choice, and the benefits derived from recreationa opportunities. Further, regulations may be percelved
as desirable attributes by some consumers and obstacles to avoid by others. Therefore, snce changes
in the natural environment may result in or from changes in regulatory systems, we suggest that the

definitions of many non-market goods may need to be amended gppropriately in future demand and



welfare anayses.

II.  Regulating Recreationists

Perhaps the earliest instrument to be extensvely used to regulate recreation on public lands and
waterways was restricting hunting and fishing privileges to license holders! Licensing provides
managing agencies with a smple means for monitoring public pressures on the naturd environment. For
many recregtiond activities, including fishing and hunting, river-rafting, hiking, Ste-seeing and camping,
unlimited numbers of licenses are avalable. In addition to permitting access, licenses commonly define
the activities in which the public may engage?

Although the objectives and congtraints facing regulators may differ between jurisdictions,
amilarities exig in the types of regulations that agencies adopt. We categorize regulations into three
groups and pose them in arecregtiond fisheries context. General regulations do not target angler catch
or harvest but instead redtrict the activities of al recreationists; examples include restrictions on boat use

and vehicle access. Alternatively, catch and harvest regulations target anglers. Catch regulations are

designed to influence the likelihood of catching fish in order to reduce the occurrence of “hooking
mortaity” and other forms of pre-mature death, yet they do not target particular species; examples

include regtrictions on the types of gear and bait that may be used and the number of lines that one may

! The granting of alicenseis generaly conditiona upon theindividua or party meeting sdlect
requirements, such as exceeding aminimum age, and the payment of afee.
2 Regulaions may aso limit the number of recreationists alowed to access Sites. Lotteries,

gueues, or auctions are then used to ration licenses.
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have smultaneoudy in the water. In a production context, catch regulations dictate the use of relaively
inefficient inputs since a given quantity of regulated inputs (e.g., capitd and time) yidds less outputs (i.e,
catch and harvest) than a comparable amount of unregulated inputs (see Karpoff, 1987 and Wilen,
2000 for discussion of inefficient catch regulations in the case of commercid fisheries). Unlike generd
regulations and catch regulations, harvest regulations target particular species. Bag limits (quotas) and
length limits are harvest regulations commonly used to restrict, respectively, the numbers and Szes of
fish that may be kept.

When coupled with monitoring and sufficiently stringent pendties, regulaions congtrain
individua behavior. And to the extent that regulations influence resource stocks, they may dso bea
sgnd of quaity. Consdering the regulations taxonomy discussed above, in arecrestion demand
framework regulations affect utility directly by acting as congraints on individuas and indirectly through

perceptions of qudity, such as expectations of catch and harvest.

The Behaviord Modd

3 It isimportant to note that, unlike with recreationd fishing, the distinction between catch and
harvest is often ambiguous with recreationa hunting as a catch generdly impliesaharvest. Because
stock regeneration often occurs at a dower rate with terrestrial species relative to aguatic species (e.g.,
moose and samon, respectively), managing agencies may restrict catch, and thus harvest, to asingle
unit over aseason or even alifetime. Animplication isthat harvest will enter the recregtionists utility

function as a probability rather than non-negative integer.
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Begin by assuming that J destinations may be accessed by utility maximizing license holders.
On agiven choice occason individud i vidtsthe ste yidding the greatest leve of utility. The individud
derives utility from visiting the jth Ste given by the indirect utility function:
Q) Vij = V(Y -Py, i, R, Q) ajod
Theterm Y; - P, ; isincome (Y;) net the costs (P, ;) incurred from visiting the Site, and |; denotes
characterigtics of theindividual. Regulations congtraining activities a the Ste are denoted by the vector
R, and this we partition into sub-vectors of exogenoudy determined generd, catch and harvest
regulaions
) R = RR;IRj|Ry)
where the subscripts g, ¢, and h refer to generd, catch and harvest, respectively. Thefinad termin the
indirect utility function, Q, ;, denotes an individua-specific vector of quaity atributes associated with
gte]j that consigts of three components. physica characteristics of the fishery, expectations of catch and
expectations of harvest:
@R Q; = QA; ECij1) ECij2), -, E(Cijs): E(Hij1), E(Hj2), ..., E(Hijs))
Theterm A, isavector of site attributes. The second set of terms contains S species-specific
expectations of catch at the Ste. Following Anderson (1993), we dso assume that utility is derived
from harvested (or landed) fish, and the third set of termsin (3) reflectsindividua i’ s expectations of
harvest conditiond, in part, upon the respective expectation of catch.

Catch expectations gppear in the recreation demand literature as functions of angler
characterigtics and physica attributes of the fishery. However, sSince regulations target catch, they may

a0 influence angler expectations of the quantity and variety of fish to catch. Thus, we broaden the



definition of expected catch by introducing catch regulations. Individud i’ s expected catch of speciess
a dtej isexpressed:

4 E(Cis) = C(Rc,Ac lic) a4joJ,s0S

The catch regulaions, R , are not species-specific, and their effects may differ between species.
Expected catch is aso afunction of Site characteristics, A, ., and individua characteridtics, |; . (the
subscript ¢ denotes catch). Expectations of harvest are bound from above by expectations of catch
and condrained by regulations. Individud i’ s expected harvest of species sis defined:

5) E(Hs) = H(Rn, E(Cijs) lin) a4joJ,s0S

where R, , is a vector of species s havest regulations at fishery j, E( G ) is(4), and |; , denotes
angler characteristics (subscript h denotes harvest).

In addition to including regulations in the objective function directly as attributes and indirectly
through the catch and harvest expectations, two key distinctions between the model and those posed in
other empirica studies should be noted. The most notable departure isthat an individua derives utility
from catch and harvest. Since anglers often kegp some or al of their catch, utility is presumably
derived from harvested fish. Second, because numerous types of fish often resde at a given fishery, the
quality vector (Q;) contains avariety of speciesyet in a disaggregated fashion. Rather exclusively,
expected catch has been defined for asingle gpecies or as a species aggregate, implying zero margind

utility for theremaning S- 1 species with the former and identicd margind utilities with the latter.

Wdfare Effects of Recreationd Regulations

Policy changes affecting recreationd activities on public lands and waterways commonly result



in changesin the portfolio of regulations managed by state and federd agencies. The gppearance of
regulaions directly in the utility function as Site attributes and indirectly through the quality expectations
implies public welfare is susceptible to policy through multiple channels. We congder in turn the
welfare effects of changesin generd, catch and harvest regulations.

Amendments to generd regulations impact dl recreationists. For example, the impaosition of
regulations on boat use congtrains the boater population, which is comprised of anglers and non-
anglers. Changes in the behavior of boaters may also affect the recreationd experience of non-boaters
(e.g., through reduced leves of noise and safety risk). Dropping the subscripts for amplicity, the
compensating surplus (CS) from the change in agenerd regulation is represented:

(6) V(Y-P, I, R Q) = V(Y-P-CS I, R, Q)

The superscript * distinguishes the amended portfolio of regulations from the status quo. The
compensating surplus (CS) isthe incrementd income that maintains the individud at the origind utility
leved. If the regulatory change increases (reduces) utility, then dl €se congtant, CSis pogtive
(negative).

Regulatory changes that target catch or the harvest of particular species affect utility directly
through the regulations vector (2) and indirectly through the catch or harvest expectations. The
compensating surplus for changesin catch and harvest regulationsis given by:

(7 V(Y-P, I, R, Q) = WV(Y-P-CS I, R,Q)
If the policy change is associated with lower (greater) levels of catch or harvest expectations and isdso
percaived as an undesirable (desirable) fishery characteristic, CSis negdtive (pogtive). Alterndively,

the CS may be ambiguous if the direction of the effects on utility differ.



Because consumer preferences and expectations of recregtiond dte quality may vary within the
population, the effects of environmentd regulations on demand and welfare are empirica issues. The
following sections explore the demand and welfare effects of regulaions with arich survey dataset
congsting of Maine freshwater angler fishery choices, regulations, and catch and harvest of avariety of
gpecies. While angler preferences for regulations are the primary interest, for completeness we

elaborate on the joint modd for generating the catch and harvest expectations.

[I1.  Econometric Modeling of Regulated Destination Choice

Random utility modes (RUMS) have emerged as the preferred Satisticd tool for recreation
demand and benefits estimation, and recreationa fishing is no exception. Notable atention has recently
been given to estimating RUMSs that incorporate individud-specific quality measures, such as expected
catch (McConndll, Strand and Blake-Hedges, 1995; Hausman, Leonard and M cFadden, 1995; Morey
and Wadman, 1998; Morey and Waldman, 2000; Train, McFadden and Johnson, 2000). The
quantity and variety of fish to catch are naturd indicators of fishery qudity. Expectations of caich are
introduced through sequentid or joint estimation of an expected catch model and aRUM of destination
choice.

Individua expectations of catch typicaly enter recreation demand models in one of two
fashions. as asingle species of fish (eg., Atlantic SAmon) or as an aggregate of multiple species.
Aggregate models of expected catch have likely been used due to data limitations or for convenience.

Instead modding expected catch of individua species avoids aggregation biases and dlows species-



specific marginad effects to be estimated.* However, species-level analyses rather exclusively consider
only asingle type of fish despite the presence of a variety of species commonly resding in public
waters. Inthis case, rdevant explanatory variables may be omitted from the modd, leading to the
introduction of other types of biases.

Although aggregate moddls may suffer from aggregation biases, they involve multiple species.
But while species-level models may overcome the limitations of aggregate modds, omitted variables
bias may contaminate RUMs of fishery choice if catch expectations are limited to asingle species. The
solution to the dilemmais to include catch expectations for multiple species in a disaggregated fashion,
while accounting for the role of fishery regulations and the discrete, count nature of catch and harvest.
A smilar argument may be made for the incluson of harvest expectations for individud species. And,
asafind cavedat, the dependence of harvest upon catch necessitates that angler expectations of catch

and harvest be jointly modeled.

The Data
A rich dataset obtained from an initid and follow-up mail survey of Maine freshwater anglers

during the 1994 Maine openwater fishing season is explored (see McDonad, Boyle and Fenderson,

4 Biases may dill result despite specieslevel modding. For example, the survey insrument may
elicit catch at adte over a season rather per trip, yielding aggregates by species. Alternatively, catch
data obtained on a per-trip bas's are often limited to only part of a season, leading to possible biases

when aggregating to seasond or annud levels.



1995, for survey details). The surveys dlicited angler preferences for various regulations-related inputs
to catching fish, the Sites visited, catch and harvest of ten species of fish and angler targeting of the
species, and socio-economic characterigtics. The sample of anglers congsts of X Maine residents who
took Y single-day tripsto Z lakes or ponds. For our examination, choice sets are generated by the
random draws approach (Parsons and Kealy, 1992).

Four species of fish are included in the andlysis that comprise the bulk of reported catch and
harvest. These include the coldwater species landlocked salmon and brook trout and the warmwater
gpecies bass and white perch. Summary statistics and frequency distributions of the catch and harvest
data are reported in Appendix A. Generd, catch and harvest regulations were obtained from the
handbook of fisheries regulations provided to license holders. Regulations enter the expected catch and
harvest modds as dummy variables and the RUM through interactions with regulations-related angler
characterigtics dicited from the follow-up survey. Heterogeneity in individud preferences for
environmenta regulations may be tested for through the inclusion of individua characterigticsin the

RUM.°

® Heterogeneous preferences may be accommodated through two generd methods. The
“classc” heterogeneity gpproach used here results from interacting individua or group socio-economic
characterigtics with ste attributes (see Swallow, Weaver, Opauch and Michelman, 1994).
Alternaively, random parameters modds (e.g., Train, 1998) account for unobserved individua or
group heterogeneity. Classic heterogeneity and random parameters models may aso be combined (see
Morey and Greer-Rossmann, 1999). While the random parameters approach isflexible, it requiresthe

researcher to impose redtrictions upon the distribution of unobserved heterogeneity in the population.
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The regulations binding upon the Maine fisheries had along-standing tradition a the time the
surveys were conducted.?  The catch regulations include restrictions on bait use (No Live Bait) and

tackle use (Hy Fishing Only), and these enter the expected catch equations for al species (Table 1). In

the RUM the catch regulations enter asinteractions with angler characteristics associated with catch
regulations. Theregulaion No Live Bat isinteracted with the Liekert-scae variables Lures, Worms,

Dead Bait, and Live Bait, which measure the frequency of angler use of bait and tackle of the same

name. The catch regulation Hy Fshing Only isinteracted with the Liekert-scde variable Hy Fish,

which measures angler frequency of fly fishing. The gear and bait-use variables were obtained from
responses to questions of the genera form “How often do you use [bait type] when fishing?’ contained
in the follow-up survey. In dl cases the response scae ranged from O (never) to 10 (always).

The harvest regulations examined include sdmon and trout quotas and length limits. These
enter the expected harvest modd's as dummy variables and the RUM through interactions with two
angler characterigticsrelated to harvest. Thefirst is Targeted, adummy variable taking a vaue of one if
the angler reported targeting the species and avaue of zero otherwise. The second angler
characterigtic, Recresation, tekes avdue of oneif the individud reported fishing solely for recregtion and

avalue of zero otherwise.

Consstency of the parameter estimates also becomes a concern with gpproach as the number of
random parameters increases.

® Consultation with fisheries managers indicated that the vast majority of regulations werein
place for at least two years prior to the survey period. However, in the subsequent season the system

was substantidly revised by the Maine Department of Inland Fisheries and Wildlife.
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The generd regulations include two restrictions on boat use (No Boats and No Motorboats).
As generd regulations do not target angler catch or harvest, they are excluded from the expected catch
and harvest moddl. Genera regulations enter the RUM through interactions with angler characterigtics
in afashion smilar to that of the catch and harvest regulations. As the follow-up survey did not dicit
information directly related to the generd regulations, we chose the characteristics Age and Mde for

the interactions.

The Modding Approach

Because afull information maximum likelihood approach for smultaneoudy estimating RUMs of
dte choice and multivariate models of expected catch and expected harvest is empiricaly intractable,
the sequentid gpproach isused here. The estimation dgorithm involves the followings steps. Firs,
given the dependence of harvest upon catch, ajoint model of angler expected catch and harvest is
esimated. As catch and harvest are discrete, non-negative integers a count data modeling approach is
used (Mullahy, 1997). The estimated modd is then used to generate catch and harvest expectations at
each fishery contained in angler choice sets. At the second stage, the RUM is estimated conditiond, in
part, upon the estimated first sage modd. Angler decison making is thus assumed to first involve
generating catch and harvest expectations and then choosing to vist the utility maximizing fishery.
Individua and joint hypotheses may be tested from the estimated RUM regarding preferences for
regulations and the welfare effects obtained for changes in regulatory policy.

Severd uni-variate count data mode's of were examined initidly (see Cameron and Trivedi

1998 for background on count data regresson models). The modd s included the Poisson and
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Negative Binomid (Type-Il) modds and zero-inflated versons of the Poisson and Negative Binomia
models (ZIP and ZINB, respectively). The zero-inflation models accommodate frequencies of zeros
exceeding those attributable to the base models by modeing the probabilities of zero and positive
catch. The ZIP model was selected as it outperformed the Poisson and NB modd and because the
ZINB modd failed to converge in severd cases.

With the ZIP modd (Lambert, 1992) the probability that individud i’s catch (or harvest)

of species s, denoted Y, ¢ is zero or non-zero is given, respectively, by:

probf¥i.s=0] = g+ (1- q)e”
(8)
prob[Y.s=a] = (1- Q)%Ti az123 ..

Theterm €; denotes the proportion of zeros and is treated as a latent random variable; ; is the mean
and gtandard deviation of the Poisson digtribution. Theterms e, and ; are conditioned upon vectors of
explanatory variables and parameters to be estimated. Non-negativity of € and ; is ensured by
gpecifying the former as alogidtic transformation of z a and the latter as an exponentid function of x; &,
where z and x; are regressors and & and & are parameters.” The

naturd logarithm of the resulting likelihood function of the ZIP modd is given by:

" However, any vdid cumulative density function may replace the logidtic transformation (e.g.,

the standard norma cumulative dengity leads to the probit mode!).
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Ln(L) = élll(yi = 0) In(exp(za) + exp(- exp(x b))
©)
+@ (1- Uyi= 0)(yxb- exp(xb)) - & In(1+exp(za))

i=1 i=1

where the term 1(y; = 0) isabinary variable taking avaue of oneif Y; is positive and avaue of zero
otherwise. The ZIPis estimated at both the catch and harvest stages of the moddl. Because
expectations of harvest are conditional upon the catch expectations, predicted values of expected catch
obtained at the first stage are substituted for expected catch in the harvest equation estimated at the
second stage. Instrumenta variables methods with count data regression models are presented formaly
in Mullahy (1997). Parameter estimates obtained at both stages are used to generate the individua-
specific expectations of catch and harvest for usein the RUM.

On agiven choice occasion an angler is assumed to sdect the fishery from the set of J
dternatives that maximizes utility. Following from (1), the utility derived by individua i1 from visting
fishery j isgiven by:

(20) Vij = WY -Pjy, i, R, Q) + arJ ujod
The deterministic component of utility, v(.), conasts of income net the codts of traveling to the site (Y, -
P, ), binding regulations a the Site (R), angler characteritics (1;), and fishery atributes (Q ;) induding
catch and harvest expectations. Theterm §; denotes the unobserved, random component of utility.
The probability that angler i sdlectsfishery j isgiven by:
(11) prob[choosej] = prob[ W(Y, - P;, I;, R, Q;) + § >

V(Y - P lis R, Q)+ & a j,foJ, fO;
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Didtributional assumptions about the errors lead to dternative RUMs (e.g., conditiona logit and
multinomia probit). We define the & s asindependent and identicaly distributed type-| extreme
vaue random variables, leading to McFadden’ s conditiona logit modd with closed-form
expressons of the Ste choice probakilities given by:

Vi,j

(12) prob(choosesitej) = — SN T
a e’

j=1

The determinigtic portion of utility, v(.), isexpressed as alinear function of regressors. The

resulting log-likdihood function is given by:

(13) In(L) = aay.(x, -Indep(x, b))
j=1

=1 j=1

where the indicator varidble y; ; takesavaue of 1 if angler i chose dternative and O otherwise. The
likelihood function is maximized with respect to the parameter vector &, and the solution of the resulting
system of firgt order conditions yieds the maximum likelihood estimates.

Three specifications of the indirect utility function are examined. Thefirst (Modd 1) includes
the species-specific expectations of catch and site-specific constants to control for unobserved fishery
attributes. This base mode is most comparable to others gppearing in the literature; however, the
digtinctions are thet 1) expected catch enters at the species level for acollection of species, and ii)
regulations are determinants of expected catch. The second specification (Modd 2) is obtained by
adding to Modd 1 the harvest expectations, conditiona upon the catch expectations. The fina

specification (Modd 3) extends Modd 2 by adding generd, catch, and harvest regulations through
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interactions with individua characteristics.

Edimation Reaults

Wefocus initidly upon the first sage estimation of the joint model of angler expected catch and
expected harvest. For brevity, we report only the coefficient estimates associated with the regulations
variadbles (Table 2). Thefull set of estimation resultsis reported in Appendices B and C. Overdl, six
of the twelve catch and harvest regulations have Satigtically significant effects. For al species at least
one of the two catch regulaionsis satigticaly sgnificant (& = 0.01). However, rdative to unregulated
gtesthe directions of the effects are mixed, suggesting that relatively lower levels of catch need not be
associated regulated fisheries. Congdering the expected harvest modds, the estimated coefficients
indicate in dl casesthat lower levels of harvest are associated with regulated fisheries, however, only in
the case of the trout bag limit is the coefficient Satigticaly sgnificant.

Having estimated the first stage modd of catch and harvest expectations, we proceed to the
second stage RUM of fishery choice. Comparing the three specifications of the indirect utility function
(Table 3), the most szable improvement in fit results from the addition of harvest expectations. Harvest
expectations are included as proportions of expected catch because some of the parameters are
sengtive to the specification in leves (perhaps due to sufficient correlation between some of the catch
and harvest variables). Comparing modds, likelihood ratio tests rgject the restrictionsimplicit in Modd
1 and Modd 2 relative to the unrestricted, heterogenous preference specification (Modd 3) at thea =
0.01 levd. Resultsfrom Modd 3 indicate that angler preferences for regulations may vary szably

within the population as the coefficient estimates on many of the interaction terms are highly significant.
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In severd cases the estimated coefficients are positive, suggesting that relatively greater choice
probabilities are associated with regulated waters for some members of the angler population. An
dternative explanation is that dthough regulations deter particular activities a a Ste, they may not
discourage individuds from vidting the Ste. Hence, in some cases agency objectives underlying the
adaption or amending of regulations may be achieved without Sizable changes in participation.

To summarize, the three key findings arei) in many cases regulaions are sgnificantly related to
catch, harvest and the probability of fishery choice; ii) regulations may be perceived as adesrable
attribute by some members of the population and as obstacles to avoid by others; and iii) like with
expected catch, Site choice probabilities are increasing in expected harvest for dl species (asa
proportion of expected catch). Because non-market values are associated with recregtiona
opportunities, such asfishing and hunting, a natural question follows regarding the welfare effects of
policy changes appearing through amendments to the portfolio of regulations. Weturn to thisissuein

the following section.

V.  Regulations and Recreationist Welfare

In the process of mitigating pressures on resource socks and environmenta quality, amending
or removing exising regulaions or adopting new regulations may influence the benefits derived from
recregtiond uses of public lands and waterways. With recreationd fisheries, the joint mode of
expected catch and harvest coupled with the RUM may be used to estimate the welfare changes
resulting from changes in the portfolio of regulations. Since regulations enter the utility function directly

asfishery characterigtics and indirectly through expectations of catch and harvest, policy may impact
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public welfare in avariety of dimensons.

In exploring the welfare effects of changesin the regulations portfolio, the interests are twofold.
Thefirgt objective is to assess the robustness of the welfare estimates to the aternative RUM
gpecifications. Excluson of regulations, harvest expectations, and angler characteristics from the utility
function may yield biased wdfare esimates from changesin policy variables. Compensating surplus
estimates are obtained for changes in expected catch and expected harvest for coldwater and
warmwater species groups. The second objective is to examine the welfare effects from changesin
generd, catch and harvest regulations. The extent of public pressures relative to management efforts
may lead to the remova of regulations or ingtead to the closure of regulated fisheries. Usng Modd 3
with heterogenous preferences for regulations, compensating surplusis estimated for two scenarios:

remova of individua regulations and Ste closures. The compensating surplus for aregulatory change at
fishery j iscdculated as:

J

J AN

0 _ o . U
Ina €' - Inq e*
U

1 é
(14) CS=-— ¢
bTCe i=1 i=1

wherev;; and v, ; denote the indirect utility before and after the change, respectively, arcis
the parameter on the travel cost variable, and J denotes the full set of dternatives. In the case of
gte closures, J is reduced appropriately.

Condder first the estimated changesin welfare resulting from increases in expected catch and
expected proportion harvested. Although Model 3 outperforms the homogenous preference models for
estimating Ste choice probabilities, the wefare estimates are robust to the specifications of the indirect

utility function. The results dso indicate that incressesin catch of coldwater species are more highly
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vaued by anglers than increases in warmwater species (columns 1 and 3). Relative to expected catch,
increases in expected proportion harvested are highly valued (columns 2 and 4).

The welfare effects of amended regulations are obtained from the estimated heterogenous
preferences modd (Mode 3). Comparing the results within the three categories of regulations, remova
of regulations can lead to improvements or reductions in wefare. Results indicate Szable differencesin
welfare estimates may result when relationships between regulations and expectations of catch and
harvest are not given explicit congderation in the modding (Table 5). On average, the estimated per-
day wdfare effects are rdatively smdl in many cases. However, the Szes of the sandard deviaions
relaive to the means indicates that the wdfare  Aggregating to seasond levels that regulatory changes
may lead to large impacts on individud welfare.

Two conclusonsfollow. Firg, while wdfare losses might at first glance be associated with
congtraints imposed on recreationa uses of natura resources and environmental goods, prudent
management of these resources through systems of regulations may lead to improvements in wefare, a
least for some groups of recreationists. Second, failure to include regulations in the definitions of many
non-market goods or to recognize that preferences for regulations may vary within the population not
only limits the scope of study and but may aso lead to incomplete—and potentidly

mideading—information for policy andyss.

V. Conclusions
Systems of regulations provide agencies with avariety of tools for managing recreetion on

public lands and waterways. With recreationa opportunities on public lands and waterways,
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regulations derive largely from non-economic objectives of state and federd planners. The impacts of
regulations on natura resource socks and environmenta quality may be directly attributed to
regulations effects on individud incentives, qudity expectations and destination choices. In this paper,
we find that fisheries regulations often have large and significant effects on expectations of catch and
harvest and destination choice. As consumer preferences for regulations may vary within the
population, alegitimate question is whether their preferences for regulations are likely to be important
empiricaly. Theresults of this sudy indicate that the inclusion of individua characteristics has a grester
impact on estimates of choice probabilities than of welfare.

As a concluding note, ongoing debates on the use and management of public resources reveds
that an array of congtituents may be impacted by changesin regulatory policy. Further, heterogeneity in
the population’ s preferences may result in regulations being perceived as desirable attributes by some
and obstacles to avoid by others. Therefore, since changes in the natura environment may result in—or
from—changes in regulatory systems, we argue that the definitions of many non-market goods should

be amended gppropriately in future demand and welfare analyses.
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Tablel
Sample Proportions of Regulations Variables

Expected Catch Data Expected Harvest Data RUM Data
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Variables Trout Sdmon Bass Perch Trout Sdmon Bass Perc
Catch Regulations
No live bait 0.13 0.13 0.13 0.13 --- --- ---
Fly fishing only 0.06 0.06 0.06 0.06
Harvest Regulations
Length limit — 0.05 0.01
Bag limit 0.10 0.03
Generd Regulations
No boats —
Boat redtriction
N 692 681 691 686 459 453 460 44
Table2
Zero Inflated Poisson Estimates of Angler Expected Catch and Expected Har vest
Coldwater Species Warmwater Species
Trout Sdmon Perch Bass
Expected Catch
No live bait -0.23™ 0.53" -1.10™ -0.18
(-3.13) (2.39) (-4.34) (-0.92)
Ry fishing only -0.38" 0.74 -0.56 0.94™
(-4.02) (1.23) (-1.10) (2.68)
N 692 681 686 691
Ln(L) -1,420.08 -496.04 1,057.08 -2,084.99
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LR Index 0.50 0.44 0.61 0.44
Expected Harvest
Length limit -0.23 -0.65 --- ---
(1.09) (-0.61)
Bag limit -0.46" -1.07 --- ---
(-2.02) (-0.99)
N 459 453 444 460
Ln(L) -296.87 -180.51 -178.11 -116.54
LR Index 0.43 0.28 0.67 0.39

Note: The full set of estimation results are reported in AppendicesCand D. ***, ** and *

denote significance at the 0.01, 0.05, and 0.10 level, respectively. Numbersin parentheses are z-

SCOres.
Table3
Conditional Logit Estimates of Fishery Choice

N = 45,675 Mode 1 Modd 2 Model 3
Vaiadle Z-score b z-score z-score
Fishery Characterigtics

Travel cost -0.17" -34.89 -017" -33.09 -31.69

Acres 0.08™" 2.99 0.06 1.49 2.20

Elevation 0.34™ 5.10 0.32"" 4.83 1.11
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Depth
Laketype 2
Landing
Nmw land
2W access
4W access

Expected Catch

Sdmon
Trout
Bass

Perch

Expected Portion Harvested

Samon
Trout
Bass
Perch

Generd Regulations
No boats

Motors restriction

Catch Regulations
No live bait

Ry fishing only
Harvest Regulations

Sdmon bag limit

Trout bag limit

Sdmon length limit

0.20
274"
-4.38"™
5.65"
497"
-1.05

097"
1.23™
0.28™"
0.19”

1.49
-3.15
-3.14
4.03
-4.94
-0.79

4.04
12.08
511
2.22

27

-0.02

-3.98™
-3.98™

4737

-4.19™

-0.77

0.43
1.29™
0.24™
0.37"

532"
3.45™
1.33
157"

-0.12
-4.47
-2.83
3.35
-4.10
-0.55

1.72
11.65
4.24
4.07

17.01
11.96
1.52
4.32

-0.28'
557"
-3.557
565"

0.46
-5.15™

0.74™
136"
0.37"
0.37"

588"
319"
2.38"
132"

-1.65
3.42

-1.74
-4.78
-3.02
3.28
0.40
-3.55

2.80
11.48
5.88
3.86

17.35
10.81
243
3.33

-0.96
4.46



Table 3 continued

Trout length limit
Angler-Regulation Interactions
No live bait * Dead bait --- --- --- --- -0.11 -1.95
No live bait * Lures -0.100 -1.88
No live bait * Worms 0.03 0.44
No live bait * Live bait -0.127  -1.83
Hy fishing only * Flies 1.01™" 6.95
Sdmon bag limit * Targeted -4.207  -6.89
Sdmon length limit * Targeted 4397 479
Trout bag limit * Targeted 0.73 1.34
Trout length limit * Targeted 010  0.16
Sdmon bag limit * Recreation -1.68""  -3.18
Sdmon length limit * Recredtion 491 559
Trout bag limit * Recreation 0.21 0.47
Trout length limit * Recregtion -0.54 -0.99
Ln(L) -2,162.79 -1,884.69 -1,770.80
Pseudo R 0.63 0.68 0.70

Note: ***, ** and* denote sgnificance at the 0.01, 0.05, and 0.10 level, respectively.

Table4
Estimated Compensating Surplusper Trip for Increasesin
Angler Expected Catch and Angler Expected Portion Harvested

Coldwater Species Warmwater Species
25% Increase 25% Increase
25% Increase in Catch and 25% Increase in Catch and
in Catch Portion Harvested in Catch Portion Harvested
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Mode 1

Mode 2

Modd 3

$1.02
(1.80)

0.92
(1.90)

0.98
(1.92)

$3.67
(2.43)

3.65
(2.42)

$0.53
(0.69)

0.62
(0.78)

0.75
(1.00)

$1.14
(0.79)

1.28
(0.99)

Note: Standard deviations are reported in parentheses.

Table5
Egtimated Compensating Surplusper Trip from Changesin Regulations

With Changesin Without Changesin Catch
Policy Change Catch or Harvest or Harvest
Cach Regulations
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Removd of No Live Bait Regulation

Removd of Fly Fishing Only Regulation

Harves Regulaions

Remova of Bag Limit Regulations

Removad of Length Limit Regulaions

Closure of Bag Limit Fisheries

Closure of Length Limit Fisheries

Generd Regulations

Remova of No Boats Regulation

Remova of Motors Restriction Regulation

-$0.83
(2.17)

0.22
(1.81)

-1.45
(4.40)

0.10
(0.70)

0.88
(5.00)

0.44
(2.47)

-0.06
(0.60)

0.35
(1.53)

Notes Estimates obtained from Modd 3.
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Appendix A

Summary Statistics and Frequencies of Angler Reported Catch and Harvest

Species N Mean Freguencies 0 1 2 3 4 5 6-10
Samon
Catch 681 0.60 Observed 552 41 35 13 11 11 15
(1.70) Cumuldive 081 087 092 094 09 097 0.99
Harvest 453 0.17 Observed 412 24 10 1 2 2 2
(0.73) Cumuldive 091 09 098 099 099 099 1.00
Trout
Catch 692 191 Observed 544 30 28 13 13 14 25
(9.43) Cumuldive 079 083 087 089 091 093 096
Havest 459 044  Observed 406 16 13 4 7 4 7
(1.77) Cumuldive 088 092 09 09 097 098 0.99
Bass
Catch 691 3.52  Observed 466 46 34 20 15 12 35
(210.97) Cumulative 067 074 079 082 08 08 091
Harvet 460 0.12 Observed 437 10 6 4 0 2 1
(0.65) Cumuldive 095 097 098 099 099 100 1.00
Perch
Catch 686 216 Observed 566 13 13 6 8 16 22
(7.15) Cumuldive 083 084 08 087 08 091 09
Havest 444 041 Observed 427 2 3 1 3 6 5
(2.08) Cumuldive 093 094 09 09 09 097 098
Note: Numbersin parentheses are standard deviations.
Appendix B
Summary Statistics of Independent Variablesin Angler Catch and Harvest Models
Expected Catch Expected Harvest
Samon Trout Bass Perch Samon Trout Bass Perch
Std Sd Sd Sd Std Std Sd Sd

Vaiable Mean Dev. Mean Dev. Mean Dev. Mean Dev. Mean Dev. Mean Dev. Mean Dev. Mean Dev.
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Age 43.59 13.06 43.64 13.0143.64 13.0243.63 12.9342.53 11.8842.48 11.7342.59 11.8542.73 11.77

Made 0.85 0.36 0.84 0.36 0.84 0.36 0.84 0.36 0.86 0.35 0.85 0.35 0.85 0.35 0.85 0.36
Targeted 030 046 037 048 034 047 011 031 --- - == === == = e -
Expert 013 033 013 033 013 033 013 033 --- == == == e e e e
Beginner 003 017 003 017 003 0.17 003 017 --- == === === == e e e
Flies 404 344 403 345 404 345 404 344 - - e e e e e e
Lures 486 324 487 325 486 325 488 325 - - aem e e e e e
Dead bait 110 1.96 1.09 1.95 109 1.95 109 195 --- - == o= o o -
Worms 336 3.08 333 308 333 308 333 308 --- - = mem em e eem e
Live bait 175 234 176 236 177 236 175 234 --- = = oem e e e e
Acres 514 11.90 532 1220 531 1221 536 1224 --- = == o= —em e —em e
Depth 280 250 283 254 284 254 285 254 - o= com eem emm eem e -
Elevation 534 446 533 444 533 444 532 442 - - oo e e e e e
Lake type 2 0.32 047 032 047 032 047 032 047 --- == == —mm e e e e
Landing 079 041 079 041 079 041 079 041 --- == - == oo e e

Speciesnot present 049 050 023 042 055 050 038 049 --- - == = —m e eem e
Speciesnot abundant  0.10 031 037 048 002 0.13 017 038 --- --- - === = - - -

No live bait 013 034 013 034 013 034 013 034 - - - —m e e e e
Hy fishing only 006 024 006 023 006 023 006 023 --- - - == = == - -
Nmw land 003 017 003 017 003 017 --- - === === == eem eem e e -
Bag limit - == == === == ——= - - 003 017 010 029 --- - - -
Length limit -- == == —= -e= -—— - - 001 011 005 021 --- - - -
Recreation - - == = - - - - 048 050 048 050 048 050 048 050
Catch & Release -- e e e e - - - 740 233 7.39 233 7.38 233 7.37 233
Predicted Catch == == == - ee- e— - - 060 085 150 228 4.03 496 217 241
N 681 692 691 686 453 459 460 444
Appendix C

Zero-Inflated Poisson Estimates of Angler Expected Catch

Samon Trout Bass Perch

Edimae z-score Edimate z-score Edimate z-score Edimae z-score

Age 0.005 097 0005° 201 -0.027 -11.99 0.004° 2.09
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Made -052" 271 0247 191 078" 6.47 0.21" 211
Expert -0.04 -028 078" 1101 0677 1236 0527 5.15
Beginner -1.677  -255 -067 -1.73 041" 2.69 -0.14 -0.73
Hies -0.01 -051 -0.03" -237 -005" -501 -0.06" -5.02
Lures -0.02 -0.72  -0.07" -4.84 -0.01 -1.35 -0.06"" -5.29
Dead bait 0.01 0.51 -0.03 -1.54 -0.03 -1.76 0.03 147
Worms 0.01 0.02 0.01 082 -010" -8.88 -0.01 -0.47
Live bait -0.02 -095 -0.05" -231 0.03" 212 -0.04" -242
Acres 0.01" 192 -0.03" -295 0.01 0.87 0.03™ 5.74
Depth 0.06™" 272 -023" -7.04 -013" -6.09 -0.147 -6.90
Elevation -0.04° -1.82 0.01 1.07 0.001 0.06 0.03” 2.25
Laketype 2 0.02 0.09 -038" -546 -028" -6.25 -0.02 -0.27
Landing -0.31 -1.64 -024" -362 0667 8.50 0.62"™ 5.62
Nmw land -0.32 -059 -053" -3.74 -1.16 -171 --- ---
No live bait 0.53" 239 -023" -313 -0.18 -0.92 -1107 -4.34
Hy fishing only 0.74 123 -038" -4.02 094 2.68 -0.56 -1.10
Congtant 1.49™ 3.66 278" 1294 2787 1443 22277 1144
Targeted -225" 769 -1.867 -7.21 -2707 -1244 -1627° -5.80
Not present 170" 4.48 161" 409 1137 5.15 2.27" 6.17
Not abundant 0.53™ 1.26 1.66™ 5.52 1.35 1.70 141" 391
Congtant 1.89™ 6.98 153" 6.36 1.28" 6.85 1.10™ 7.49
N 681 692 691 686
Ln(L) -496.04 -1,420.08 -2,084.99 -1,057.08

Note: *** ** and** denote sgnificance at the 0.01, 0.05, and 0.10 levd, respectively.

Appendix D

Zero Inflated Poisson Estimates of Angler Expected Harvest
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Sdmon

Edimae z-score

Trout

Edimae z-score

Bass

Perch

Edimae z-score Edimae z-score

E(Catch) 0.40” 1.99 0.05™ 1.75 0.13™ 2.59 0.07" 2.30
Age 0.03 1.74 0.01 0.97 0.01 0.57 0.002 0.42
Made 1.28" 2.20 0.37 1.00 0.81 1.26 -0.22 -1.02
Release -0.18"" -290 -0.15" -3.61 0.12 1.67 -0.01 -0.41
frequency

Length limit -0.65 -0.61 0.23 1.09 --- - --- ---
Bag limit -1.07 -0.99 -046" -2.01 --- - --- ---
Congant -1.82 -1.85 1.23" 201 -2.047 -197 1747 4.61
Always C&R 0.98™ 2.24 0.99™ 2.94 2.65" 3.49 138" 2.71
Congant 1.02" 3.43 1.49™ 7.94 1.83" 6.01 235" 10.02
N 453 459 460 444

Ln(L) -180.51 -296.87 -116.54 -178.11

Note: *** ** and** denote sgnificance at the 0.01, 0.05, and 0.10 leve, respectively.



