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The use of public lands and waterways is often subject to environmental regulations designed to limit
the depletion of resource stocks. Such regulations may influence expectations of quality, destination
choice, and consumer surplus. This paper examines the effects of environmental regulations on recre-
ational anglers. The empirical application develops a joint model of expected catch and expected
harvest in conjunction with a random utility model of site choice. Findings for Maine anglers indicate
that regulations have sizable effects on catch and harvest, site choice, and welfare.
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The use of public lands and waterways is of-
ten subject to environmental regulations de-
signed to limit the depletion of resource stocks.
A prevalent example with international sig-
nificance is the regulation of commercial and
recreational fishing. Regulations such as quo-
tas and gear restrictions are adopted by agen-
cies to correct or deter excessive stock deple-
tion and derive largely from biological, rather
than economic, objectives. Regardless of the
objectives guiding regulators and of whether
commercial or recreational fishing is of inter-
est, variation in the stringency of regulations
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over species and geographic areas may influ-
ence expectations of the variety and quan-
tity of species to catch and harvest and the
choice of site to access. Further, changes in the
mixture of regulations may impact the bene-
fits derived from commercial and recreational
fishing.

Fishing regulations affect resource stocks by
altering the quantities caught and harvested.
While the regulation of commercial fishing has
received considerable attention, the economic
consequences of regulations imposed upon
recreational fishing remain underinvestigated
despite the allocation of sizable resources to
agencies to manage marine and freshwater
stocks. Typically, regulations are readily ob-
served site attributes—by recreationists and
researchers—thus lending themselves natu-
rally to inclusion in models of recreation de-
mand. Considering the attention given in the
literature to nonmarket demand and benefits
estimation and ongoing debates on the use and
management of public lands and waterways,
the limited attention given conceptually and
empirically to regulations is surprising. There-
fore, as light is only beginning to be cast upon
the implications of environmental regulations
for consumers, in general, and recreationists,
in particular, we tackle the issue in the context
of recreational fishing.

The paper is organized as follows. In the
next section we develop a model of a utility-
maximizing consumer confronting a choice set

Amer. J. Agr. Econ. 86(4) (November 2004): 963–974
Copyright 2004 American Agricultural Economics Association



964 November 2004 Amer. J. Agr. Econ.

comprised of regulated and unregulated alter-
natives. Regulations enter the indirect utility
function directly as attributes of the destina-
tions and indirectly through individual expec-
tations of quality, such as anticipated numbers
of fish caught and harvested. In the section
“Models of Regulated Site Choice” a joint
model of expected catch, expected harvest, and
site choice is estimated for Maine freshwater
anglers. Our approach is consistent with the
structure of many systems of recreational regu-
lations. First, because regulations may vary be-
tween species, catch and harvest expectations
are modeled for a collection of species. Second,
because certain regulations target catch and
others target harvest and considering the de-
pendence of harvest upon catch, angler expec-
tations of catch and harvest are jointly mod-
eled. The approach also permits the effects
of catch and harvest determinants to vary be-
tween species and catch and harvest expecta-
tions to enter demand models in a variety of
ways. Welfare estimates from amendments to
the regulations portfolio and the policy impli-
cations of the results are discussed in the sec-
tion “Models of Regulated Site Choice.” The
last section concludes.

Regulating Recreationists

Perhaps the earliest instrument to be exten-
sively used to regulate recreation on pub-
lic lands and waterways was restricting hunt-
ing and fishing privileges to license holders.
Licensing provides managing agencies with
a simple means of monitoring public pres-
sures on the natural environment. For many
recreational activities, including fishing and
hunting, river rafting, hiking, site seeing, and
camping, unlimited numbers of licenses are
available. Alternatively, when quotas limit the
number of licenses issued, access may be ra-
tioned by lottery, queue, or auction. In ad-
dition to granting access, licenses commonly
restrict the activities in which the public may
engage.

Although the objectives and constraints fac-
ing regulators may differ between jurisdictions,
similarities exist in the types of regulations that
agencies adopt. We categorize regulations into
three groups and discuss them in a recreational
fishing context. General regulations do not tar-
get angler catch or harvest, but instead restrict
the activities of all types of recreationists; ex-
amples include restrictions on boat use and

vehicle access. Alternatively, catch and har-
vest regulations target anglers. Catch regula-
tions are designed to influence the likelihood
of catching fish in order to reduce the occur-
rence of “hooking mortality” and other forms
of premature death, yet they do not target par-
ticular species; examples include restrictions
on the types of gear and bait that may be used
and the number of lines that one may have
simultaneously in the water. In a production
context, catch regulations dictate the use of
relatively inefficient inputs since a given quan-
tity of regulated inputs (e.g., capital and time)
yields lower outputs (i.e., catch and harvest)
than is produced with a comparable amount of
unregulated inputs (see Karpoff and Wilen for
discussion of such catch regulations in the case
of commercial fishing). Unlike general regula-
tions and catch regulations, harvest regulations
target particular species. Bag limits and length
restrictions are harvest regulations commonly
used to restrict, respectively, the numbers and
sizes of fish that may be kept.1

When coupled with monitoring and suffi-
ciently stringent penalties, regulations may in-
fluence individual behavior; and to the extent
that regulations affect resource stocks, they
may also signal site quality to the angler. Con-
sidering the regulations taxonomy discussed
above, in a recreation demand framework reg-
ulations appear in the recreationist’s utility-
maximization problem directly as site char-
acteristics and indirectly through catch and
harvest expectations.

The Behavioral Model

License-holding anglers are assumed to have
access to J sites (e.g., lakes and streams) that
are characterized by a vector Q of natural and
man-made attributes of the sites and general,
catch, and harvest regulations denoted by R.
On a given occasion, an angler may access a
single site j ∈ J to catch fish, some of which
might be kept (i.e., harvested). Subject to
budget and harvest constraints, the individual
maximizes utility defined over the quantity of

1 It is important to note that, in contrast to recreational fishing,
the distinction between catch and harvest is often ambiguous with
recreational hunting as a catch usually implies a harvest. Further,
managing agencies often restrict catch—and thus harvest—to a sin-
gle unit over a season or even a lifetime as stock regeneration with
terrestrial species may occur at a slower rate relative to aquatic
species. The modeling implication is that expected harvest will en-
ter the recreationist’s utility function as a probability.
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fish caught (C) and harvested (H), a composite
numeraire good (K), attributes of the sites, and
catch and harvest regulations. Formally, the an-
gler’s maximization problem conditional on a
trip to site j is represented as

max
Hj

U(C j , Hj , I − Pj , Q j , R j )

subject to Hj ≤ H̄ j

(1)

where I and Pj are, respectively, income and
the implicit price of site access (e.g., travel
costs and license fees), and I − Pj defines the
quantity of the numeraire good consumed. H̄ j
bounds harvest from above: it may simply be
equal to the quantity caught or be strictly less
than the quantity caught if harvest regulations
are in effect.

When an angler makes the site choice
decision, the catch—and, hence, the utility-
maximizing harvest—are unknown. We as-
sume the angler has prior information about
the catch distribution at each site and denote as
f j(C) the discrete probability density defined
over integers ranging from 0 to C̄ j , an upper
limit on catch (e.g., the stock of fish at site j).
The optimal harvest for each possible catch is
determined according to the harvest function

H∗
j (C j , H̄ j )

= argmax
H

U(C j , Hj , I − Pj , Q j , R j )

subject to Hj ≤ H̄ j .

(2)

Then, expected utility at site j may be com-
puted as

EU j =
C̄ j∑

C=0

U
(
C j , H∗

j (C j , H̄ j ),

I − Pj , Q j , R j
)

f j (C).

(3)

A risk-neutral angler is concerned only with
the expected values of random variables, in this
case catch and optimal harvest. For the risk-
neutral angler, it follows that

EU j = U(EC j , EH j , I − Pj , Q j , R j ).(4)

As the catch and harvest expectations are
individual-specific site attributes, the angler’s
site choice problem may be rewritten in the
conventional way in terms of indirect utility:

max
j∈J

V (EC j , EH j , I − Pj , Q j , R j )(5)

where EHj is the expected optimal harvest.

Changes in policy affecting resource-based
recreation generally appear through the port-
folio of regulations (Rj) faced by the recre-
ationist. Amendments to general regulations
impact all recreationists. For example, the im-
position of regulations on boat use constrains
the boater population, which is comprised of
anglers and nonanglers. Further, changes in
boater behavior may affect the recreational ex-
perience of nonboaters. The compensating sur-
plus (CS) from a change in a general regulation
at site j is given by

V
(
EC j , EH j , I − Pj , Q j , R0

j

)
= V

(
EC j , EH j , I − Pj − CS, Q j , R1

j

)
.

(6)

The superscripts distinguish the status quo
portfolio of regulations (0) from the amended
portfolio (1). The compensating surplus is the
incremental income that maintains the indi-
vidual at the original utility level. If changes
in general regulations increase (reduce) utility,
then all else being constant, the welfare change
and CS are positive (negative). As with general
regulations, changes in catch and harvest regu-
lations directly affect utility through Rj, but the
changes also affect utility indirectly through
the catch and harvest expectations. From (5),
the CS for a change in catch or harvest regula-
tions at site j may be represented:

V
(
EC 0

j , EH 0
j , I − Pj , Q j , R0

j

)
= V

(
EC1

j , EH1
j , I − Pj − CS, Q j , R1

j

)
.

(7)

If the policy change is associated with lower
(greater) levels of catch or harvest and, all
else being constant, is undesirable (desirable)
relative to the status quo, then welfare is re-
duced (increased) and CS is negative (posi-
tive). Alternatively, the sign of CS may be am-
biguous if the direction of the effects on utility
differ.

Because consumer preferences and expec-
tations of site quality may vary within the pop-
ulation, the implications of regulations for de-
mand and welfare are open empirical issues.
The following two sections explore, respec-
tively, the demand and welfare effects of reg-
ulations with a rich survey data set comprised
of Maine angler site choices, regulations, and
catch and harvest of a variety of species. While
examining recreationist preferences for regu-
lations is of particular interest, we develop a
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joint model of species-specific catch and har-
vest expectations for completeness.

Models of Regulated Site Choice

Discrete choice random utility models
(RUMs) have emerged as the preferred statis-
tical tool for nonmarket demand and ben-
efits analysis, and recreational fishing is no
exception. Notable attention has been given
to estimating RUMs with individual-specific
catch expectations because the quantity
and variety of species to catch are natural
indicators of site quality (McConnell, Strand,
and Blake-Hedges; Hausman, Leonard, and
McFadden; Morey and Waldman 1998, 2000;
Train, McFadden, and Johnson).

Angler-specific catch expectations com-
monly appear in recreation demand studies in
one of the two fashions: at the species level
(e.g., Atlantic Salmon) or as an aggregate of
multiple species. While data limitations may
necessitate the use of aggregate models of ex-
pected catch, species level modeling avoids
biases associated with aggregated data and al-
lows species-specific marginal effects to be esti-
mated.2 However, studies that employ species-
level data have frequently used only a single
species of fish despite the common presence of
a variety of species in public waters. In this case,
relevant explanatory variables may be omitted
and other biases introduced in the process.

Although aggregate models of expected
catch may suffer from aggregation biases, they
involve multiple species. But, while species-
level models may overcome the limitations of
models that employ aggregate data, omitted
variables bias may contaminate the results if
expected catch is limited to a single species.
The solution to the dilemma is to include catch
expectations for a variety of individual species.
A similar argument may be made with respect
to the harvest expectations. Moreover, the de-
pendence of harvest upon catch necessitates
joint modeling of the process.

The Modeling Approach

Models of species-specific expected catch and
expected harvest and the probability of site

2 Biases may still result despite species-level modeling. For ex-
ample, the survey instrument may elicit catch at a site over a season
rather than per trip, yielding aggregates by species. Alternatively,
catch data obtained on a per-trip basis are often limited to only
part of a season, leading to possible biases when aggregating to
seasonal or annual levels.

choice are sequentially estimated by maxi-
mum likelihood. Estimation involves the fol-
lowings steps. First, a joint model of expected
catch and expected harvest is estimated sep-
arately for four species of fish: the coldwater
species, landlocked salmon and brook trout;
and the warmwater species, striped bass and
white perch. As quantities caught and har-
vested are nonnegative integers and the lat-
ter is dependent upon the former, a two-stage
quasi-maximum likelihood (2SQML) count
data estimator is used to model reported catch
and harvest (see Cameron and Trivedi for
background on count data models and Mul-
lahy for details on 2SQML). Estimated zero-
inflated Poisson (ZIP) models are used to gen-
erate catch and harvest expectations at the
lakes and ponds comprising angler choice sets.3
At the second stage, RUMs of site choice
are estimated conditional upon the first stage
estimates.

With the ZIP, the probability that angler i’s
catch (or harvest) at site j of species s, denoted
by Yi,j,s, is either zero or a positive integer is
given, respectively, by

prob[Yi, j,s = 0]
= �i, j,s + (1 − �i, j,s)e−�i, j,s

prob[Yi, j,s = a]

= (1 − �i, j,s)
e−�i, j,s �a

i, j,s

a!

a = 1, 2, 3, . . .

(8)

The term �i,j,s denotes the proportion of zeros
and is treated as a latent random variable, and
�i,j,s is the mean and variance of the Poisson
distribution. Both are conditioned upon ex-
planatory variables and parameters to be es-
timated. Defining zi,j,s and xi,j,s as vectors of
regressors and � and � as parameter vectors,
nonnegativity of �i,j,s and �i,j,s is ensured by
specifying the former as a logistic transforma-
tion of z′

i, j,s� and the latter as an exponential
function of x′

i, j,s�.4 The log-likelihood function

3 Several models were initially examined, including the Poisson
and negative binomial (type II) models and zero-inflated versions
of the Poisson and negative binomial models. The zero-inflated
models accommodate frequencies of zeros exceeding those at-
tributable to the underlying distributions by modeling the prob-
ability of a positive outcome and allow the effects of regulations
to be measured. The ZIP is selected as the zero-inflated negative
binomial failed to converge in all cases, and it outperformed the
standard Poisson and negative binomial models.

4 However, any valid cumulative density function may replace
the logistic transformation (e.g., the standard normal cumulative
density leads to the probit model).
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of the ZIP model is

ln(L) =
n∑

i=1

1(yi, j,s = 0) ln(exp(z′
i, j,s�)

+ exp(− exp(x ′
i, j,s�)))

+
n∑

i=1

(1 − 1(yi, j,s = 0))

× (yi, j,s x ′
i, j,s� − exp(x ′

i, j,s�))

−
n∑

i=1

ln(1 + exp(z′
i, j,s�))

(9)

where the term 1(yi,j,s = 0) is a binary vari-
able that takes a value of 1 if yi,j,s is 0 and a
value of 0 otherwise, and n is the total number
of angler/site combinations. Predicted values
obtained from the fitted models of catch are
substituted into the harvest models for estima-
tion.5 Species-specific catch and harvest expec-
tations may then be generated for individual
anglers from the estimated models for the sec-
ond stage analysis of site choice.

For the estimation of the site choice models,
angler i’s indirect utility function is expressed
as the sum of deterministic and random
components:

Vi, j = v(ECi, j , EHi, j , Ii − Pi, j ,

Q j , R j , Ai ) + εi, j ∀ j ∈ J.

(10)

The deterministic component of utility, v(·), is
a function of expected catch and expected har-
vest, net income, the implicit price of accessing
the site (e.g., travel cost and the opportunity
cost of time), natural and man-made attributes
of the site, and angler characteristics (Ai). The
term εj,i is the utility component that is unob-
served by the researcher, but which is assumed
to have a known distribution. The probability
that angler i selects site j from the set of J sites

5 Using (2) and the catch distribution f j (C) for site j, the expected
harvest is computed as EH j = ∑C̄ j

C=0 H∗
j (C j , H̄j ) f j (C). One ap-

proach for generating expected harvest is to model the observed
harvest as a function of observed catch and then compute the ex-
pectation of harvest as above, where f j(C) is derived from the
observed catch. However, in most cases we have too few observa-
tions to reliably estimate f j(C) for individual sites and species. A
feasible alternative is to specify harvest as a function of expected
catch, where the latter is derived from the entire sample of catch
observations.

may then be written as

prob(choose j)

= prob[v(ECi, j , E Hi, j , Ii − Pi, j ,

Q j , R j , Ai ) + εi, j

≥ v(ECi, f , E Hi, f , Ii − Pi, f ,

Q f , R f , Ai ) + εi, f ]

∀ j, f ∈ J ; j = f.

(11)

Distributional assumptions about the random
component lead to alternative RUMs. We
adopt McFadden’s conditional logit model,
which results from assuming the ε’s are i.i.d.
type-I extreme value. Expression (11) may
then be written in closed-form as

prob(choose j) = evi, j∑J
j=1 evi, j

∀ j ∈ J.(12)

The deterministic utility component is ex-
pressed as a linear function of regressors (xi,j)
and parameters (�). The resulting conditional
logit log-likelihood function is written as

ln(L) =
I∑

i=1

J∑
j=1

yi, j

×
(

x ′
i, j � − ln

J∑
j=1

exp(x ′
i, j �)

)
(13)

where the variable yi,j takes a value of 1 if in-
dividual i selects site j and is 0 otherwise. Max-
imizing (13) with respect to � yields the maxi-
mum likelihood estimates.

The Data

A rich data set obtained from initial and
follow-up surveys of freshwater anglers in
Maine is employed (see MacDonald, Boyle,
and Fenderson for detailed discussion of the
surveys and data). The surveys elicited angler
preferences for various regulations-related in-
puts to catching fish, the sites visited, catch and
harvest of ten species of fish, targeting of the
species at the sites, and socioeconomic charac-
teristics. The sample contains 164 Maine res-
idents who took 1,827 single-day trips to 290
lakes and ponds. The four species of fish in-
cluded in the analysis (salmon, trout, bass, and
perch) comprise the bulk of reported catch and
harvest.

The general, catch, and harvest regulations
were identified from the handbook of fish-
ing regulations given to anglers at the time of
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Table 1. Sample Proportions of Regulations Variables

Expected Expected Site
Catch Models Harvest Models Choice Models

Variables Salmon Trout Bass Perch Salmon Trout Bass Perch Salmon Trout

Catch regulations
No Live Bait 0.13 0.13 0.14 0.13 – – – – 0.14 0.14
Fly Fishing Only 0.06 0.06 0.06 0.06 – – – – 0.07 0.07

Harvest regulations
Bag Limit – – – – 0.10 0.03 – – 0.03 0.11
Length Limit – – – – 0.05 0.01 – – 0.01 0.06

General regulations
Motor Limit – – – – – – – – 0.01 0.01
No Motorboats – – – – – – – – 0.02 0.02

Sample size (N) 683 692 664 686 454 461 435 457 529,830

license purchase and available online through
the managing agency’s website. The regula-
tions had a long-standing history at the time
the surveys were conducted.6 In all cases the
regulations are defined as dummy variables
(table 1). The catch regulations include restric-
tions on the use of particular types of gear (Fly
Fishing Only) and bait (No Live Bait). These
enter the ZIP models and the RUMs through
interactions with angler characteristics associ-
ated with catching fish. For inclusion in the
RUMs, No Live Bait is interacted with the vari-
ables Lures, Worms, Dead Bait, and Live Bait,
which measure the frequency of angler use of
specific types of bait and tackle. Similarly, the
regulation Fly Fishing Only is interacted with
Flies, a scale variable measuring the frequency
of angler use of fly-fishing gear and tackle. Re-
sponses were elicited through questions in the
follow-up survey of the general form, “How of-
ten do you use [gear or bait/tackle type] when
fishing?” Response scales for the five catch-
related angler characteristics ranged from 1
(never) to 11 (always).

The harvest regulations include bag lim-
its and length limits on salmon and trout.
These enter the expected harvest equations as
dummy variables and the RUMs through inter-
actions with five variables reflecting harvest-
related angler characteristics. Four are indi-
cators of whether the species were targeted
on the choice occasion; the variables (named
Targeted) take a value of 1 if the angler tar-
geted the species, and a value of −1 otherwise.

6 All of the regulations were in place for at least two years prior to
the survey period, mitigating concern over potential simultaneity
of regulations and catch and harvest rates.

The fifth variable, Recreation, is equal to 1
if the angler reported fishing solely for recre-
ation, and is equal to −1 otherwise. The coding
of Targeted and Recreation is used because the
regulations are also binary, in which case stan-
dard zero-one coding leads to base cases (i.e.,
zeros) that reflect multiple outcomes.

Lastly, the general regulations at the sites
include two restrictions on boat use (No
Motorboats and Motor Limit). Similarly to the
catch and harvest regulations, the general reg-
ulations enter the RUMs through interactions
with angler characteristics. As the follow-up
survey did not elicit information directly re-
lated to the general regulations, we use the
variables Age and Male for the interactions;
and because the general regulations do not tar-
get catch or harvest, they are excluded from the
respective ZIP models.

Estimation Results

We focus initially upon the first-stage ZIP mod-
els of expected catch and expected harvest for
the four species of fish (table 2). For brevity, at-
tention is limited to the catch and harvest reg-
ulations. Considering the catch regulations, No
Live Bait has a significant effect on catch; how-
ever, the directions of the effects differ across
species. In contrast, Fly Fishing Only is sig-
nificant in only one of the four cases (bass).
As with the quantity caught, the regulations
have mixed effects on the probability of catch-
ing fish. Considering the harvest equations, no
significant difference in the quantity harvested
is found between regulated and unregulated
sites for either species; however, the probabil-
ity of a positive harvest of trout is significantly
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Table 2. Zero-Inflated Poisson Estimates of Expected Catch and Expected Harvest

Salmon Trout Bass Perch

Angler catch
Modified Poisson

No Live Bait 0.53∗∗ −0.38∗∗∗ 0.57∗∗∗ −1.09∗∗∗

(0.23) (0.08) (0.21) (0.25)
Fly Fishing Only 0.42 −0.06 1.82∗∗∗ −0.54

(0.55) (0.10) (0.42) (0.51)
Logit model of positive catch

No Live Bait −0.12 −0.45 0.88∗ 0.32
(0.38) (0.31) (0.48) (0.59)

Fly Fishing Only 1.03 −0.91∗∗ 1.78∗ 0.42
(0.84) (0.41) (1.05) (1.09)

Sample size 683 692 664 686
ln(Lmax) −501.84 −949.03 −880.94 −1,041.14
ln(L0) −935.03 −2,837.49 −1,807.93 −2,700.14

Angler harvest
Modified Poisson

Length Limit −1.03 0.18 – –
(1.40) (0.21)

Bag Limit −1.97 −0.36 – –
(1.65) (0.23)

Logit model of positive harvest
Length Limit −2.20 −1.07∗∗ – –

(3.22) (0.55)
Bag Limit −2.25 −0.95∗∗ – –

(5.02) (0.45)
Sample size (N) 454 461 435 457
ln(Lmax) −181.25 −291.05 −100.04 −239.93
ln(L0) −251.94 −766.84 −156.27 −765.06

Notes: Variable definitions and summary statistics and the full set of estimation results are available in appendix. ∗∗∗ , ∗∗ , and ∗ denote significance at the 0.01,
0.05, and 0.10 levels, respectively. Standards errors are reported in parentheses.

lower at sites with either a bag limit or length
limit.

Conditional upon the estimated ZIP models,
the second stage RUMs of site choice are esti-
mated with the catch and harvest regulations
included in the ZIP models and with the regu-
lations excluded from the ZIP models for com-
parison. Several specifications of the indirect
utility function, v(·), were examined. Results
are reported here from the “classic” hetero-
geneity specification, which includes regula-
tions through multiplicative interactions with
angler characteristics (see Swallow et al. and
Morey and Greer-Rossmann).7 Expected har-

7 The other specifications included (a) travel cost, expected
catch, and site-specific constants and (b) travel cost, expected catch,
expected harvest, and site-specific constants. Both were rejected by
likelihood ratio tests relative to the classic heterogeneity specifica-
tion. An alternative for accommodating heterogenous preferences
is a random parameters model (Train), which accounts for unob-
served heterogeneity at the individual or group level. The classic
and random parameters approaches may also be combined (Morey

vests appear as proportions of expected catch
as some of the coefficients are sensitive to spec-
ification in levels.

Estimation results indicate that the catch
and harvest parameters are more sensitive
to the specification of the catch and harvest
equations than to the indirect utility function.
With regulations included in the ZIP models,
the probability of site choice is found to be
increasing significantly in the catch and har-
vest expectations (table 3). But, with regula-
tions excluded from the ZIP models, the Bass
and Perch coefficients become insignificant,
and the harvest expectations have a noticeable
change in sign in all cases but Trout. Compar-
ing estimates across species, the effects of unit
increases in catch and proportions harvested

and Greer-Rossmann). While flexible, random parameters models
require distributional assumptions to be imposed upon the unob-
served heterogeneity. Consistency of the parameter estimates is
also a concern as the number of random parameters rises.
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Table 3. Conditional Logit Estimates of Angler Site Choice
Indirect Utility Parameters Indirect Utility Parameters

with Regulations in the without Regulations in the
Variable (N = 529,830) Catch and Harvest Models Catch and Harvest Models

Travel cost −0.21∗∗∗ −0.21∗∗∗
(0.01) (0.01)

Expected catch
Salmon 2.43∗∗∗ 3.42∗∗∗

(0.19) (0.22)
Trout 0.40∗∗∗ 0.46∗∗∗

(0.05) (0.05)
Bass 0.23∗∗∗ 0.05

(0.06) (0.06)
Perch 0.04∗ −0.01

(0.02) (0.02)
Expected proportion harvested

Salmon 1.06∗∗∗ 0.45∗
(0.26) (0.26)

Trout 0.59∗∗∗ 0.68∗∗∗
(0.18) (0.19)

Bass 1.00∗∗∗ 0.53
(0.37) (0.36)

Perch 0.60∗∗ 2.05∗∗∗
(0.28) (0.31)

Catch regulation interactions
Fly Fishing Only × Flies 0.57∗∗∗ 0.51∗∗∗

(0.13) (0.12)
No Live Bait × Dead Bait 0.12∗∗∗ 0.14∗∗∗

(0.04) (0.04)
No Live Bait × Lures −0.15∗∗∗ −0.17∗∗∗

(0.03) (0.03)
No Live Bait × Worms −0.04 −0.07∗

(0.04) (0.04)
No Live Bait × Live Bait −0.05 −0.04

(0.05) (0.05)
Harvest regulation interactions

Salmon Bag Limit × Targeted −0.97∗∗∗ −1.05∗∗∗
(0.23) (0.23)

Salmon Bag Limit × Recreation −0.11 −0.08
(0.18) (0.18)

Salmon Length Limit × Targeted 1.52∗∗∗ 1.47∗∗∗
(0.35) (0.33)

Salmon Length Limit × Recreation 0.90∗∗∗ 0.98∗∗∗
(0.28) (0.28)

Trout Bag Limit × Targeted 0.99∗∗∗ 0.97∗∗∗
(0.18) (0.18)

Trout Bag Limit × Recreation −0.11 −0.10
(0.15) (0.15)

Trout Length Limit × Targeted 0.85∗∗∗ 0.75∗∗∗
(0.21) (0.22)

Trout Length Limit × Recreation −0.07 −0.23
(0.19) (0.19)

General regulation interactions
Motor Limit × Male 11.01∗∗∗ 10.95∗∗∗

(0.72) (0.72)
Motor Limit × Age −0.05∗∗∗ −0.05∗∗∗

(0.01) (0.01)
No Motorboats × Male 10.85∗∗∗ 10.66∗∗∗

(1.95) (1.95)
No Motorboats × Age 0.00 0.00

(0.02) (0.02)
Alternative-specific constants

% significant coefficients out of 289 55.4 48.4
(p-value < 0.05)

ln(L) −5,928.87 −5,849.41
Pseudo-R2 0.43 0.44

Notes: The estimated site-specific constants are available in an appendix. ∗∗∗ , ∗∗ , and ∗ denote significance at the 0.01, 0.05, and 0.10 levels, respectively.
Standard errors are reported in parentheses.
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on utility are the greatest with Salmon and the
least with Perch.

In contrast to the expected catch and ex-
pected harvest variables, the coefficients on
the interaction variables combining regula-
tions and angler characteristics are robust to
the specification of the first-stage catch and
harvest equations. Results indicate that pref-
erences for regulations vary sizably across the
sample of anglers. However, greater choice
probabilities are associated with all three cat-
egories of regulations. Thus, to the extent that
anglers heed the regulations, it follows that
while the regulations may deter recreation-
ists from undertaking particular activities, they
may not discourage visitation; and as a result,
agency objectives underlying adoption of new
regulations or alteration of existing regulations
may be achievable without having a negative
impact on visitation.

In fact, some recreationists may prefer sites
with particular regulations in place. As an ex-
ample, while sites with the catch regulation Fly
Fishing Only have a greater probability of be-
ing chosen relative to sites without the regu-
lation, all else being constant, the probability
of choosing such a site increases with the fre-
quency of angler’s use of fly-fishing gear and
tackle (Flies). Similar findings also hold for all
but one of the significant harvest regulation in-
teractions (Salmon Bag Limit × Targeted) and
for one of the four general regulation interac-
tions (Motor Limit × Age). Lastly, about half
of the 289 site-specific constants are statisti-
cally significant (p < 0.05) in both cases.

In summary, the results indicate that (a) sev-
eral of the fishing regulations are significantly
related to catch, harvest, and the probability
of site choice; (b) regulations on recreational
activities may be perceived as desirable at-
tributes by some recreationists and as obstacles
to be avoided by others; and (c) inclusion of
regulations in models of expected catch and ex-
pected harvest may improve the performance
of individual variables and the overall fit of
recreation demand models. Because nonmar-
ket values are attached to recreational oppor-
tunities, a natural question follows regarding
the welfare effects of policy amendments ap-
pearing in the form of regulatory changes.

Regulations and Recreationist Welfare

In the process of mitigating pressures on the
natural environment by altering or removing
existing regulations or imposing new regula-

tions, resource management agencies can influ-
ence the nonmarket benefits derived from ac-
cess to public lands and waterways. With con-
sumptive use recreation, such as fishing and
hunting, regulations enter the recreationist’s
indirect utility function directly as site charac-
teristics and indirectly through expectations of
quality, such as the quantities of fish expected
to be caught and harvested. The expected catch
and harvest models coupled with the RUMs
may be used to measure welfare changes re-
sulting from changes in fishing regulations.

In exploring the welfare effects of changes
in fishing regulations, the interests are twofold.
The first objective is to measure the benefits
of increasing expected catch. While changes
in catch may be the product of regulatory
change, their effects are examined separately.
Changes in expected catch for the coldwater
group (salmon and trout) and the warmwater
group (bass and perch) are evaluated. The sec-
ond, and primary, objective is to measure the
welfare effects of changes in general, catch,
and harvest regulations. As public pressures
relative to management efforts may lead to
the removal of regulations at some or all of
the sites, or instead to the closure of regulated
sites, the heterogenous preference specifica-
tions of indirect utility may be used for esti-
mating welfare changes across angler groups
for the two contrasting scenarios. Similar to
the RUM analysis (table 3), the estimated wel-
fare changes are compared with regulations in-
cluded and excluded from the ZIP models of
expected catch and expected harvest.

In all cases, the compensating surplus (CS)
derived by individual i from a change in a char-
acteristic of site j is calculated as

CS = − 1
� T C

[
ln

J∑
i=1

ev0
i, j − ln

J∑
i=1

ev1
i, j

]
(14)

where v0
i,j and v1

i,j denote indirect utility before
and after the change, respectively, �TC is the
parameter on the variable Travel Cost, and J
denotes the set of 290 sites. In the case of regu-
lated site closures, J is reduced appropriately.

Consider first the estimated changes in wel-
fare that result from increases in expected
catch (table 4). Results indicate that the av-
erage estimated CS per trip for the increase in
expected catch differs between the model that
includes regulations at all stages and the model
that excludes regulations from the catch and
harvest equations, especially for the warmwa-
ter species group. This latter finding may be
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Table 4. Compensating Surplus Estimates per Trip for Changes in Expected Catch

Compensating Surplus (CS) Compensating Surplus (CS)
with Regulations in the without Regulations in the

Scenario Catch and Harvest Models Catch and Harvest Models

25% increase in coldwater expected catch $2.01 $2.74
(2.21) (3.03)

25% increase in warmwater expected catch 0.67 0.10
(0.61) (0.13)

Notes: Standard deviations are reported in parentheses.

attributed to the significant positive relations
found between regulations and catch of bass
(table 2). Further, changes in the average
estimated surplus values differ between the
species groups. The CS per trip is estimated
to be about $2.00 for the increase in catch of
coldwater species and about $0.70 per trip for
the increase in catch of warmwater species.

With changes in the general, catch, and har-
vest regulations, the findings indicate that wel-
fare increases, on average, only with the re-
moval of harvest regulations; removal of the
catch regulations and general regulations or
closure of regulated sites lead to welfare losses

Table 5. Compensating Surplus Estimates per Trip for Changes in Regulations

Compensating Surplus (CS) Compensating Surplus (CS)
with Regulations in the without Regulations in the

Regulatory Change Catch and Harvest Models Catch and Harvest Models

Catch regulations
Removal of regulations

No Live Bait $ − 2.59 $ − 1.99
(1.43) (1.85)

Fly Fishing Only −3.05 −2.76
(1.10) (1.56)

Harvest regulations
Removal of regulations

Bag Limits 1.07 2.76
(1.89) (1.98)

Length Limits 1.17 2.83
(1.93) (2.07)

Closure of regulated sites
Bag Limits −0.37 −0.37

(0.63) (0.67)
Length Limits −0.20 −0.20

(0.34) (0.36)

General regulations
Removal of regulations

Motor Limit −0.21 −0.21
(0.60) (0.60)

No Motorboats −0.02 −0.02
(0.07) (0.08)

Note: Standard deviations are reported in parentheses.

on average (table 5). Considering the removal
of the catch and harvest regulations, note that
the results are sensitive to the specification
of the underlying expected catch and harvest
models. Removal of the catch regulations leads
to relatively conservative welfare estimates
when regulations are excluded from the ex-
pected catch and expected models, while the
opposite occurs with the harvest regulations.

The sensitivity of the CS estimates is at-
tributed to the suppression of the indirect ef-
fects of regulations contained in the catch and
harvest expectations, which either add to or
offset the direct effects that appear through the
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regulation–angler characteristic interactions.
For example, the regulation Fly Fishing Only
was found to have a positive and significant
effect on the probability of a positive catch
and the quantity of fish (bass) caught (table
2), and a positive effect on the probability of
site choice (table 3). It follows that the mean
estimated CS for the removal of the regulation
is larger when both effects are accounted for,
rather than just the direct effect. The CS esti-
mates are robust to the ZIP specifications for
changes in the general regulations and closure
of the regulated sites. The former is attributed
to the general regulations being excluded from
the expected catch and expected harvest mod-
els and the RUM estimates being robust with
respect to the general regulation interaction
variables; the latter is largely attributed to
the large number of lakes and ponds that re-
main accessible upon closure of the regulated
sites.

Two conclusions are as follows: First, while
welfare losses might at first glance be associ-
ated with constraints imposed upon public ac-
cess, prudent management of public resources
may enhance welfare, at least for some indi-
viduals. Second, failure to recognize that regu-
lations are characteristics of many nonmarket
goods and that preferences may vary within
a population will not only limit one’s scope of
study, but may also lead to incomplete, and po-
tentially misleading, information for resource
managers.

Conclusion

Regulations provide agencies with a variety of
tools for managing activities on public lands
and waterways. With recreational access, reg-
ulations derive largely from noneconomic ob-
jectives of state and federal planners. The im-
pacts of regulations on natural resource stocks
and environmental quality may be directly at-
tributed to their effects on individual incen-
tives, expectations of quality, and input and
destination choices. In this article, regulations
are found to have large and significant ef-
fects on angler catch, harvest, and site choice.
As consumer preferences for regulations may
vary within the population, a legitimate ques-
tion is whether regulations are likely to be im-
portant empirically. The results of this study in-
dicate that including regulations in recreation
demand models has a greater impact on non-
market benefit estimates than on the probabil-
ity of site choice.

As a concluding note, ongoing debates on
the use and management of public resources
reveals that an array of constituents may be
impacted by changes in regulatory policy. Fur-
ther, heterogeneous preferences within the
population may result in regulations being per-
ceived as desirable attributes by some and ob-
stacles to avoid by others. Therefore, since
changes in the natural environment may result
in, or from, changes in regulatory systems, we
conclude that the characteristics of many non-
market goods may need to be reconsidered in
future demand analyses.

[Received April 2002;
accepted December 2003.]
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