A Repeated Nested-Logit Model of
Atlantic Salmon Fishing

Edward R. Morey, Robert D. Rowe, and Michael Watson

Participation and site choice for Atlantic salmon fishing are modeled 1n the context of a
repeated three-level nested-logit model. Consumer's surplus measures are derived for
different levels of species availability in the Penobscot River, the most important
salmon river in New England. For comparison, six other travel-cost models are
estimated. These include restrictive cases of the nested-logit model, a partial demand
model, and two single-site demand models Comparisons across these models indicate
the importance of modeling the participation decision. including income effects, and of
adopting a nested-logit structure rather than a single-level logit structure.
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Discrete-choice random-utility models are well
suited to explain how an individual will choose
among a discrete number of alternatives as a
function of the costs and characteristics of those
alternatives. Such models all share two com-
ponents. Conditional indirect utility functions are
specified for each of the alternatives, and each
of these conditional indirect utility functions has
a component that is random from the analyst’s
perspective. If each of the random components
is independently drawn from a normal distri-
bution, the model is a probit model; if each of
the random components is independently drawn
from an extreme value distribution, it is a logit
model; and if the vector of random components
is drawn from a generalized extreme value dis-
tribution, it is a nested-logit model.

In all discrete-choice random-utility models,
the deterministic part of the conditional indirect
utility function for each alternative is a function
of the individual’s income, the cost of that al-
ternative and the characteristics of that alterna-
tive. Budget exhaustion implies that income and
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cost for alternative j enter the conditional indi-
rect for alternative j in the separable form of in-
come minus cost of alternative j; i.e., expen-
ditures on the numéraire given alternative j is
chosen. If expenditures on the numéraire enter
each conditional indirect in a linear fashion with
the same coefficient for each alternative, the
probabilities associated with each alternative are
not a function of the individual’s income and the
compensating variation, CV, associated with any
change in costs or characteristics is equal to the
corresponding equivalent variation, £V, In this
case, the CV is not a function of the individual’s
income. Alternatively, if expenditures on the
numéraire enter one or more of the conditional
indirects in a nonlinear fashion, income effects
are present. While logit models of recreational
site selection that do not incorporate income ef-
fects are quite common, ones that include in-
come effects are rare.' Reasons for not includ-
ing income effects are that it complicates
estimation, and the fact that, when income ef-
fects are incorporated. the CV and EV do not
have closed-form solutions.

We develop and estimate a repeated three-level
nested-logit model that explains, for each indi-
vidual, both site choice and total number of At-
lantic salmon fishing trips in a season. The sea-
son is divided into periods such that in each period

! For an carly example of 4 logit model of site choice without
income effects, see the appendix in Morey (1981) Probit models
of site choice are not common because the probit model becomes
empirically intractable when there are more than a few altematives
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the individual decides, at the first level, whether
to fish: at the second level, in which region to
fish (Maine or Canada); and, in the third level,
at which site to fish in the region. In this sense,
our model is a repcated discrete-choice model.”
Income effects are included because values of
environmental amenities are generally believed
to be positively correlated with income. A gen-
eralized extreme value distribution is assumed
(i.c.., a nested-logit rather than a logit model)
because our alternatives naturally fall into two
groups (fishing sites and the nonfishing alter-
native) and two fishing subgroups (Maine sites
and Canadian sites). Our specific generalized
extreme value distribution accounts for this
grouping by allowing the random components in
the conditional indirect utility functions for the
fishing alternatives to be correlated more with
each other than they are with the random com-
ponent in the conditional indirect for the non-
fishing alternative. and by allowing the random
components in the conditional indirects for the
Maine (Canadian) fishing sites to be correlated
more with each other than they are with the ran-
dom components in the conditional indirects for
the Canadian (Maine) sites. The nested structure
is not plagued by the Independence of Irrelevant
Alternatives (HA) property.

To examine the importance of modeling par-
ticipation, including income effects and nesting
the choice structure, six other travel-cost models
are also estimated and discussed. These are (i)
a repeated discrete-choice logit model of partic-
ipation and site choice with income effects; (i)
a repeated discrete-choice logit model of partic-
ipation and site choice without income cffects;
(iii) a standard logit model of site choice with-
out income effects and in which nonparticipa-
tion is not one of the alternatives: (iv) a partial
demand (share) model of site choice; (v) a sin-
gle-site linear demand function; and (vi), a sin-
gle-site log-lincar demand function. Within our
set of seven models, the repeated nested model
15 found to provide the most theoretically and

* Numerous authors have proposed and/or estimated repeated
discrete-choice models of recreational demand  See Feenberg and
Mills, Cautkans, Bishop, and Bouwes (1984 and 1936), Bockstacl,
Hanemann and Strand Carson, Hanemann and Wegge, and Morey |
Shaw, and Rowe None. to our knowledge., has estimated a unilyry-
theoretic repeated nested-logit moddl of participation and site choiee
that ncludes income etfects Morey, Rowe. and Shaw. lor cx-
ample, estmate a utiity-theoretic repeated model without income
eftects that 1 similar but not equivaient to a single level fogit model
Carson. Hanemann, and Wegge estimate a repeated nested model
with mcome eftects, but the income ettects appear 1o be incorpo-
rated 10 a way that 15 mconsistent with income constramed utihity-
maximizing behavior
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empirically defensible consumer’s surplus esti-
mates for changes in species availability.

Recreational Atlantic Salmon Fishery

Maine is the focal point of an active Atlantic
salmon restoration and management program.
Before the 18th century, Atlantic salmon were
abundant in most all coastal rivers and streams
in Maine. By 1940, dams. habitat changes, and
over-harvest reduced the population to a few
hundred adults in several small coastal rivers.
However, because of over twenty years and $5
million of restoration programs, the Atlantic
salmon populations in Maine currently total 6,000
to 10,000 adults, and sport fisheries have be-
come established on at least nine rivers. Salmon
anglers expend 30,000 to 40,000 angler days at
Maine rivers, and in recent years they have har-
vested 400 to 1,200 salmon annually (less than
a third of the catch is harvested). Most of the
restoration effort, angler activity, and catch in
Maine (60-80%) is on the Penobscot River near
Bangor, Maine. Recently, the U.S. Fish and
Wildlife Service (1989) issued an Environmen-
ta. Impact Statement (EIS) to continue to de-
velop Atlantic salmon fisheries on the Penob-
scot River and 10 other New England rivers, with
an annualized federal spending in excess of $6
mulion for 33 more years. The goal is to more
than double the number of adult fish, catch, and
angler days (Rowe, Michelson, and Morey).
Controversy has arisen about the value and
management of Atlantic salmon in connection
with the operation of hydroelectric facilities, as
these facilities may block fish passage or oth-
erwise impair salmon restoration.* The alloca-
tion of efforts to restore Atlantic salmon fish-
eries at competing rivers in New England is also
controversial because many anglers feel that the
efforts should be more widely distributed. While
the management of the Penobscot River salmon
fishery is of interest, limited work has been con-
ducted to estimate the value of this resource to
recreational anglers. Such estimates may en-

Y Other articles that empincally compare difterent travel-cost
models with the same dataset include Ziemer, Musser, Hill, Morcy
(19%4 and 1985) Caulkins, Bishop, and Bouwes (1984 and 1986).
Smith, Desvousges, and Fasher, and Bockstael, Hanemann, and
Klmg  Comparisons using simulation data have been made by Kiing
{19%8a.b and 1989), and Khng and Wemnberg

PIhe EIS calls tor additional fish passage facilities at 105 dams
This has led to opposition to new facilities and movements to re-
move some existing taciiies  For example, Amertcan Rivers re-
cendy named the Penobscot River among therr top 10 endangered
rivers due to a proposed new hydroelectric facility
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hance decision making regarding resource man-
agement and tradeoff issues. Prior Atlantic
salmon recreational fishing valuation estimates

vary vy{dely and do not Son51der the effect of g | s o 2
variability in catch rates. . § gl 3 a ~ >
We use data from a 1988 survey of Maine O 2.3;
Atlantic salmon license holders (Rowe, Mich- &
elson, and Morey). The survey data includes trip- e » -
taking records and supporting data for Atlantic © NEY. 2 « o
salmon trips to rivers throughout Maine and in E > 2 2| 2 - e <
eastern Canada. Consumer’s surplus is esti- = 2% %
mated for three possible resource changes at the E
. . .. =
Penobscot River assuming conditions on all other S °
rivers remain unchanged (the model can also es- w9z o 5 "
timate values for changes in Atlantic salmon catch % g8 2 21 x| &
rates at other Maine rivers). 7R %
1. Eliminate Atlantic salmon fishing at the
Penobscot River. This scenario may occur if the
. . - . o~
restoration program is eliminated. ol = o
2. Double the expected catch rate at the Pen- gz i 3 o
. 3 o
obscot River. §
3. Halve the expected catch rate at the Pen-
obscot River.’ 2
. . - - - =
The empirical analysis is conducted with data 2 g B 2
- . =0) &
from a random sample of 168 Maine residents 5 £33zl & 5 - 2
who held Maine Atlantic salmon fishing licen- - g8l v = ° g
; 7 . o 25 &
ses in 1988.° Average number of salmon trips i 59 &
was 17.04, and 11.85 of these trips were to the | z
Penobscot River. In total, the sample includes ol 2
. . ——t = -
data on 2863 trips. Average household income gl © Sl w g -
of respondents was $39,500. About one-third of =| ¢ £l o gl I 4 I
all anglers surveyed belong to an Atlantic salmon f ~ E © “@
- . . Q 3
fishing club located near the Penobscot River. Sl &
To estimate the travel-cost models, we as- Bl =
sume that an individual has the choice of eight 8 RS 2 -
distinct Atlantic salmon fishing areas: salmon « gl = S ° 3
rivers in Nova Scotia, salmon rivers in New E-' i &
Brunswick, salmon rivers in Quebec, and five 2 -
separate river groups in Maine. Table | presents =
«
= §E2E 8 » 2 <+ o
* The draft EIS cited $88/day for on-site use values for Atlantic 5 3 § g < e pady ®
salmon fishing 1n Maine, but from unspecified sources This esti- ° = = = 9
mate was dropped n the final EIS (US FWS) Contingent valuation E Bz
(CV) work for on-site Atlantic salmon fishing use values at the =
Penobscot niver iclude McLaughlin, and Kay, Brown, and Allee =
with values of $2 to $3 per day, Rowe et al with values of $4 to & > o >
$5 per day. but also citing important vehicice protest anchoring be- Z & o = ;:5 =]
haviors that suggest these results may be best percerved as lower =3 EERT| 2 2=
bound estimates, and Boyle and Teisl with values of $3 to $13 per £ U5 S+ - o s
day. and $140 to $240 per season (2 G S |l S_| 8¢
3 o : - A ) Ec, ol = =2
Reduced catch mught result from poor success of the restoration sl g 5@ 23
efforts, from improved fish passage systems or from the ehmination . ; § o 2 3 3 >
of dams Existing dams and 1netficient passage systems often en- — %) C o= ,_ﬁ; © o " %b
hance catch as fish congregate below the dams seeking upstream = % E@eT| BF =
passage _g g § 5 = g I u: 55
" Trips by out-of-state anglers were omuitted as these trips were = § & E g 1% E g j: é

often found to be for multiple purposes or to visit multple sites
This omission reduced the sample of individuals by about 15%, and
the sample of trips by about 5% Valuation results with the full
sample are only shghtly larger than reported here
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average characteristics of fishing conditions for
cach river group for the 168 individuals in the
sample. All of the rivers in each Maine group
are in close proximity and have similar catch
rates. which reflects geographic variations in the
restoration programs. For most of the Maine
groups. fishing occurs at only one or a few very
specific sites. The primary fishing site or the
center of several sites is used to determine travel
distances We believe this grouping of sites into
eight alternatives allows for the most efficient
use of the sample data to model participation
and the choice among distinet fishing alterna-
tives.

To simplify the analysis. we assume that all
the trips to Maine rivers are for one day of fish-
ing. and that all the trips to Canadian rivers are
for four days of fishing. While not entirely true,
these assumptions accurately characterize the
majority of the trips tn the sample

Fishing costs to site j for an individual, p,, are
assumed to include transportation costs; on-site
costs such as guide fees and lodging: and travel-
time. fishing-time. and additional on-site time
(e.g. warting-time and time when onc stays
overnight at the site).” Fishing costs vary sub-
stantially across individuals tor a grven site and
across sites for a given individual They range
from $29 for a trp to the Penobscot River to
$1,728 for a trip to Quebee. Expenses are mgher
1o visit Canadian rivers because of greater travel
distances tor Maine residents, longer trips, and
higher costs on-site, including mandatory guide
fees.

Average observed expenses for trips 1o dif-
ferent rivers (table 1) reflect the more frequent
use of a site by local residents, reducing the
variation in observed costs per trip across sites
The vartiation in expenses across sites is much
greater for each individual. A large component
of the costs are the value of the individual’s time
For example. the average out-of-pocket plus time
cost of a trip to the Penobscot River s $137
Excluding the estimated value of tme. this av-
crage drops to $71

Full mcome. v, 1s defined as the opportunity
cost of the individual’s available tme for one
year: te.. v = 365 X 17 X w, where twelve
hours 1s assumed to be the amount of ttme avail-
able per day for activities other than sleeping.
cating. child-care, and so on For the sample,

" We adopt the common assumption that per hour opportumity
value of tune i travel and on-stte activities, woas 1/3 of the -
dividual s toral mcome divided by hours worked

~ Copytight'© 200T All'Rights Reservéd™ ™" "™

Nested Logit Model of Fishing 581

the estimated full income varies from $10,483
to $86,862. with a mean of $26,365.

Participation and Site Choice with Income
Effects

Assume that the salmon fishing season is di-
vided into 7 periods such that in each period the
individual takes, at most, one fishing trip. In
each period the individual decides both whether
and where to fish. The individual chooses the
alternative that provides the greatest utility. The
utility the individual receives during period 7 if
he chooses alternative j is

() U=V +e. ;=01,2,...8

7
where j = 0 is the nonfishing alternative, j = |
— 5 are the Maine sites, and j = 6 — 8 are the
Canadian sites. The term V, depends on the cost
and characteristics of alternative j and is deter-
ministic from both the individual’s and the re-
searcher’s perspective.

Alternatively, individuals know their own €,
but the €,’s vary from period to period and across
individuals in a way the researcher cannot ob-
serve. Theretore, the €,’s, and in turn the U,’s,
are random variables from the researcher’s per-
spective.

Assume the €, are drawn from the following
gereralized extreme value CDF

(2)  Frey =expl—e * ~ (e ' + e’ +

+ e—»s;)r/‘ + (e VEq, + L)'\Ev + e 'AE;,)I/'\]I/I].

This CDF generates a three-level nested logit
model of participation and site choice where in
cach period the individual decides whether or
not to fish; if they fish, then at which region
(Maine or Canada); and, finally, the site to fish
within the selected region (Morey 1993b).

Civen the CDF in cquation (2), the probabil-
ity that an individual wili choose not fo fish in
period 1 is

(3) proby =
e\‘“/e\’“ + [(es\/‘, + e\\'g + .+ e\Vs)l/a
+ (e;\\/‘, + e‘w; + eﬂ’g)l/\]l/r

The probability that he or she will fish at river
jAj = 1,2, ...5) in Maine is

(4)
prob, = &V [(e™ + et + L+ VY
4+ (e\vf, 4 (1“7 + e‘t’x)l/s](l/n !
. (‘)\h + ew/g - ()\Vi)(l/\)*l eVO
+ [(v\brl + (),\': + .+ e\Vq)I/\
+ (esv,,+ esV; + e\VK)I/.\]I/'i
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and the probability that he or she will fish at a
river in Canadian province j(j = 6, 7, 8) is

5
f’rLb] = [e" + e+ ..+ ey
+ (e’v" + eV + eAVx)l/x](l/l)—l
. (eyV6 + €3V7 + eng)(l/A)—l/eVu
+ [(esV, + erV: + ...+ eJV5)!/S
+ (eSVs + esV7 + eng)I/S]l/l‘

Specifically assume thateach V,, j= 1,2, ...
8, is a function of p,, Catch, = the average catch
rate at j, and ppy (per-period income, which is
equal to full income divided by the number of
periods) such that
(6) V, = by(ppy — p) + b(C + ppy — p)*

+ by(Catch) + bXCatch)’;
j=1,2,...,8.

Note that (ppy — p,) is the amount of income
the individual has left to spend on other com-
modities if he visits site j.” If a person does not
fish, he will have ppy to spend on other com-
modities, and
(T) Vo =bs + bo(ppy) + boo(C + ppy)°
+ b,(yrs) + bs(club) + bg(age)
+ b,(yrs)® + by(age)’

where yrs = the number of years the individual
has been salmon fishing; club = 1 if the indi-
vidual belongs to an Atlantic salmon fishing club
located near the Penobscot River (zero other-
wise); and age is the individual’s age.

If by, = 0, by ¥ 0, the marginal utility of in-
come is a constant and Prob, is not a function
of ppy; i.e. when by, = 0, there are no income
effects.'® Most estimated logit models do not al-
low for income effects, because when income
effects are included there is no closed-form so-
Iution for the CV or EV. The term byo(C + ppy
- p])5 , where py = 0, incorporates income ef-
fects by allowing the marginal utility of income
to be a simple function of the level of income.
Incorporating income reflects that WTP may be
dependent upon income, which is consistent with

¢ C 15 a constant that 1s sufficiently large to guarantee that (C +
ppy — p)) is always positive for every individual 1n the sample For
esttmation, C was set equal to 1,728, the largest price in the sam-
ple Simulation results showed the results are msensitive to the choice
of C, as long as it 1s large enough to guarantee that (C + ppv —
Py 1s always positive for every individual 1n the sample

" When b = 0, per-perniod income, ppy, cancels out of the choice
probabilities, equations (3)—(5), because per-period mcome just adds
the constant amount b, * ppy to each of the conditional indirect
utithty functions
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traditional economic theory and empirical find-
ings including those in the present paper.''
Given the model, the log of the likelihood
function for the 168 Maine residents is
68 8

t = Z 2 ¥, * In(prob,)

=1 ;=0

&)

where y,, j = 1, ..., 8, is the number of trips
individual i took to site j and y,, is the number
of times individual i chooses not to fish (y,, =
T — =, y,). We specifically assumed that 7 =
50. We based this assumption on the season
length, the average length of trips to Maine and
Canadian rivers, and the fact that only a few
individuals took more than 50 trips.

The maximum likelihood estimates for this
nine-alternative nested-logit model with income
effects are (with asymptotic t-statistics in paren-
theses) b, = 0.00219 (0.693), b,, = 1.0887
(3.95), by, = —1.7492 (—6.28), b, = 5.9122
(10.2), by = 8.8502 (11.5), b, = 0.09533 (2.60),

bs = —.80525 (—14.7), by, = 0.17015 (9.40),
b, = —1.2275 (—=7.38), and by = —1.8561
(—7.84), s = 1.3071 (15.0), + = 0.61172

(9.91)." The included explanatory variables (ppy,
yrs, club, age, p, through pg, and Catch, through
Catchy) are all significant determinants of the
individuals’ participation decisions and site se-
lections. A modified R* (see Ben-Akiva and
Lerman, p. 167) indicates that the model is ex-
plaining 66.0% of the variation in trip patterns.
A likelihood ratio test indicates that income is
a significant determinant of both where and how
often the individual fishes.

The probability of visiting a specific river,
given that a trip is taken, is a decreasing func-
tion of the cost of visiting that river and an in-
creasing function of its catch rate. The proba-
bility of not fishing increases as the general cost
of fishing increases, as the quality of fishing de-
creases and as income decreases. For example,
the estimated elasticities of predicted number of

" There are many ways to incorporate income effects As an al-
ternative to our method of incorporating tncome cffects, one could
assume by = O and replace by with by y = 0. 1, . 8 Loosely,
this alternative approach would allow the margmal utility of income
to vary across alternatives Compared to the approach in this paper,
which requires the estimation of one additional income parameter,
this alternative would require the estimation of cight income pa-
rameters

"' A sufficient but not necessary condition for the CDF to be
locally well-behaved 15 s >~ ¢ The likelthood tunction was maxi-
mized with respect to the parameters using the maximum hkelihood
procedure in Gaussi (Maxlik) Copies ot the dnve program and data
Nles (NSTL-3LV.CMD, MST4LGT DAT and MST4LGT DHT)
are available from the first author

Copydght © 2001 All Rights Reserved



Morey, Rowe, and Waison

Nested Logit Model of Fishing 583

Table 2. Estimated Trips: The Repeated Nested-Logit Model of Participation and Site Choice

with Income Effects

Scenano Statistic Predicted trips to the Penobscot/Angler/Year
1 Elmination of the Atlantic salmon mean/median 0/0
fishery at the Penobscot River range NA
2 Double catch rates at the Penobscot mean/median 1394/11.77
River range 001 10 40 26
3 Halve cateh rates at the Penobscot River mean /median 7 00/4.50
range 0010 28.35
4 Current conditions mean/median 9 73/6 90
range 0 to 34

*NA - not apphcable

trips with respect to income are all positive but
less than one. The probability of fishing is an
increasing function of how long the individual
has fished, increasing if the anglers belong to a
club and decreasing as their age increases.
Overall. these results are consistent with a prion
expectations.

The estimated probabilities, equations (3)—(5),
can be used to predict how many trips individual
i will take to the Penobscot River for any com-
bination of costs. income, and catch rates. The
mean (and median) predicted number of trips for
the three scenarios and the current conditions are
reported in table 2. The average number of Pen-
obscot trips 1n the sample was 11.85, so the
model is underestimating how many trips would
be taken under current conditions This 15 due
in part to the nnposed constraint of a maximum
of 50 predicted trips per individual, whereas a
few individuals actually took double this num-
ber. Also note the differences between the es-
timated mean and median values. which 1s due
to a highly skewed distribution of the individual
demand estimates

The estimated multinomial logit model of par-
ticipation and site choice can be used to deter-
mine the expected compensating (and equiva-
lent) vanation associated with each of the three
different scenarios in which resource conditions
are hypothetically changed. For our nested-logit
model of participation and site choice, the in-
dividual’s expected maxunum utility in any sin-
¢le period is

(9) V= V(ppy, vrs. club, age, P, Catch)
- ln[()\«u 4 [(e\l' n (,W‘ + (,\\,)1/\
+ (()\l’,, 4 ()w} + (l\h)l/ll + 0.57

where P is the vector of prices, P = [p,], Catch
= [catch,]. and 0.57 is Euler’s constant. Define
P’ and Catch” as the prices and catch rates the
individual currently faces Define P' and Catch'

e Copyright © 2001 AlFRights Reserved

as the prices and catch rates after a specific pol-
icy is enacted. For example, eliminating the
<urrent Atlantic salmon fishing at the Penobscot
River 1s equivalent to raising p, to infinity, and
Joubling the Penobscot River average catch rate
implies that Catch; = 2 * Catch!.

Given this, the expected per-period compen-
sating variation, PPCV, associated with any
change from {P", Catch"} to {P', Catch'} is

V10Y - V(ppy, yrs, club, age, P, Catch”)
= Vippy — PPCV.yrs, club. age, P', Catch')

Expected per-period compensating variation,
PPCV, is how much money you would have to
give to (or take from) the individual after the
policy equal to make expected maximum utility
dafter the policy equal to expected maximum utility
i the original state. Expected compensating
variation for the entire scason, CV, is obtained
by multiplying PPCV by T

Alternatively, the expected per-period equiv-
alent variation, PPEV, associated with any
change from {P’, Catch’} to {P', Catch'} is

(1)
V(ppy + PPEV, yrs. club, age, P°, Catch")
= V(ppy, vrs, club, age, P', Catch').

Given the inclusion of income effects (by, # 0),
CV £ EV and that there are no closed-form so-
lutions for the CV and EV: i.e., equations (10)
and (11) cannot be analytically solved for
PPCV(PPEV). However, the estimated CV and
L'V ftor any proposed policy can be calculated
for any individual as a function of exogenous
varrables in the two states.'’

" We estimated the PPCV' tor each individual w our sample by
using the optimization procedure 1n Gausst (Optimum) to scarch
1or the PPCV, for cach individual. that minmized M = |[V(ppv,
s, lub age, P! Catch™) Vippy - PPCV, s, cdub, age. r'.
Cateh')] 1t such an algonthm s not avatlable, one can calculate
an individual’s PPCV by calculating M using an ascending (or de-
scending) vector of PPCV vatues untl M - 0

s o 1A -
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While the income variable is statistically sig-
nificant, there is little difference between the CV
and EV estimates (less than 2% for the mean and
median for all scenarios). Therefore, only the
CV results are reported in table 3. For example,
this model predicts that the individuals in the
sample would pay on average $810 to avoid the
elimination of current Atlantic salmon fishing
conditions at the Penobscot River, and they would
each have to receive on average $804 to vol-
untarily accept the loss of this fishery. Across
individuals the CV estimates vary from zero to
—$3,575, reflecting where the anglers live, their
value of time, their age, and whether they be-
long to a local club. For example, individuals
who currently have to incur a large cost to visit
the Penobscot River experience little loss, as they
rarely fish there and may, in some cases, in-
expensively substitute to alternative sites. Indi-
viduals who reside nearby can fish often and in-
expensively at the Penobscot River and therefore
experience a more significant loss.

In table 3 the mean CV (and unreported EV)
exceed the median values by 28% to 68% de-
pending upon the scenarios, reflecting the highly
skewed distribution of the individual values.
Figure 1 plots the frequency of the individual
CVs for the elimination of the Penobscot fishery
in $100 increments. There is a long tail as a few
individuals are predicted to experience very high
losses. For example, the average CV for the six
individuals with the largest CVs, in absolute
terms, for the elimination of the Penobscot is
$3436. These individual are all males, all club
members with at least ten years of experience,
all employed full time, and all have very low
costs for taking a Penobscot River trip. These
few individuals alone increase the sample mean
by 14%.

This distribution is of interest for consumer’s
surplus estimation derived from travel cost
models, but also for other resource valuation
methods. For example, one concern in contin-
gent valuation method (CVM) research is that a
long tail of large WTP responses may be the
result of error rather than of underlying value;
this error may significantly upwardly bias the
average consumer’s surplus estimates (Rowe,
Shaw, and Schulze; Mitchell and Carson). CVM
practitioners often trim off high WTP responses
or use a median value statistic to account for this
concern. The findings here, which are based upon
revealed rather than hypothetical behavior, sug-
gest underlying value distributions may be highly
skewed due to differences in characteristics of
individuals. As a result, removing from consid-
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eration those individuals with high value re-
sponses may be inappropriate. Using a median
value statistic may be more robust to variations
in the sample and analysis, but this practice di-
minishes the impact of individuals who value
the resource most highly, which is of impor-
tance to decision making based upon economic
efficiency criteria.

At first glance, the similarity of the CV and
EV estimates for a given policy might suggest
that including income effects is not of signifi-
cance. This, however, 1s not the case. Over the
income range in the sample, from $10,000 to
$86,000, the CV for the elimination of the cur-
rent Atlantic salmon fishery at the Penobscot
River, for a representative angler, decreases at
an increasing rate from —$352 to —$652, or by
85%. Therefore, if the model is used to predict
participation or values for situations where in-
come is changed, the means, medians, and ranges
will be significantly impacted.

Participation and Site Choice with Income
Effects

How important is it to model participation and
site choice as a three-level nest? The answer de-
pends on the correlations among the random
terms € in the conditional indirect utility func-
tions for the nine alternatives. These random
terms are generated by the characteristics of the
alternatives that are observed by the individual
but not by the analyst. One might expect the
random terms for a group of similar alternatives
to be more correlated with each other than they
are with the random terms for other alternatives.
The CDF that generates our three-level nest
(equation (2)) accounts for this by assuming (¢)
the random terms in the conditional indirects for
the Maine (Canadian) sites are more correlated
with each other than they are with the random
terms in the conditional indirect for the Cana-
dian (Maine) sites; and (if) the random terms in
the conditional indirects for the fishing sites are
more correlated with each other than they are
with the random term in the conditional indirect
for nonparticipation.

The corresponding null hypothesis is that all
of the random terms are equally correlated. Such
a restriction is imposed by restricting ¢ and s in
(2) to equal one. In this case, the nest collapses
to one level i.e., to a nine-alternative logit model
rather than a nested-logit model. The maximum
likelihood estimates for this nine alternative logit
model with income effects are (with asymptotic

Copyrifht © 2001 All Rights Reserved



Nested Logit Model of Fishing 585

Mdarev, Rowe, and Warson

1X91 oYy ut

papodal Kjuo dre [Ipow 103SqOUS4 Y} 0} UONIURY PUBLISP Jedui[-Fo[ 3its 2(FUWIs Y) 40J SINSII 4] [IPOUL SIY) YIv PIJR[INIPI 3G JOUUED OLIBUIIS SHJI 3 1 'JJQP[IBAR JOU = YN &

VN 1LE1S~ 01 7% 98CTE— M+ 0% - HHIS— O § 0% 6811$— 01 T 08— SYOLS— 01 08 Adurs  IAALY 1098QOUdG AY)
VN vRE— 161$— 681%— 07— 061%— UBIPSI 1B S8t YO1ed AA[RH ¢
VN SHT$ - vTSS— 867%— LOES— 8LT$— ueaw
VN 09¢€1$ 01 £9 [96€% 1 ¢ IS 0Z61% 91 8 0% TL61S 01 S 0% 6191% 01 9 0% s3ues oAy
YN 601% e 6IrS €SS 86£$ ueipaw 1005qouad Ay} I8
VYN 8YCS 008$ S79% PS9% 115% ueow sael yoed gnod ¢
LECTIS— O pS—  1889%— O § 85— 16£8%—~ 01 9 0% - SOt — 01 g 0% - 6bFES— 01 € 0—% CLEES— M (K aduri I9ATY 107%qouad
61Eis— SeEs— 90rs— 9Trs— 1SPE— L6TS— ueipaty ayr e K1oysiy
FOICS FAZ R Sshis— LS — v9LS— 018%— ueawt uoutyes dnuepyy
AY) ju uvuElg g
ousnels OLIBUDDS
891 Sl ctl 891 891 Q91 SUONEAIRSQO JO JdquUnU
AD ADD ‘AD AD AD AD 2INSTAA
I2ATY 1025qOUdd 010U NS Jo QATIRHIIN R S109)j0 awodur SREIE] $1931J2 2WodUL/ M
ay) Jo uondunj [3pow puewap uonedianarduou 0/M 104D s AUIOdUL/ M 210D s
puRILIAP I1PAUL| eraed $3)) puP 199)J2 awedur  pur uonedidnird astoyd s pue uonedidiaed
s 3uig 0/ M A0Yd Jo [spow pue uouedidmed Jo apow n3og
s Jo [Ppowt udo pawaday JO [opowt -pajsau pareaday

1301 plepuels

+SIPPOJAl 1S0)-[PABI ] JUAIAYI(] XIS WIOIJ PIALIS(] SIINSLIA

nudo| pareadoy

uonelep Supesuadwo) spaea ) jo uostreduio)

't IqeL

s oy

s Copytight © 2001 AlRights Reserved ™



586  August 1993

% Frequency
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35%

30% —

25% —]

20% —

15% —

Median = -$497

10% — Mean = -$810

5% —

$'s Expected Compensating Variation (CV)

Figure 1.

Frequency Plot of the Compensating Variations, CV’s, for the Elimination of

Atlantic Salmon Fishing at the Penobscot River

t statistics in parentheses): b, = 0.00683 (2.34),
by = 0.89617 (3.43), by = —1.1496 (—2.91),
b, = 7.3789 (10.5), by = 10.1123 (13.5), b, =
0.09752 (2.66), bs = —0.81200 (—14.8), b, =
0.19140 (11.2), b, = —1.2459 (—7.52) and by
= —2.1274 (—9.480). A likelihood-ratio test in-
dicates that this model does not explain partic-
ipation and sites choice as well as the nested
model. Table 3 indicates how the CV estimates
differ between the two models.

One implication of the nested-logit model ex-
plaining participation and site choice better than
the logit model is the rejection of the Indepen-
dence of Irrelevant Alternatives (IIA) property
implicit in the logit specification. The IIA prop-
erty implies the relative odds of not fishing ver-
sus visiting the Penobscot River is independent
of how many other sites are available (Morey
1992b). This is an assumption that one would
rather not make a priori and one that our nested
model results indicate should not be made.

Participation and Site Choice without
Income Effects

The next model modifies the previous model with
by, restricted to zero, i.e., a repeated logit model
without income effects. This absence of income
effects is typical of estimated repeated discrete-
choice models. The maximum likelihood esti-
mates for the nine alternative logit model are
(with asymptotic t-statistics in parentheses): b,

= (0.01608 (220), b, = —1.3461 (—14), b, =
7.3583 (58), by = 10.635 (94), b, = 0.0949 (11),
bs = —.8202 (—88), b, = 0.20604 (74), b; =

—1.2402 (—=31), and by = —2.3124 (—64). The
modified R* indicates that the model is explain-
ing 65.7% of the variation in trip patterns.

When there are no income effects, CV = EV,
and the repeated logit model of participation and
site choice has a closed-form solution for the
CV (=EV). Specifically, equation (10) can be
solved for PPCV to obtain
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(12) PPCV = PPEV
= (1 /b)[V(ppy. vrs, club, age. P', Catch')
— Vippy. yrs, club, age. P, Catch")|

In the latter case, b, i1s the constant marginal
utility of income and the income variable. ppyv.
cancels out of equation (12). thereby restricting
WTP to be independent of one’s tncome.

Table 3 reports the CV results for the logit
model with income effects (column 2) and with-
out income effects (cohmnn 3). The exclusion of
income ctfects trom the logit model only shghtly
reduces the estimated mean and median CV value
estimates (by 1% to 18%%, depending upon the
scenario and statistic). As above, while these
differences are small, it would be incorrect to
conclude that excluding income 15 inconsequen-
tial.

Standard Logit Model of Site Choice
without Income Effects and with
Nonparticipation not an Alternative

To examine the mmportance of considering the
decision to participate, the nonparticipation al-
ternative can be removed from the last model
(as well as continuing to exclude the income ef-
fect) ™ Such a model might be considered a
standard logit model ot recreational demand be-
causc most logit models of recreational demand
do not model how often the individual will re-
create, but rather just estimate the probability
that a given site will be chosen if a trip is made.
By precluding changes in the level of partici-
pation, such models provide biased consumer’s
surplus estimates of changes in resource quality.
For example, when a resource degradation oc-
curs, participants are forced to continue to take
a trip, which may force greater weltare loss than
simply forgoing participation.

The maximum likelihood parameter estimates
for this eight alternative logit model are (with
asymptotic t-statistics in  parentheses): b, =
0.017179 (180), by = —3.9297 ( -43), and b,
= 12.575 (82)."" The modified R" indicates that
the model is explaining 68.7% ot the allocation

1 Formally. 7 = 1, 2, , 8 rather thany = O, 1. . 8 Given
this change all of the equations remain the same cxeept ¢ = 0,
equations (3) and (7) are now superfluous and the number of pe-
nods 1s irrelevant . The reason for discussing this model s to tocus
on the cost of not modeling the participation decision  Income ef-
fects could have been included 1 thus model, but would cloud this
discusston with unnecessary detal

" Note that the sample for this estimation could only include Maine
icense holders who actually fished at one ot the sites This reduced
the onginal sample of 1ok 1o 145 mdividuals

Nested Logit Model of Fishing 587

of trips given the decision to participate. The
probability of visiting a specific river, given that
a Irip is taken, is a4 decreasing function of the
cost of visiting that river and an increasing func-
tion of that river’s catch rate. As noted, this model
cannot be used to estimate the predicted number
of trips to the Penobscot River.'®

Derivation of “per-trip” compensating varia-
tion, PPCV,. from this model is straightfor-
ward The expected maximum utility in a given
pertod 1if the individual 1s constrained to fish in
that period 1s

(13)  V,= V,(ppy. P, Catch)
b

In[ > exp(V) | + 0.57722

Ian!

Given our assumption of constant marginal util-
ity of income b, then

PPCV, = PPEV,

(14)

= (1/b)V,(ppy, P', Catch')
- V,(ppy. P°, Catch")].

PPCV, (=PPEV)) is usually referred to as a per-
trip consumer’s surplus measure; i.e., it is
equivalent to the individual's per-period CV
(=FV) if the individual knows he is constrained
to take a trip both before and after the resource
change. |PPCV,| = |PPCV/|, because, if one is
constrained to participate in a period, changes
in the sites are more important in that period.
While not reported, the PPCV, are all larger, in
absolute terms, than the corresponding PPCVs
from the participation models.

Given that the model does not predict how
many trips the individual will take after the
<hange, how can it be used to approximate the
CV (or EV)? The typical method of approxi-
mating the CV is to multiply the per-trip values
for the resource change. PPCV,, by some sep-
arate estimate of the number of trips. Morey
+1993a) shows if the predicted number of trips
are derived from a participation model consis-
tent with the logit model of site choice, PPCV,
multiplied by the predicted number of trips in
rhe current state 1s a lLaspeyres index that bounds

" Lor cach supply scenano, one could estumate demand for trips
to 3¢ Penobscot River conditional on the total number ol trips to
all <ites not changing when the supply conditions change  Since the
change i supply conditions will likely cause a change in this pai-
acipation rate, these conditonal demand estimates will, 1n most
2ases be bused upward for detenorations and biased downwards
tor improvements . While not reported here, these conditional es-
umares  when compared with the unconstrained estimates derived
frory the repeated discerete-chowe model, suggest such a bas
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the CV from below and PPCV, multiplied by the
predicted number of trips in the proposed state
is a Paasche index that bounds the CV from
above.'’

Alternatively, one might obtain an approxi-
mation to each individual’s CV by multiplying
each person’s PPCV, by his actual number of
trips in the initial state. Denote this measure
CV,." The mean, median and range of the CV,
for each of the three supply scenarios are re-
ported in table 3. These CV/'s differ sigmfi-
cantly from the CV estimates from the prior
models. The variations are also dramatic on an
individual-by-individual basis. For example, for
elimination of the Penobscot fishery for the first
ten individuals in the sample that fished, the es-
timated CV, ranges from 0.17 to 4.05 times the
CV from the logit model of participation and
site choice without income effects. For the sce-
nario which doubles the catch rate at the Pen-
obscot, the range is 0.18 to 6.83. The CV,bounds
the CV from neither above nor below, and it is
not a good approximation.

Three Other Travel-Cost Models

The following three models are continuous rather
than discrete-choice models.

Partial Demand (Share) Model of Site Choice

Like the discrete-choice model of site choice in
the last section, a partial demand model does
not model the participation decision (see Morey
1981, 1984, 1985, and Morey and Shaw). How-
ever, the exclusion of the participation decision
is fundamentally different in the discrete-choice
and partial demand models. Participation in the
discrete-choice framework is excluded by mod-
eling the choice of site given the decision to make
a trip. Alternatively, the partial demand (share)
model assumes salmon fishing activities form a
separable group and then only explains the al-
location within this separable group as a func-
tion, in part, of the exogenously determined
budget allocation to this group.

7 Simulation results 1n Morey (1993a) show that these biases will
be sigmticant 1if the proposed change causes a significant change
n the probability of participation The bias can be significant even
1if one multuphies the PPCV, by the average of the predicted number
of trips 1n the two states

" Note that CV, 1s not equal to {PPCV; X (Predicted number of
trips in the current state)} because the CV, 1s derived by multiplying
PPCV, by the actual number of trips wn the current state rather than
the predicted number ot tnips i the current state

Amer J Agr Econ.

The partial demand model only explains and
predicts the number (or proportion) of trips that
an individual takes to each site as a function of
his costs, his fishing budget, and the average
catch rates. Any consumer’s surplus measure
derived from a partial demand model is a partial
consumer’s surplus measure in that it 1s derived
implicitly assuming the individual will not ad-
just his fishing budget in response to the policy
change. Hanemann and Morey prove for a given
policy change the partial compensating varia-
tion, CV,, derived from a partial model only
provides a lower bound on the CV; and the cor-
responding partial equivalent variation, EV,,
bounds the EV from neither above nor below.

To develop a partial demand model of Atlan-
tic salmon fishing, assume that these fishing ac-
tivities are separable from all the other com-
modities; 1.e.,

(15 U=UX,B,Y, Catch)
U(Xa B, up(yl’ Y2, -

., ys, Catch))

where U is expected utility, Y is a vector of the
number of trips to each of the eight sites, X is
a vector of the quantities consumed of each of
the nonfishing commodities, and B is a matrix
of the characteristics of the nonfishing com-
modities. Function u, = u,(y,, y», ..., ys, Catch)
is the direct partial utility function for fishing,
and u, is expected fishing utility. Given fishing
budget FB, our expectation of the individual’s
choice of Y is the Y * that maximizes u,(y,, y,,

.., ¥s, Catch) subject to FB = 3p,y,.

Assume a CES preference ordering for fish-
ing utility

(16)
u, = v,(P, FB, Catch) = —e(P, Catch)/FB;

where (17) and (18) hold.
an 8 B-1/B
e(P, Catch) = [2 h(j)‘/(B‘“pff/wn]

=1

(18)  h(j) = | + ay(catch) + ay(catch))'*

The CES preference ordering was chosen be-
cause it is 51mPle and because it assumes no
income effects.'’

' It assumes that fishing preferences are both homothetic and
directly additive across fishing activities Two implications of these
assumptions are a site’s expected share (budget or tnp) 15 not a
function of the fishing budget, and the partial compensating vari-
ation, CV,,. 1s equal to the partial equivalent variation, £V, For an
example of a esumated partial model of reercational demand that
includes income effects see Morey (1984)
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Given the CES preference ordering, our ex-
pectation of the proportion of trips that the in-
dividual desires to spend at site 5, s, is

(19) ;
vk Py
SJ*: 'ﬂ/ — - - ':1‘2".”8
PRV $ [h( k)]
i Lpk)

where o = I(l - )

Assuming a multinomal specification for these
shares (Morey 1981), the log of the likelihood
function for the 145 Maine residents in the sam-
ple who fished is

145 8

¢ = E E v, * In(s})

TR I

(20)

The maximum likelihood estimates are (with
asymptotic t-statistics in parentheses): «, =
—5.1622 (—11.8), o, = 12,179 (13.6) and o =
2.5372 (237). The corresponding value for 8 1s
0.60589. Both cost and catch rates are impor-
tant determinants of where the individuals fish.
The moditied R” indicates that the model is ex-
plaimming. given the fishing budgets, 39.1% of
the vanation in site selection.

The partial demand function (not reported) and
the paramecter cstimates can be used to predict
individual i’s conditional demand for trips to the
Penobscot for any given level of costs, catch
rates. and fishing budget For the imtial fishing
budget. these conditional demand estimates are
biased downward for improvements and biased
upward for deteriorations. The partial demand
model does a better job of predicting demand
for the Penobscot n the current state than does
the repeated discrete choice model because it
predicts demand conditional on the current fish-
ing budget. Remember that the actual average
for the Penobscot is 11.86 and the repeated nested
model predicted 9.73. Estimated conditional de-
mand for the Penobscot is 11.36. However, one
would not expect this advantage to carry over
to the alternative hypothctical scenarios.

For our CES partial demand model. the par-
tial CV, CV,, associated with a change from {P’,
Catch’} to {P', Catch'} 15

21y CV,=EV, = FB’ + ¢(P', Catch") /i’
P I

where FB’ is the chosen fishing budget in the
current state and u), is fishing utility in the cur-
rent statc As noted above, this C'V, only pro-
vides a lower bound estimate on the individual’s
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CV because it does not allow the individual to
adjust his fishing budget in response to the pol-
icy Table 3 reports for each of the scenarios the
mean and median 'V, estimates. For example,
the mean CV, for the elimination of Atlantic
salmon fishing at the Penobscot River, —$1,042,
indicates on average an individual would have
to be paid no more than $1,042 to voluntarily
accept this change.

wo Single-Site Demand Functions for
Penobscot River

One might wonder whether it is worth the effort
to develop and estimate a complicated model such
as the repeated nested-logit model of participa-
tion and site choice with income effects. Per-
haps estimation of a simple linear or log-lincar
demand function for the Penobscot would gen-
erate C'V estimates similar to those obtained from
the repeated models of participation and site
choice. To check, assume there are only two
commodities, Atlantic salmon fishing trips to the
Penobscot River (y,) and a Hicksian composite
of all other goods. Further assume the Hicksian
composite good is expressed in units such that
its price is equal to one. Given this, first assume
the following simple indirect utility function™

22y U = V(y, py, vrs, club, age)

=exp(—ypDly + (1/v)(Bp, + a + (B/y)]

where a = a, + o(vrs) + ay(club) + aslage).
Applying Roy’s identity, the demand function
for trips to the Penobscot River has the linear
form

123 = a, + a(yrs) + axclub)
+ asage) + Bp, + yv

Observed trips to the Penobscot are assumed to
be normally distributed with expectation #p.
The OLS parameter estimates for the 168 in-
dividuals n the sample. of which 67 did not visit
the Penobscot, are (with asymptotic t-statistics
in parentheses): «, = 20.4732 (3.23), a, =
1.38340 (3.00), a. = 9.75193 (2.66). a; =
-0 278321 (-2.28j, B = --0.055790 (—3.69),
and ¥y = 0.000011 (0.09). As before, the vari-
ables cost, yrs, club, and age are all significant
determinants of how many trips the individual

* Note that the catch rate at the Penobscot River cannot be in-
vluded as an explanatory variable because the catch rate does not
vary across individuals in the sample If. for example, we had es-
imated catch at the Penobscot as a function of expenence, the catch
tate by experience level could have been included
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will take to the Penobscot River; income 1s not.
The standard R” is 0.184.
The compensating variation, CV, for a price
change from p{ to p, is
(24) CV =y — exp(yp)U’
+ (1/IBpt + a + (B/Y)].

Table 3 reports the mean, median and range of
the individual CVs from this linear demand model
for the elimination of Atlantic salmon fishing at
the Penobscot.”’ These are all much larger, in
absolute terms, than the CVs (or approximations
to the CVs) from the five other models.

For comparison, a log-linear demand function
for the Penobscot was also estimated. It is gen-
erated by the indirect utility function

(25) U = V(y, p,, yrs, club, age)
B _eap(lH-ﬂ) y(l*y)
(1+p  d-y

The mean, median and the range of the individ-
ual CVs from this log-linear demand model are
—$2,982, —$2,258, and —$388 to —$12.437.
These summary measures are much larger in ab-
solute terms than the comparable measures for
the linear demand model, but, since the depen-
dent variable is logged, they are derived from
the subsample of 101 individuals who visited the
Penobscot. These single site models indicate
functional form and stochastic specification are
important. Simultaneously assuming a normally
distributed error term and an extremely simple
functional form for the demand equation leads
to estimated compensating variations that are
substantially different from our other estimates
of the compensating variation.

If one wanted to pursue more sophisticated
single-site models one might, for example, con-
sider consistent probit/tobit models where the
probit equation is used to determine 1f one fishes
and the tobit model is used to determine how
often. Shaw formulated a very sophisticated sin-
gle-site model. However, neither the Shaw model
nor a probit/tobit model is simple, particularly
when it comes to welfare estimation, and nei-
ther can estimate EVs and CVs for changes in
site characteristics, which is the focus of this

paper.

' CVs for the other scenarios cannot be derived from this model
because utility 1s not a function of the Penobscot catch rate

Amer J Agr Econ

Conclusions

Our analysis suggest average CVs for changes
in salmon catch rates at the Penobscot river are
substantial. Nonetheless, given the limited num-
ber of such anglers (less than 1500 in 1988), the
analysis also suggests the total value to anglers
of the Penobscot fishery may be less than its
development and maintenance costs. For ex-
ample, the value of maintaining current condi-
tions at the Penobscot river is estimated to be
$1.215 million per year ($810 per angler per year
from the repeated nested logit model times 1,500
anglers). In contrast, the EIS estimates annual
costs of about $1 million per year just to sustain
the resource at levels about one-half that in 1988.
It may well be that significant preservation val-
ues unrelated to recreational fish catch of At-
lantic salmon are required to merit current re-
source expenditures.

The CV estimates vary depending upon the
valuation model employed. The single-site de-
mand models provided significantly larger val-
uation results, but may be the least defensible
among the set of seven considered. The partial
demand (share) model produced. as expected,
estimated valuations that were the smallest for
improvements and the largest for deteriorations.

Modeling the participation decision is found
to be critical. Approximations to the CV derived
from the standard logit model without the non-
participation alternative, CV,. differ signifi-
cantly from the repeated logit CV estimates and
bound them neither from above nor below. If
the intent is to derive the consumer’s surplus as-
sociated with a proposed scenario using a dis-
crete-choice model, one should incorporate non-
participation as one of the alternatives as this
requires no more data than does estimating such
a model without nonparticipation. Of course, if
one’s sample includes only individuals who fish
(in our case, those with Atlantic salmon licen-
ses), one cannot in general draw inferences about
participation decisions of the remainder of the
population. One can predict only how partici-
pation will change for the subset of the popu-
lation that currently fishes.

Theoretically, both a partial demand model
and a discrete-choice model that does not in-
clude nonparticipation as one of the alternatives
are inferior to the repeated model that explains
both participation and choice of site. However,
if one had to choose between a share model CV,
estimate and a logit model without the partici-
pation decision CV, estimate, the CV, estimate
may be the more defensible of the two because
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the CV, 15 at least a lower bound on the CV,
whereas the CV, bounds the CV from neither
above nor below.

Including income effects is found to be im-
portant and simple. Our results indicate valua-
tion of the salmon fishery varies significantly
with income. The only negative consequence
of incorporating income effects 1s that the CVs
and EVs no longer have closed-form solutions.
However. as we show. one can numerically cal-
culate the CV or EV for any individual and for
any scenario as a tunction of the individual’s
characteristics and the estimated parameters of
the discrete-choice model.

In addition, a likelihood-ratio test on our
nested-logit model of participation and site choice
rejects the stochastic assumptions implicit in the
logit modcl. The extreme value distribution that
generates the nonnested logit model assumes the
random terms n the conditional indirect utility
functions are all equally correlated. This 15
contrast to the generalized extreme value distri-
bution that generated our three-level nested-logit
model. The generalized extreme value distri-
bution assumes groupings of alternatives in which
the random terms in each group are correlated
more with each other than they are with the ran-
dom terms of alternatives not in that group. We
chose a groupmg such that the nontishing alter-
native is 1n a group by itself and the fishing al-
ternatives are divided into two subgroups, Maine
and Canada. This proved to be a significant and
useful extension.

[Recenved June 1991, final revision received
October 1992 ]
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