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Economic values for recreational fishing from the
random utility model
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Department of Agricultural and meru,, Econoinics

University of Western Australia
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Summary

In many developed countres the focus of fisheries management has widened to ;
include not only the activities of comuerel al operators, but also those of 12 cxc‘monal
4ng,.lm‘s As a consequence there is a gr mwn" need for iformation ahout the
pr&terenu‘*xk motives, and valoes obanglers. This irdor rmaton 1 needed iy Tanagers ‘
to help formulate policies for conserving stacks and also for reallocating fish stocks
hets&'ecn user groups. Thic naper eritically reviews the random utility model asa
technigue for aescribing feereation demand, ung shows how the model can be
incorporated into a frames ork for simulating the impaets of mrmus policies over

{ime.

Intreduction

In many developed countries. recre; ummll fishing now ranks as one of the most
popular nuldmr letsure pursutts. 5urvcvx frequently n.vmxl that up to 304 of the
populution go fishing at least onee over the course of 2 year (Grover 19803, In
Australia the aumbers of recreational fishers have grown to u level where fishery
managers are concerned about the adverse impitet they might have nn stocks of some
jmpular fish species. As a resuli, vounter measures such as bag lxmm and restricted
seasons are being implemented w help prevent over-fishing.

Ir mldilixm, for fisheries that are joindly useﬁ by reereational and commercial fishers, it
is beeoming increasingly common for munagers to mtroduce policies that intentionally
reallocate access (o fish stocks from one sector to the othier. A good example is the
b umundi fishery in the Northern Territory where 2 buy-back scheme has removed
commeteial operators from tlme major river systems, and cwlusxve aceess granted to
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the recreational sector tslacreadie {0?}3), Other policies that are being used (or being
contemplated) for shifting the access of une user group m favour of another include
commercial cateh yuotas. bag limits on recreational catch combined with licensing,
closed commerciai and/or recreational ficeess 1o sites, and entry fees to sites for

recreational users.

Clearly, the focus ot fishenes management lias &»idmml fo includc not only the

activ ties of commercial operators., but also thosy of vecreational anglcks. Asa
consequence there is & growing need for information about the preferences, mhtivw
and values of anglers. This information ts needed by mavagers fo help formulate
policies for conserving stocks and also for reallocating fish stocks berween user
groups. Without an understanding of how anglers might respond to various
regulations it is difficult mdrmc effective control measures. Similacly, without
measures of econonie values for recreational fishing it is difficult to know \»}\Lther or

not reatlocation is economically ;mmwd

Research in the field of recreation demand has been very active in the United States,
but refatively Tittle work hus been done in Anstealia. The purpose of this paper is to
review the random utility model, which is emerging as a favoured technigue for
analysing the demand for recreational fishing. For 'hackgrmmd PUTPOSES, the paper
hegins by hriefly dmussmg the traditional travel cost method and its limitations for
modelling recreational fishing. This i~ followed by a detailed Jook at how the mndom
utility model operates and énmc of the esterisions to the basic model. The last section
«f the paper suggests how a random utility model could be used to analyse the impacts

of resource allocation policies,
Nature of recreational fishing

Relative 1o commiercial fishing, modelling the demand for recreation is quite difficult.
There are three main reascas why this is so. Firstly, unlike commieteial ope,fatnrs.
recreational anglers tend to spread their efforts vver a wide range of fish species and
sites. The presence of a large number of substitute alternatives makes it difficult to
modei the demand for any one particu'ar alternative. Secondly, commercial benefits
are reasonably easy to quantify as they are a function of total barvest, input costs, and
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the market price of fish, Recreatronal benefits, on the other hand, are far less tangible.
There is no market for establishing values und cateh is not the only factor influencing
henefits. A large proportion of henefits are probably dertved {rom intrinsic aspeets of

the fishing experience.

A thurd difficulty eneountered in developing 3 maodel of recreation demand is the fack

of formation about the recreational seetor relative to mmmemml users. Many

~ fishery management agencies in Ausirala are beginning to quantify the e :tclu effort,
tand expenditure in same cases) of anglers over ime with the use of creel surveys.

While this is a start to analysing the physical impacts of reeredtional fishing, we sull

~ have Jittle understanding ab-ut the preferences, values, and mouves (it are driving

the belaviour of recreational hishers.

Despite these difficulties, ¢ large number of mmemual and cmpxrmﬂ nuxdels of
recreational fishing appear m the hterature - The majority of these studies age hased on
acommon set of principles. That s, the mdividual must travel to 4 site in order to
consume i recreation ”'sﬁ?["\?lcé" Sites within i defined study area ate differentiated by
thair abserved level of quality charactenstics, such as cateh rate and congestion, aid
measurable costs associated with travelling to the sute. Travel costs serve as SUrrogate
prices and observations on (he number of visits to each site are used (o reveal
individualy’ preferences for quemty attributes of the fishing experience.

- Some recent work by Loomis ¢1995vand Hausman et al. (19951 disaggregate an
individual’s demand for reereational fishing into four distinet components or choices:
1. Tatal number of trips to the study ares over the eanise of @ year or season
(including whether or not to participate at all).
2. Allocation of total trips across sites in the study areq.
3. Length af cach trip (days.
4. Choice of target species on each trip.
The rationale hehind dis: %gegming demand into these fout components is 1o capture

the fuli eftest of rcallncmion polieies or n,;,ulatmm that control angler effort/eatch,
For example, an increase in the availability of a particulur fish species at a distant site
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~ {possibly caused by limiting commercial catch) could prompt an angler ta swap
several short (low cost) trips to nearby sites with one longer thigh cost) trip to the
more distant site to take advantage of the betier prospeets of catching fish. ‘This
substitution behaviour is likely to significantly influence the size of annual benefits
and the amount of recreational cffort exerted at each site,

The traditional travel cost methocl
Background theory

The traditional approach to estimating values for recreationl i”shih g is the simple
treovel cost melhod It focuses muinly on the continuous component of m:matmn
dentand, that 15 the total numb@;r ot tps taken (o a site over tht: course of a year, and
does not explieitly account for an individual's substitution between sites, species, and
trip lengths. The method 1 hased on neoclassical demand theory where individuals
choose the number of trips that maxinuse utlity subject to a hudget constraint. 1t is

- assumed that un mdi'\ridu:ﬂ”s underlying utility from fishing at 4 site isa function of
the number of visits made to the site, the quality of the site. and the quantity of the
numeraire, The simplest version of the method is a single-site model that ignores the
presence of substitute sites. The individual solves the following utility maximisation
problem: L

Max: wiz,r, gl
sublm fo the budget constraint:
M=Z+p.r
where:

Z = the quantity of zh«z aumeraire whose price is nnm
r = the number of visits to the recreation site,

q = quality attributes of the site {eg. catch rate),

M = exogenous income,

p= cost of a trip to the site,

Maximising the utility equation subject to the budpet constraint yields tht: individual's
~ demand function for vigits:
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Empirically, the demand function is obtmned by rewressing un individual's observed
number of visits to the site agamnst the costs incurred e travelling Lo the site, quality

characteristies of the sue. ihcome, and other sociveconanne variables.

Twao welfare meastres a2 relovant; the vidue of aceess 1o the site and ‘U:w vawe of
quality change. The value of acvess is approximately equivalent to the consumer
surplus, or area beneath the detssand eurve, This is given by th;: integral of the
demand runction hetween the aetual cost of trip and the level of trip costs that
corresponds w0 zere visits. The value of & change in a particular quality attribute is
caleulated using the coetfivient on the quality variable and 1s given by the chfﬁzrcnce

in consumer suplus hetore sod alter the change i quality.

Note that i order to estimiate - coelticient tor the quahity varsable, there must be
varratton i guality ncross mdividoals m the sample. This is not possible tor a single-
site model estimuted with cross-sectional data beeanse all individuals visiting the sie
will experienge the same level of quality. For this reason, it is necessary (o either use
time sertes data or incorporate data from mdividualy' visits to multiple sites (see

helow).

Limitations

The most severe limitation of the traditional travel cost method is its inability to
satisfactorily aeeount for the presence of substitute sites. In the single-site model
lustrated above, fatlure to include the travel costs of raiz:x*ant substitute sites biases
the esumated parumeters. The researcher is faced with the diffieulty of déciding
which other sites are substitutes whose prices should be included in the site demand

funcuon.

Furthermore, policy makers are usually not interested in knowing the value of just one
site. Whut is more pertinent is the value of changes to quality attributes across
multiple sites or the value of changing the humber of sites available to individuals in
the study area. These questions call for & multi-site model, One common urip‘mzich is
to combine the number of visits made to ench site by cach individual in the sumple
and to estimate a single "pooled” demand equimion. This is A restrictive simpllﬁéution
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because the coefficients on the travel cost and quality variables are constrained to be
the same acrass all sites. Other multi-site models have been proposed but none of
them allow substitote prices or substitute qual ities 1o be incorporated in & meantay,fisl
way (Bockstacl, MeConnell et al. 1991, S

Another weakness of the travel cost methad kix' the way 1t handles an individual's
choice of ttme on-site. Simple models assume that the visits made by all individuals
to cach and gvery site are m“mmul fength. meaning that the opportunity cost of time
on-site 1y the same for every individual. This s clearly an over-simplification of the
true sttuation. 17 on-site tme 1s allowed to vary between individuals, then the
opportunity cost of iime onesite should be included lﬁ(t demand cematim Many

studies use the indisadual's wage rate as o shadow price of time.

More realistic miodels recognise that on-site time 1s not only an element of the total
cost of a vistt, hut also provides uthity o the ndividual. For example, MeConnetl
(1992) allows vn-site time 1o be endogenous by including itasa choice variable in the
utihity function While this model 1 an impravement over the simple maodel, it stif)
makes the unrealistic assumption that individuals choose the same amount pf time 1o
spend on-site every tme they o fishing. As discussed below, the random wtility
model overcomes this prablem by making time on-site a diserete ehoice which is
allowed to vary across sites and trips.

The random utility medel

Random utility theory

Random utility modelling is emerging in the literature as the preferred technique for
modelling recreational demand beeause it is able to cxb‘iicitly describe the substitution
behaviour of individuals following u change in access pri:éw (travel cost! or quality at
one or more sites. Among the first researchers to use this technique was McFadden
(1974) who analysed consumers” choice of transport modes, Bockstael ct al, (1987)
provide un early application nf’ the technique to reereation demand, '

With respect to recreational fishing, the method is well suited to analysing an
mdividual's choice of site, length of trip, and target species, These choices are made
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every time a trip is contemplited and are typically discrete choices, us opposed to the
annual number of rips which is a continuous choice variable and more likely to be
planned ot the baginning of the season. The random utility model is capable of
explaimng the probability of diserete alternutives being chosen on each trip, but

cannot explain the rotal number of trips demunded aver the season,

The random utility approach 1s underpanned by the theory of diserete choice which
assumes that utility 1s derived fram the atributes of allernatives rather than
alternatives per se (Hanemann 1984). In order to briefly review the theory, assume
that an mcividual is faced with a choiee hetween o fixed number of f.ishiyng sites. The

individual™ direct utility function s defined as follows:
U= l'!xh.”.,x;ﬁ. (S TP ¢ Lt 7}

Let Xq.....Xn represent aliernative sites, where N s the total number of sites in the.
individuals chotee set. Let ¢......jy represent exogenous quality atinbuies of the sites.

2 15 the numerre.

The individual’s maximisation problem is 1o choose (%,21 50 a5 to maximise tility
subject to three consteaints: 11) & budget constraint: (i) a constraint that allows the
mdividual to only choose one site at a time and; (17 4 constraint that restricts sites to
be “purchased” in fixed quantities, The last two constraints mtroduce an clement of

disereteness mito the ndividual s eharee.

Next, & conditional indiseet utility function 15 specified which represents the
individual’s maximun utility that can be gained from choosing site /2

U. = V; (q' N NI“pﬂ J = Ii‘ﬂﬂN

where income (M) and the cost of 4 trip to the site (p,) enter in the form (M - p,). The
idividual is then assumed to compare the utility of site j with e utility offered by the
best of the remainin~ sites in the choice set, 1f the utility from chuosingj exceeds the
composite alternative, then j is chosen, otherwise it is not, The individual's observed
choice can therefore be represented by a set of binary-valued indices denoted by

81 veres O
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Randomness | .iters the model hecause the researcher does not know cxa‘ctly what
variables are influencing an individual's utility. This leads to a utility function that is
determitmstic tor the idividual, but stochastic from the researcher's viewpoint. An |
wdisidual’s dectsion rule governing the choiee of site 715 therefore given hy:

8Py, €= {1Vt Mep 4, 5= mas, Vg, Mep 1, all i
{ O otherswise.

where £ 15 the error term Beeause uahty functions tor each site are stochastic,
decisions about site choice are expressed as probabilities. The probability of site

heing chosen 1s given by
Probistte = = Probd Voo, Moo+ e, s max, Vg, Mepa+ 6, all 1

The random unthiy model s made operational by assuming that the £ follow
independent, identiealty distributed, extrente value distribotions. This assumption

vields the multinomeal logw model

Probiosite = p1 = mﬁ-ﬂw iforaliie p

re
Parameters of the utility tuneton ire obtiuned by estimating the mulitnomal Togat
model using maximum hkeuhood. The likehibood tunction gives the probability of
observing a particular sample of chosen sites, assutmrog that a logn distribution with

as yet unknown paramieters of the utility tunction (.. . i generated the data, The

maost probable.

Having estimated parameters of the utility function, it is possible to predict how the
probability of choosing a particular sie will change for each individual in the sumple
following a change to one or more of the site attributes, This 1 useful for gnining an
nsight to how a population of unglers might reatlocate their fishing effort after the | :
introduction of management policies that affect quality attributes such as cateh rate, or ,
the cost of visiting sites.
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Bacause observed choices are assumed to be a function of an economic model of
utility maximisation, it 15 also possible to ealeulate the increase in “per trip” benefits
tor ez b individual following an improvement i cateh rates o some otner quality
attesbute of fishing. The procedures for obtaining welfare measures from diserete
chotee mod 2ls are attibutable w Hanemann (19851 and o Small and Rosen (1981),
fiusenually, the value of an improvement xx fhe amount that trave] cost must be
mcreased to exactly arfset the expected x,ﬂuo of the smpmwnwnu such that the
idivical 1 reustoed p the same fevel of utility as hefore the ukzxxnge, Thisisa
compensatiag vartation measure of wellare. 1w also nossible ta estimate ti.e value an
individudl obtits from baving access o g set of fisking sies and the change 1

weltsre from adding or elminalng o M.

i Shuuktlﬂ“"h

The mam draw hack of the rasdom unbity tnodel s that it cannot explan, By wself, an
ndividual's demimd for total pumber vf tps over the course of a year. This is
hecause the time horzon of the analysis s based on a smgle trip rather than a whole

season This s a mmm probiem beganse improsements Ip quality at a p.uncu!ur sile
or mitens are Bikely e intiuence not oty st individual's chotes of site but alsa the total
auriber of trips demanded. Without an eshuate of fow tap demand will be affected,
it 18 not possible jo valeatite the vhange in henefits over the entire seusor. A variely
ot methods have been empioved vt the l;mr:,zmré truvercome this problem, and are
explamed under “exiensions (o she random unlity mogel”,

4 second limutation of the modt 1s the assmpton that individualy' choices are
independent aross trip ocensions. This is likely to he unrealistic, particu’wly for s
sample that eomprises multiple ohszrvations pe: tndividual. It is morc reasonuble to
expect that an indivigual s choiee of site will be influenced by his/fer previous
eaperience at each site. Adamowic? | 1994) expiores the dynamic elements that
influence choice by using pane! daiu, and coneludes that visitation habits formed by
some 1ndividuals are likely 1o have a sigmbeant jpact o welfare estimates,

Another restrictive assumption of the randorm viility model implies that the '
rrobehilities of choosg sile J in compazison sith site » will depend exelusi vely on

9
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the attribures and prices of these alu.rmxmes and not on the mhu available
posstbilities. ‘This is referred to the independence of irrelevant alternatives {IIA)* and
s clearly an implausible deseription of individuals' decision making process. For
example, suppose there are three sies fo choose from: 1 ;e;kc A, Beach B, and Beach
C A improvement i Beach i likely to reduce the probabilivy of visiting ‘Bm;h B
refative to the probabihity of vissting Lake A, i violation of TA. k

The core of the problenr i the assumption that ms: errors assoctated with the indirect
unhity functron for each aitammtve are murtually mddpzzndem. In the example above, k
the two heaches share all the unohserved characteristies that influence choe of &
heach altermative, so this choice set viokaes the property of 1A Nested models are

commoniy tsed 10 avoid the problem of 1TA tsee below).

Fxeensions to the random utility model

\. least three ympartant extesstons b the ramden unlity madel have evolved in the

Iiterature over the past decide or so. These are hrietly summarised below:

Nested models

oA

In order to erreumyvent the IA problen. 4 nested random stility model ;s employed so
that chowee alternatives which share siular a:haraiumsmm gre bun dled mta groups.
With reference i the example above, individuals are assumed to firstly choose the
hest beach” site and the best Jahe * site, then choose between going lake fishing or

heach fishing based on the respective sie utifities.

This nested strueture conld also be used o model the sequentia choiees of target
species, trip fength and site. For example, anglers mxgm first choose to target a
particutar species then make 4 fuint decrsion about the site they wish to visit and
duration of the trip, conditional on the vhiosen rarget species. A number of
recreational fishing studies have taken this type of approach (eg. Bockstael,
McConneli et al. 1989; Kaory 1995+ Of course, &pecificd;mn of a particular decision
sequence should be treated as a marataned hypothesis and alternative nesting )
structures are likely to wfluence the size of welfare estimates from yualiiy

Improvements.

10
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neorporation of tripp de; 'nd,

A common method of aceos pting lor changes in tnp frequency f’nuowing d¢hange in
quality aitributes 18 to append @ separate model of trip dem 1 the random utifity
model. The two models are *‘li‘n‘ked"lhy an inclusive value index which is included as
a regressor in the trp demand equemon. The inclustve value s caleulated from the
random utlity model and represents the net utility of taking i trip, us it cuptures the
value of different sites weighied by their probatulities of hcmg chosen. Changes in
quality attributes manifest themselves as changes i te inclusive value which, in turn,
generate predictions of nsew participation levels.

Untortunately, the inclusive value approach 15 not entirely consistent with utility
theory because site choiee decisions and tnp demand are not denived using a4 common
utihity massmisation framework (Parsons and Kealy 19951 Another weakness of this
approach 1s that the mcluxm value iereases monotomcally with respect o
destanation gquality. This means that al) individuals are mdimd to ingrease their
participation following a qﬂahty improvement. This is an anrealistic description of
indivrdual’s behaviour as wome people might substitute xeveral trips to a close site
with one trip 0 & distant site 1f cateh rates were only increased at the distant site.
Some recent studies huve avoided this problem by deriving a separate index for
expected price and expected quality, using probabilities from the random utility model
(Feather, Hellersiemn et al. 1995 Parsons and Keuly 19951,

There 15 a growing body of empirical studics thay model recreation demand by
combining, and jointly esiimming* a multisopual model of site chojce with a count
data model for total seasonal trips (Terza and Wilson 1990; Yen and Adamowicz ‘
1994; Shaw and Jukus [996). These models pmdim the number of trips an individual
makes to a particular site over the course of a season, conditional on the total number
trips made to alf sites in the study aren over the same period, Unlike the twmstéxge
demand models described above, parareters in the joint model are estimated
simultaneously by maximising a single Jog likelihood function.
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Specification of cateh rate variable

LA e e o A R

Catch rate s a primary variable of interest because it is likely to have a mujor
influence on angler's fishing decisions, and is also of interest to managers who need to
devise policies to conserve/allocate Fish stocks, Specification of cateh rate us a quality
attribute in the random utility model i complicited by the faet that it is hoth a
stochastic and endogenous variable, It is stoghastic becuss the angler does not know
tor certain what hisfher cateh rate will be before visiting # site. Therefore sites =
chasen on the basis of expected catch. Many studies use mean historical catr 5,
each site as 1 proxy for expected cateh, fliercby imposing the unrealistic re ... .-
that catch be the same for all individuals who visit a particular site, In reany, catch
rate 15 endogenous beeause individuals ave varying levels of experience und can

influence catch by using specialised equipment, bant, und varyimg their length of stay.

Some studies have aceounted for the stochastic and eadogenons 1 wure of the catch

rate varrable by combining a honsehold preduction funcuon with i Poisson process to
estimat- expeeted catch rate for each mdividual in the sample (S‘nmh, Liuetal. 1993;
Kaoru. Smith ¢t al. [995; McConnell, Strand et al. 19551, Cateh per trip is assumed o
follow a Poisson distribution with mean A and vartance . The mean catzh per trip for
individual 1 visiting site ] (2, is deseribed using & household production function

with th following funcuonal form: |

ho= Q= expli, 4 Oy ey 4 Oz Inthy) + 04 8y)

where b, is the hours spent on-site, +r, is the historic cateh rate at the site, and §; isthe
angler's skill level measured in years of fishing experience. The advantage of this
speaification is that catch rate becomes u random variable whose disteibution depends
upon both characteristics of the individual and an exogenous measure of fish '
abundance at the siie, k

Mode! of resauré;? allocation

It is reasonably cusy fe envisage how a random utility model of reereutionsl fishing,
combined with a model of rip demand, could be used to analyse the physical and
ceonomic impacts of various policies that reallocate necess (o shared fish stocks, By

12
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way of illustration, consider Australian salmon, 3 species fished both for commercial
purposes and for sport. Suppose a imanagement agency is interested in determining
how sensitive angler benefits are to changing the availability of Australian salmon,
possibly lhmugh a quota on commercial cateh which parlmlly reallocates stocks tuthe

recreational sector.

Figure 1 depicts a framework for simulating the impaéla of such a policy o the
recreational sector over time. [t shows how changes in key variables (trip frequency,
days fished at each site, and annual benefits) are firstly estimated for indivi ju-l
anglers with a behavioural demand model, then aggregated uﬁ;i'ng 2N eEOREI I
measyte of the unglin&x population. Bmhg 4 dvnamk: mode! the nggregae cins o
~one period influences the level of stocks and cangestion m the nest{osind. Withan
increase in salmon abundance the model might predict lh.u anglers b gin to
conceitrate more of their etfort on salmon. manmm]v choosiny tovisit sies that
offer the highest eateh rates for the least cost, s net chmm* vy annaal benefits woll |
dcpmxd upon the change in “per trip® benefits i the total nmm‘é:f of {rigs oasdc by
anglers. ‘ "

An optimal Tevel of quota can be ﬁmnd hy varying commereia catch until the
combined net present value of reerws wional and cogr e 'l benefits are maximisei
(for sake of convenience, details of the commercial < for medel have been omitted).
The same framewnrk eould be used (o simulate e fmgact of other policies such as
bag limits on recreational cateh combined with livensing, closed reereational GCeSs o
sites, and entry fees to sites for recreational users. The author fs ﬁurr‘eriﬂy conduting
an empirical study of recreational fishing in Westers Australia that uses data from
angler logbooks and creel surveys to estimate a random atility yuode), The mode! will
be used to analyse vatrius policies in the manner deserbed abot e,
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£
Figure 1: Flow chart of » dynamic simulation iodel of reerention denving, The chart

demonstrates how changes in fish abundanee at sites ean be linked to changes in participation
rates and economic henelits,
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Conclusion

Fishery managers tend to maintain  healthy scepticisin about the quality and
usefulness of benefit estimates that are produced by empirical models of recreational
fishing. They are particularly doubtful as to the extent to which these values can be
validly compared to commereial values, This papu has shown how improved
valuation techniques, such as random utility model, might alleviate fhese nonccfns by

14



41" Australian Agricultural and Resource Economics Soclety Conference, 20-25™ Jan 1997

providing benefit estimates that are supported by collaborative observations of

recreational beliaviout,

The randen utiliy model has several nppealing features. Firstly, it is able to
exphiently aecount for the trade of fs that recreational anglers make when choosing a
fishing site aromg a fage aray of sites that are diferentiated by aceess price and
quality - Secondly, the smpact of policies that restrict aceess to sites, affect cateh rates,
or change the cost of visiting a sne, ean be readily analysed becanse demand for
fishung s disaggregated at the individual level, Thirdly, wblf’am measures ibat are
penerated by the random unlity model are detived {rom an underlying mode! of
observed wdividual behaviour. This makes it possible to smulate the magnitude and
redistribution of recreational effort across sttes that might result from implementation
ol a panienlar poley Qutput from the random utiity model is therefore notonly
valuable for making udgements about the cost-henelit of reallocition. but is also

vaduable for wentifying etfectuye ways of controllng reercational effort and ¢ateh.
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