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Coarse angler site choice model with user-based perceived site
attributes

John Deely, Stephen Hynes, John Curtis

Abstract

Choice models are applied to a sample of users of Irish coarse fishing sites. The site
choice models are developed using respondent’s perception of site attributes and
revealed trip frequencies. The random parameter logit is employed to account for
unobserved taste heterogeneity. Willingness to pay estimates are constructed for each
site attribute and a number of policy changes. The results of the site choice model
suggest that accessibility, variety, and the size of fish are significant positive
determinants of site selection for the sampled anglers. Local services have a negative
impact on site selection, whereas the quantity of fish and the level of encounters with
other anglers does not play a significant role. Willingness to pay estimates suggests
that the average willingness to pay for an improvement in access is €3.03. However,
policy scenarios suggest that this figure is not evenly distributed for each site. The
results suggest that the average sampled angler has a willingness to pay of €1.80 for
an increase in fish size at Killykeen, and €2.39 for a marginal increase in size at
Garadice.

Management Implication

A key aim of the Irish National Strategy for Angling Development is to increase the
number of domestic anglers that regularly participate in the Irish angling scene. A
comprehensive understanding of angler preferences may improve management’s
ability to reach this goal. This paper demonstrates that Irish coarse anglers are
heterogeneous in their preferences. The implementation of policy should account for
this by allowing for sites that vary with respect to important site attributes. The model
results suggest that, on average, site access development to sites that contain large fish
away from areas with high levels of amenities would benefit Irish coarse anglers
most. However, due care is need when providing additional access as scenario
estimates demonstrate that access is not uniformly appealing and, that, an
improvement in access at the most visited sites will not necessarily benefit anglers the
most. The results also suggest that stocking sites with large quantities of fish may not
affect anglers, at least with respect to site choice.

Acknowledgement: Funding from Inland Fisheries Ireland 1is gratefully
acknowledged. Our thanks to Paul and Shane O’Reilly for their help in the creation of
the survey and choice set, to the individuals who took the time to take part in the
focus group, and the survey respondents who graciously gave up their leisure time to
fill out the survey.

Keywords: Site choice, travel cost, perceived site attributes, Angler, recreation,
random parameter logit
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1. Introduction

The value of a day spent fishing is impacted by a number of factors including; site
management, site choice, and duration of stay. Anglers’ preference for these factors
have been demonstrated to be influenced by a wide range of personal, demographic,
and site characteristics including; personal beliefs and attitudes (Arlinghaus and
Mehner 2005), race and ethnicity (Hunt et al. 2007a), water quality (Curtis and
Stanley 2016), objective site attributes (Curtis and Breen 2017), traditions and
weather conditions (Hunt et al. 2007b), and duration since last trip (Provencher et al.
2002). In some cases, preferences for site attributes have been found to be influenced
by the species the angler is targeting (Curtis and Breen 2017). This paper focuses on
Irish coarse anglers, their preferences and what those preferences suggest in relation
to managing Irish coarse fishing sites.

The economic contribution of coarse angling to the Irish economy has been measured
by Tourism Development Ireland at €96 million (Inland fisheries Ireland 2015).
However, direct expenditure measures, such as this, provide limited information and
suggests nothing about the fishing site attributes that offer the greatest utility to the
average angler. A number of recent studies have estimated the value of a day spent
fishing in Ireland; Hynes et al (2015) suggested that per trip consumer surpluses for a
day spent fishing ranges from €49 to €277, and Curtis and Stanley (2016) estimated a
per trip value, at the upper end of Hynes et al.’s range, of €264. However, these
estimates use a single demand function for multiple types of anglers, and as such, it
may be inappropriate to attribute these euro values to a single group such as coarse
anglers. Curtis and Breen (2017) suggest that a separate demand function for each
type of angler is more appropriate as different angler types have distinct preferences.
Curtis and Breen (2017) estimated that the per trip consumer surplus for game fishing
in Ireland was more than three times the value of coarse fishing; €787 and €249
respectively.

In addition to welfare estimates, site choice analysis can provide a better
understanding as to why certain sites are chosen over others. This, in turn, can
facilitate better management and lead to a better quality site for consumers. Site
choice models enable the modeller to create an approximation of the decision-making
process undertaken by, in this case, an angler. When an angler is presented with a
choice set containing a number of alternative sites, the choice is often informed by the
bundle of attributes that each site possesses. These attributes will influence angler’s
choice in accordance with the angler’s preferences. The analysis of angler’s choice
can reveal the trade-offs that are implicitly made in a given choice occasion. Policy
can then be developed based on the analysis of revealed angler preferences.

Site choice models have been widely applied to recreational angling demand (see
Hunt (2005) and Johnston et al. (2006) for literature reviews). In a site choice model,
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random utility style models are often used to determine the probability of site choice
and by extension, determine the trade-offs anglers are willing to make to satisfy their
preferences. The attributes of a site, used in the model specifications, can be
quantified in one of two manners; a perceived rating, like the one used in this paper,
or an objective measure, using a scientific measure of the site attributes. An extensive
literature has grown debating the merits of using perceived measures over the often
more convenient objective measures (Adamowicz et al. 1997; Jeon et al. 2005; Farr et
al. 2016). However, the literature has not clearly determined which measures are
superior in site choice models. Adamowicz et al. (1997) argued that models solely
based on perceived measures slightly outperformed models solely based on objective
measures. Elsewhere, Jeon et al. (2005) found that the inclusion of a perceived
measure had a significant impact on site choice analysis of recreational anglers.

There have been some attempts, in the recreational angling literature, to extend
models based on objective measures of site attributes with the addition of a limited set
of perceived measures (Jeon et al. 2005; Artell et al. 2013). In all cases, the use of
perceived measures has been limited to one or two attributes. No paper, to the best of
our knowledge, within the recreational angling literature, has attempted to use a
complete array of subjective site attributes as rated by anglers as the sole method of
measuring site quality. In essence, the angling literature has yet to explore how
angler’s own perception of a site affects site choice. Through the collection of
perceived site attributes and revealed preferences data, this paper explores the
preferences of Irish recreational anglers using a random parameter logit. Additionally,
this paper adds to the literature by exploring the effects of mean imputation on
parameter estimation, which has not previously been dealt with in the recreational site
choice literature.

2. Materials and Methods

2.1 Survey Design

The initial steps of the survey design were to identify a choice set and the attributes
that are thought to impact the selection of a coarse angling site. An iterative approach
was taken to accomplish this. The earliest draft of the survey was developed through
an examination of the relevant literature and discussions with coarse angling experts
at Inland Fisheries Ireland (IFI). The literature search incorporated both academic
literature and recent National Strategy for Angling Development (NSAD) studies.
Once a region was selected, where the survey would be conducted, a focus group of
local anglers was assembled. The focus group helped in the selection of specific sites
and site attributes, as well as giving valuable insight into their understanding of each
element of the survey and how they would answer it if they were sampled. Finally,
prior to the deployment of the finished survey, a pilot study ran from 28th of July to
the 5th of August 2016.

The choice set comprises five angling sites that are thought to be feasible alternatives
for coarse anglers, while still incorporating enough variability amongst the six site
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attributes. The six site attributes were to defined to the respondents as; accessibility to
the site (this includes parking and ability to reach the location that you fished at), size
of fish at the site (On average does this site provide access to good sized fish),
Quantity of fish (on average does this site provide access to a large quantity of fish),
encounters with other anglers, Variety of fish species (are there a large variety of
species of fish at this site) and Local services (these include pub, shops,
accommodation etc...). The respondents were expected to rate these attributes on a
five-point Likert scale for each of the five sites they had visited. To ensure clarity, the
lowest and highest points on the Likert scale were defined for the respondent, for
example, for the attribute variety of fish species the first point on the Likert scale was
marked °‘little to no variety', the highest point was marked ‘lots of variety'. Table 1 of
the appendix contains an example attribute rating table; an identical table was used for
all sites.

The sites of interest are located in the Cavan and Leitrim area of Ireland. Both
counties are located in the north of the Republic of Ireland and border with Northern
Ireland. This geographic location was selected because of its abundance of coarse
fishing sites, making it a popular destination for anglers both north and south of the
border as well as being home to many local coarse anglers.

The choice set is limited to five sites that could a) feasibly be alternatives b) have a
reasonable amount of visitors and c) have ostensibly different attribute levels. The
sites were purposely selected to maximise the number of sites, from the choice set,
each angler may have visited. The five sites selected are Garadice (Leitrim),
Killykeen Forest Park (Cavan), Eonish (Cavan), Dernaferst (Cavan) and Church Lake
(Cavan). The five sites are situated within 30 kilometres of each other. Both Eonish
and Killykeen are fishing sites on the water system Lough Oughter, Church Lake and
Dernaferst are on Lough Gowna and Garadice is a lake with multiple access points.

All five sites have some level of road access but vary in the number of access points,
accessibility for fishing boats, the proximity of parking to pegs, and the number of
pegs available. In order to induce variability amongst fish species, the sites were
chosen from three different water systems. However, in Ireland, most sites that hold
coarse fish will hold similar species. The potential for variability of encounters with
other anglers was determined by the perceived popularity of the site and the number
of pegs it contains. The potential for variability in size of fish and quantity of fish
between sites was informed by expert opinion and focus groups.

2.2 Sampling

Two methods of data collection were used to elicit responses from the coarse angling
community; online and intercept surveying. The online survey was accessible via
SurveyMonkey from the 6th of August 2016 to January 15th, 2017. Potential
participants were contacted through Irish coarse angling Facebook pages, by emailing
local coarse angling clubs, contacting local newspapers and through the IFI newsletter.



19-WP-SEMRU-03

The online survey was completed by 62 individuals, making a total of 4,265
observations.

Intercept surveying began on the 6th of August and ran until the 7th of November.
Individuals were approached and invited to complete the survey. Although this has
the potential to increase ‘length of stay’ bias (Lucas, 1963), the alternative of
interviewing people at the car park or site entrance, was not feasible as car parking
facilities were seldom used as anglers chose to park beside where they fished. Eonish
and Church lake were surveyed 15 times each, Killykeen Forest Park and Dernaferst
were surveyed 13 times and Garadice was surveyed 12 times. The intercept survey
accounts for 43 survey responses and 6,685 observations. In total, the sample is
comprised of 105 survey respondents and 10,950 observations.

The respondents were asked a series of questions about their angling experience as
well as socio-demographic questions. The respondents were also asked to rate each of
the five sites on a set of six attributes as well as provide information on how many
trips they made to each site during the 12 month period prior to completing the survey.
The survey design is developed on the assumption that the choice set describes five
sites that are possible alternatives for every angler in the sample. Any site that was not
previously visited by a respondent was not rated by that respondent. Following Hynes
et al. (2008) and Hanley et al. (2001) sites that were not rated by an angler, had their
attribute levels set equal to the mean of the responses given by all other anglers for
those attributes. The impact of replacing the missing values through this mean
imputation process is further explored in section 4.4 sensitivity analysis.

The travel cost variable was constructed by calculating the distance from the
respondent’s home address to each site and is specified as:

tc = ((travel disance * operating cost) +
(travel time * opportunity cost of time)) =2

(1)

Here, operating cost equals 0.2475 cent per kilometre, which is the operating cost of
running a medium sized car according to the Automobile Association of Ireland. This
assumes that each trip is a day trip, where the individual travels from their home and
back. The opportunity cost of time is taken as 33% of the average hourly wage rate
(Parsons, 2003) assuming a 2000 hours’ work year. No opportunity cost of time is
included to account for time spent on-site.

2.3 Considerations for Sampling Bias

Consideration needs to be given to the ability to combine the on-site and online
survey responses; in particular, it may be the case that younger anglers are more likely
to complete the online survey. The average age of the online cohort is 44 whereas the
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average age of the on-site cohort is 56. However, the sample as a whole seems to
align almost perfectly with the estimated age range of Irish anglers (TDI, 2013). The
current sample is comprised of 15% 18-34-year-olds, 54% 35 — 54, and 31% 55 +.
The TDI (TDI, 2013) estimates suggest that 18% of the fishing population is aged
between 18 — 34, 51% between 35 — 54, and 30% are older than 55 years of age.

Kolmogorov—Smirnov (KS) tests were also used to assess whether there are
substantial differences between the two samples with regard to their perspective on
site attributes. The KS test is a non-parametric test for equality of distribution which
was first proposed by Kolmogorov (1933) and thought to be more powerful than chi-
square test in most situations (Conover 1980). In Kolmogorov style tests the largest
vertical distance between two samples is measured and used to test the hypothesis that;
all values from, in this case, the online sample come from the same distribution as the
on-site sample versus the alternative that at least one value from the online sample
falls outside this distribution. Presented in table 2 of the appendix, the results suggest
that for 24 out of 30 attributes the responses can be considered to be from the same
distribution. Additionally, to control for the effects of the sampling methods used,
several interaction terms are used to account for differences between the on-site
cohort and online cohort.

A further consideration is how the sampling technique may cause biased parameter
estimates. Two forms of bias may be present in the sample through the non-random
sampling methods employed. The first relates to a sample selection bias. When
individuals are intercepted at a particular site, the probability of inclusion in the
sample is correlated with site choice, leading to biased parameter estimates (Hindsley
et al. 2011). The elimination of this form of bias can be achieved by weighting
sampled observations to reflect known population ratios of site choice (Manski and
Lerman 1977). Alternatively, the bias in parameter estimates can be confined to a
single set of parameters. Manski and Lerman (1977) have demonstrated that by
including a full set of alternative specific constants (ASC) the bias can be fully
restricted to these dummy variables. In the case of the models presented here, ASCs
are included as the requisite population ratios are unknown.

The second form of bias is known as endogenous stratification or avidity bias, where
the probability of being sampled is positively correlated with the number of trips the
respondent has taken within some time frame (Hindsley et al. 2011). As a result of
avidity bias, parameter estimates are more heavily influenced by avid anglers than
would otherwise be true. As is common in many recreational site choice models we
do not have accurate information on the total number of Irish anglers using the five
sites or their associated trip frequencies to the five sites. This means that we cannot
generate individual weights that could be used to reduce the influence of the avid
anglers in the sample. Similar to other recreational site choice modelling studies such
as Hanley et al. (2001) and Scarpa et al. (2005) we, therefore, are unable to correct
this issue. However, as pointed out by Hynes and Hanley (2006), the addition of the
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online respondents to the sample should reduce the number of avid respondents by
virtue of the fact that their response is not as a result of being intercepted on-site.

Researcher defined choice set may also lead to biased parameter estimates when
respondent choice set and researcher choice set differ (Peters et al. 1995; Parson et al.
1999; Hick and Strand 2000; Li et al 2015). The literature discusses multiple
consequences of inappropriate choice set assumptions!. Of particular note for the
analysis presented here is how the missing data for unfamiliar sites is treated. The
effects of the mean imputation process used to replace this missing data are explored
in section 4.4 sensitivity analysis.

Finally, the variable encounters, which measures how often a respondent meets or
sees other anglers at a particular site, is likely correlated with other angler’s site
choice leading to endogeneity issues. Reverse causality may indeed be an issue as
encounters 1is likely a function of site choice, although not the sole determinate.
However, the discussion with both the coarse angling experts and focus group, as well
the angling literature on angler site choice (Hunt 2005) suggests that the level of
likely encounters with other anglers is an important determinant of site choice.

3. Econometric models
3.1 Site choice model

McFadden’s (1973) random utility model (RUM) asserts that an individual will
choose the alternative that will maximize her utility on any given choice occasion.
This utility can be written as:

)

Where u,,, 1s the utility received by individual # from choosing site i, 1" is the indirect
utility function, X, is a vector of perceived attributes, y, is individual »’s income,
p;, 1s the travel cost, &, 1s a vector of individual specific characteristics and z,, are
individual specific covariates. &, is the stochastic error term, by definition, unknown
to the modeller and is assumed to be independent and identically distributed (IID)
extreme value type 1. The estimated variable parameters are homogenous across

individuals and, by implication, each individual has the same taste preferences (Train

"' the interested reader may wish to read Li et al. (2015) and Haab and Hicks (1999) for
further insight into the multitude of assumptions and considerations that can be
employed when trying to recreate an individual’s true choice set or consideration set.
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1998). The probability of individual n choosing site i from choice set J can then be
given as:

PI"[:I) = PI‘(V (xz':lzrpiu |9”,Z”j + Ez'_;l':I = V[x_;l'u’pju |gu’zu) + E}-,J H}I € f

3)

The probability of individual n choosing site i is equivalent to the probability that
individual » will receive more utility from visiting site i than any other sites in choice
set J. As only difference in utility matters when calculating the probability of site
choice, individual characteristics like income are differenced away. When the
distribution of the error terms are independently and identically drawn from an
extreme value distribution, the RUM model takes the form of a conditional logit (CL)
(McFadden 1973), where the probability of choosing site i is given as a logit with
scale parameters pu which is assumed to be equal to 1 (Boxall and Adamowicz 2002).

Pr( ) = ratin)
I exp (pVn)

4
3.2 Random parameter logit

The Random Parameter Logit (RPL) as outlined in Train (2009) overcomes the
restrictive quality of the IID error term found in the CL by decomposing the error
term into two separate elements. One part is correlated over alternatives and
heteroskedastic, the other is IID over alternatives and individuals. In this form utility
can be written as:

W, = .Vi:u—l_ [?;rz':u + IEz':u]
(5)

Where 1,,, i1s a random term with zero mean which may be correlated across
individuals and alternatives, &;,, remains [ID. By decomposing the error term the RPL
allows the coefficients of observed variables to vary randomly across individuals. The
choice probability remains logit conditional on individual taste. Marginal probabilities
across individuals need to be integrated over taste distributions which are specified by
the modeller. 1,,, can take on multiple distribution forms (Hensher and Greene 2003).
If it is assumed that it takes a multivariate normal form we can write:

B, ~N(f, )

Where Q is the variance-covariance matrix.
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The conditional probability for any 7,,, is logit:

Pr( i - <ot 1)
Ej.-:__ exp (Vi ¥ 1)

(6)

This logit is then integrated over all values of #,, with appropriate density weightings
to form the unconditional choice probability. After accommodating for an unbalanced
panel data the unconditional choice probability becomes:

J,- H::i'.:u} :Expl:,ul?[n+ Tint) ‘P[}g_’)dﬁn (7)

E':.-:._ EKF':“vjn+ :'i'_fnt:'

Where T(n) is the revealed preference of each respondent, ¢(.) denotes the
multivariate normal density, 5 and Q are the mean and variance parameters which are
estimated from the sample data.

3.3 Welfare estimates

Willingness to pay (WTP) estimates are calculated following Train (2009):

= Fn
WTP= -1

(8)

Where [, represents the coefficient of the attribute of interest for individual » and £, _
is the travel cost coefficient. For the RPL, the coefficient of the attribute of interest is
estimated through simulation. As WTP is simply a ratio, with the travel cost
parameter as the denominator, it is highly influenced by an individual’s marginal
utility of income. In the models presented in this paper, the travel cost coefficient is
fixed to avoid infinite moments of the welfare estimates (Daly 2012). Consequently,
all individuals are assumed to have the same marginal utility of income.

Confidence intervals are constructed using the Krinsky and Robb method (Krinsky
and Robb, 1986), which takes a specified number of draws from a multivariate normal
distribution. The mean and covariance of this distribution are specified to equal the
estimated coefficients and covariance matrix of the site choice model (Hole 2005).
Haab and McConnell (2002) extend WTP estimates to measure the amount one would
be willing to pay to achieve a certain attribute level at one or more sites:

WT'Psirachmm = _(ﬁrcj_l
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[ln[ Zj:l exp (Jé:zxi)] - 1n[2j=l exp (ﬁux::::j]]
)

where f3,_1s the marginal utility of income which, here, is the negative reciprocal of
the travel cost coefficient, 8 is a vector of parameters for individual 7, x? is a set of
perceived site attributes (or travel cost) and x! is the same set of attributes after some
exogenously imposed change to one or more of the site attributes. When applied to
the RPL, WTP estimates for a specific change in a site’s attribute follows the same
specification but need to be integrated over taste distributions (Train 1998) which is
approximated through simulation:

WT'Pszrschnga = ..IFWT'F:':QD(_E"&) dﬁ
= [{(~(B.) ™ [ [ T2, exp (Buxt)] - [Z2_, exp (B xD)]] 0(B.0) df
(10)

4. Results
4.1 Sample Statistics

Table 1 shows the perceived attribute levels as rated by the survey respondents. The
within attribute variance is reasonable given that the attributes are rated on a five-
point Likert scale with most attribute means lying between two and four on the Likert
scale. As the sites were chosen, in part, by the fact that attendance should be
reasonably large, it would be unlikely to see many attributes that were rated very low
on the Likert scale.

Table i: Mean Perceived Site Attribute Rating

Site Accessibility  Size Quantity Encounters  Variety Services
Garadice 427 3.32 3.18 3.57 3.49 3.17
(.79) (.68) (.74) (1.05) (.85) (1.11)
Killykeen 3.19 3.00 3.18 3.64 3.47 2.86
(1.12) (.69) (.83) (1.06) (.85) (1.02)
Eonish 3.44 3.02 3.17 3.17 3.49 2.96

(0.92) (.53) (.64) (91) (.70) (.83)
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Dernaferst 3.43 3.08 3.38 3.62 3.35 3.4
(.95) (.72) (.72) (.77) (.68) (.80)
Church 2.93 2.93 2.98 3.13 3.00 3.34
Lake
(.80) (.68) (.74) (.80) (.60) (.69)

Ratings are rated on a I1- 5 Likert scale. Standard deviation given in parenthesis

As shown in table ii, Garadice was visited by the greatest number of anglers as well as
having the highest number of mean trips. Garadice’s much higher number of total
trips is due, in part, to anglers who took more than 50 trips to the site during the
survey year, with two reporting to have visited Garadice 100 times. Approximately
40% of the respondents who visited Church Lake only visited it once within the past
12 months. In comparison, less than 20% of respondents who visited Garadice or
Killykeen only visited once.

Table ii: Mean and Total Trips Per Site

Number of anglers who have  Mean trips Total Trips
visited each site in the last 12
months
Garadice 71 (67.61%) 15.39 1,093
Killykeen  Forest 70 (66.67%) 7.06 494
Park
Eonish 45 (42.86%) 4.36 196
Dernaferst 43 (40.95%) 6.02 259
Church Lake 33 (31.4%) 448 148

Percentage of sample who visited each site is given in parenthesis

The vast majority of respondents stated that angling was their most important pastime.
Nearly 95% of the anglers considered their abilities to be intermediate or advanced.
The average number of years the sampled anglers have been fishing for was 37 with
80% fishing for more than 20 years.

Table iii: Angling Related Experience of Respondents

Items Frequency Percentage

Importance of angling as recreation:

Most important outdoor activity 85 80.95%
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Second most important outdoor activity 13 12.38%
Third most important outdoor activity 4 3.81%
One of many outdoor activities 3 2.86%
Ability level:

Basic 6 5.71%
Intermediate 43 40.95%
Advanced 56 53.33%
Years fishing:

10 years or less 7 6.67%
11 - 20 years 14 13.33%
21 - 30 years 24 22.86%
31 —-40 years 33 31.43%
41 - 50 years 19 18.10%
51 - 60 years 5 4.76%
61 + years 6 1.20%

The vast majority of respondents were from the Republic of Ireland with only 13%
residing in Northern Ireland at the time of completing the survey. The average
sampled angler was 49 years old, and just over half the sample has completed third
level education.

Table iv: Sociodemographic Characteristics of Respondents

Mean Standard
deviation
Age 48.6 years 13.39 years
Income €43,281 €30,258

Education:

Third level education 50.48%
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Secondary 43.81%
Primary 5.71%
Country of residence:

Ireland 86.67%

Northern Ireland 13.33%

4.2 Estimation Results

Both conditional logit and random parameter logit models were estimated. The
Akaike information criterion statistics suggest that the RPL specification is the
preferred model, compared to the CL. On a more fundamental level, the advantages
that the RPL provides, by allowing correlations in the decision-making process for
individuals across choice occasions, is a much more logical interpretation of how
individuals act in a real-life situation. By allowing for unobserved taste heterogeneity,
in the manner that the RPL does, a closer approximation of the decision-making
process of individual anglers and the sample as a whole is provided. Additionally, the
CL model failed the test for independence of irrelevant alternatives (IIA); a problem
that is overcome by using the RPL. The discussion on estimated results and welfare
estimates will, therefore, focus on the RPL, and will only refer to the CL where
explicitly stated.

Table v shows the results of the econometric analysis. The estimated parameters are
not obviously interpretable; however, direction, magnitude, and significance are easily
understood. A positive coefficient means a ceteris paribus increase in this variable
increases the probability of site selection; the greater the absolute value of the
coefficient the larger the absolute increase in this probability. The alternative specific
constants are dummy coded with Garadice, the most visited, as the reference site. As
discussed in section 2.3, these parameters may be biased, and care should be taken
when interpreting them.

The first set of parameters, presented in table v, are the variables which are allowed to
vary randomly in this application of the RPL. All site attribute coefficients are
assumed to be normally distributed, so that negative, as well as positive values, are
permitted?. The second set of parameters contains the travel cost parameter and

2 One could argue that it would make more sense to specify the quantity and size coefficients to be log-
normally distributed to ensure only positive estimates. Indeed, alternative specifications of the model
were attempted, which included specifying these coefficients as log-normal. However, these models
failed to converge. This is not an uncommon result with RPL models; as pointed out by Hynes et al.



19-WP-SEMRU-03

alternative specific constants, which aim to capture the attractiveness of a site that
remains unaccounted for by the variables of interest. In order to capture heterogeneity
between the on-site and online cohorts, four interaction terms are created. Each of the
four variables is created by interacting a dummy indicating that the individual
completed the survey online interacted with a dummy for each of the alternative
specific constants. The aim of these interaction terms is to capture any difference that
may exist between the two cohorts with respect to their site preference.

Table v: Results of Conditional Logit & Random Parameter Logit

Conditional Logit Random Parameters Logit
Standard

Deviation

Mean of Coefficient Mean of Coefficient of
Coefficient
Random Parameters
Access at Site 0.092(0.032)*** 0.354 (0.081)*** 0.714
(0.067)***
Local Services -0.300 (0.034)*** -0.335 (0.109) *** 0.752
(0.106)***
Size of Fish 0.053 (0.051) 0.225 (0.113)** 1.589
(0.128)***
Quantity of Fish 0.113 (0.042)** 0.024 (0.104) 1.472
(0.175)***
Variety of Fish 0.182 (0.053)*** 0.331 (0.111)*** 1.366
(0.143)***
Encounters with other Anglers -0.008 (0.038) 0.014 (0.075) 1.060
(0.138)***
Fixed parameters
Travel cost -0.065 (0.004)*** -0.080 (0.009)***
Killykeen Forest Park -1.108 (0.097)*** -0.761 (0.251)***
Eonish -2.114 (0.118)*** -1.400 (0.224)***
Dernaferst -1.189(0.120)*** -0.508 (0.294)*
Church Lake -2.336 (0.208)*** -1.267 (0.355)***
Heterogeneity in mean, parameter:
Killykeen Forest Park: online -0.879 (0.135)*** 0.087 (0.337)
Eonish: online -1.479 (0.170)*** 0.561 (0.299)*
Dernaferst: online -0.725(0.164)*** 0.490 (0.381)
Church Lake -1.728(0.235)*** 0.357 (0.394)
Log likelihood function -2551 -2066
Akaike information criterion 5132 4174
Bayesian information criterion 5241 4327

Figures in parenthesis are standard errors. All figures under conditional logit are fixed parameters.
*** indicates significant at 1% ** indicates significant at 5% * indicates significant at 10%

As expected the travel cost coefficient is negative and significant, indicating that an
increase in cost will result in a decrease in the probability of site selection. The
coefficients of the alternative specific constants are all negative, indicating that,
Garadice has some features that draw the sampled anglers to it, as opposed to the
other four sites in the choice set. Only one of the four interaction terms is significant,

(2008) non-convergence may result in cases where restrictions in the choice of distributions are
employed when using maximum simulated likelihood because of its reliance on gradient methods to
find the maximum.
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suggesting that the online respondents are more likely to choose Eonish in comparison
to their on-site counterparts.

For the sampled anglers an increase in access is associated with a higher probability
of site selection. Services®, which include; accommodation, pubs, and shops, has a
negative and significant impact on site choice. This may indicate that the sampled
anglers generally choose sites that are more remote and require few local amenities on
their fishing trips. Variety plays a positive and significant role in site selection for the
sample. The estimated parameter for encounters is non-significant suggesting that for
the average sampled angler site choice is not correlated with the level of encounters
with other anglers. The quantity of the fish at the site was not a significant driver of
site choice amongst the sample. However, the size of the fish at a site seems to play an
important role in site choice for the sampled anglers as they tend to choose sites with
large fish.

Broadly speaking the results of the CL and RPL are similar. Nevertheless, some
noteworthy differences do appear. The results of the CL suggest that size of fish has a
non-significant effect on site choice whereas once preference heterogeneity is
controlled for the RPL results suggests that size of fish has a mean positive impact.
Conversely, the quantity of fish plays a significant role in the CL model but does not
in the RPL.

4.3 Welfare Estimates

WTP estimates for a marginal change in a site attribute are presented in table vi. As

outlined in section 3.2 these estimates were computed using the Krinsky-Robb
method (Krinsky and Robb, 1986) with 5,000 draws.

Table vi: Willingness To Pay Estimates (€ per person/trip)

Attribute Conditional Logit Random
Parameter Logit

Access at site 1.42 (0.43 -2.41) 4.44 (249 -6.79)
Size of fish 0.82 (-0.75-2.38) 2.79 (0.10 - 5.77)
Local Services -4.62 (-5.72 - -3.51) -4.20 (-6.95 - -1.57)
Quantity of fish 1.74 (0.45 - 3.03) 0.30 (-2.24 — 2.98)

3 The initial sample set used for this analysis included overseas anglers. They were not used in the final
estimation due to the absence of travel cost information. However, the results of an RPL model that
included the foreign visitors suggested that for Irish anglers, services had a negative and significant
impact on site choice but for overseas anglers, local services had a positive and significant impact.
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Encounters with Other Anglers -0.13 (-1.29 - 1.02) -0.18 (-1.67 — 2.06)

Variety 2.80 (1.13 - 4.6) 4.15 (1.40 — 7.41)

Estimates indicate a euro value WTP per trip for a marginal increase in the perceived value of an
attribute. 95% confidence intervals shown in parenthesis.

The sampled anglers have a WTP of €4.44 per trip for a marginal increase in the
perceived level of access. Estimates suggest that these anglers, on average, would be
willing to pay €2.79 per trip for a marginal increase in the perceived size of the fish at
a site. The estimates suggest that the sampled anglers are willing to pay €4.20 per trip
for a decrease in local services. After accounting for the observed heterogeneity, the
average sampled angler, has a WTP of €4.15 for an increased in perceived variety.
WTP estimates for both encounters with other anglers and quantity of fish were not
statistically different from zero.

WTP estimates are extended to assess how a variety of changes to a site’s attribute
would affect the sampled anglers. The first estimate presented investigates how an
increase in access at each of the five sites would impact the sample on a per choice
occasion basis. Then, WTP estimates are presented for an increase in size at Garadice
and Killykeen, the two most popular sites, as well as averaged across all five sites. In
both cases the exogenously imposed change is a one unit increase on the five-point
Likert scale e.g. for those who said that accessibility was three at Garadice, their WTP
is calculated as the difference between accessibility being three and four for Garadice.
Importantly, attribute ratings are restricted to five on the Likert scale. This will have a
significant impact on the WTP estimates for sites that are already highly rated for that
attribute. Anglers who rated a site as being five out of five on accessibility will, in
essence, be excluded from the WTP calculation (i.e. there is no difference between the
status quo and a change in policy for those anglers).

Table vii: Willingness to Pay for a Change in a Site’s Attributes

Site Attribute Per  person/choice  95% confidence
occasion, € intervals
Garadice Unit increase in access ~ 2.26 2.05-2.47
Killykeen Unit increase in access ~ 3.53 3.29-3.78
Eonish Unit increase in access ~ 3.27 3.05-3.49
Dernaferst Unit increase in access  2.71 2.53-2.89
Church Lake Unit increase in access ~ 3.39 3.18-3.61
Garadice A unit increase in the  2.39 1.80 —2.98

size of fish



19-WP-SEMRU-03

Killykeen A unit increase in the 1.80 1.21 -2.39
size of fish

Average across all  Unit increase size of 2.17 1.59 -2.76
five sites fish

The results suggest that the sampled anglers may benefit most from an increase in
access at Killykeen and least from an increase in access at Garadice. The relatively
low WTP for an increase in access at Garadice is, in part, due to the large number of
anglers who rated Garadice as having access worthy of a five out of five rating.

As a TDI (TDI 2013) report suggests that fish quality (both size and quantity) is the
most appealing aspect of Ireland as an angling destination. Consequently, analysis has
been extended to demonstrate how a change in the size of fish may affect coarse
anglers. Simulations were conducted demonstrating how a change in the size of fish at
Garadice, Killykeen and averaged across all five sites would impact the sampled
anglers. This change has been specified to be a one unit increase in the perceived size
of fish as measured on the five-point Likert scale.

The results of this simulation suggest that the per choice occasion increase in welfare,
for a 1 unit Likert scale increase in the size of fish is €2.39 at Garadice and €1.80 at
Killykeen. Averaged across all five sites the WTP is €2.17 per choice occasion.
Additionally, it may be true that an increase in the size of fish may induce anglers to
take more fishing trips during the year, which would have a much greater impact on
consumer welfare.

4.4 Sensitivity analysis

Biased parameter estimates are often an issue of concern in economic modelling.
Parameter estimates can be biased through numerous mechanisms, some of which
have been previously discussed in section 2.2. Of particular concern with the methods
used here and elsewhere (Hynes et al. 2008 and Hanley et al. 2001) is the practise of
replacing unrated site attributes with the mean rating given by all other anglers.
Following Hick and Strand (2000), Peters et al. (1995), and Adamowicz et al. (1997)
we create two data sets; the first is the full data set with mean imputed missing values,
the second is a restricted data set using only familiar sites, in this case, the sites that
were rated by the respondents.

As suggested by Parson et al. (1999) the results of the restricted choice set may
undervalue the disutility of an individual’s travel cost For example, if an angler is
sufficiently satisfied with Garadice he/she may not be willing to travel 45 more
minutes to Church Lake, even though they are aware of the site. In this example, the
angler has a preference for less travel cost and as a result, Church Lake is not visited
by the angler and is, consequently, unrated. The restricted choice set will not capture
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this disutility as Church Lake is simply dropped from the individual’s choice set. This
may result in a travel cost coefficient biased upward towards. Of particular interest is
the comparison between the site attribute coefficients across the two choice set

specifications. If the parameter estimates are the same, across the models, this would
suggest no bias through the mean replacement procedure.

Table ix: Results of Conditional Logit & Random Parameter Logit using constricted and extended

choice sets

Attributes Conditional Conditional Random Random parameter
Logit Logit parameter Logit Restricted
Extended Restricted Logit Extended  Choice set
Choice Set Choice Set Choice Set

Random Parameter

Access at Site 0.092(0.032)*** 0.053(0.034) 0.354(0.081)*** 0.225(0.091)**

0.639(0.062)*** 0.568(0.066)***

Local Services -0.300(0.034)***  -0.183(0.038)***  -0.335(0.109)**  -0.102(0.103)

Standard Deviation 1.837(0.183)*** 0.971(0.120)***

Size of Fish 0.053(0.051) 0.123(0.054)** 0.225(0.113)** -0.140(0.118)

Standard Deviation

Quantity of Fish

Standard Deviation

Variety of Fish

Standard Deviation

0.113(0.042)**

0.182(0.053)***

0.154(0.046)***

-0.089(0.060)

1.432(0.129)**

0.024(0.104)

0.592(0.092)***

0.331(0.111)***

1.462(0.177)**

0.963(0.160)***

-0.025(0.085)

0.070(0.069)

0.272(0.107)**

0.561(0.089)***



Encounters with other

Anglers

Standard Deviation

Fixed parameters

Travel cost

Killykeen Forest Park

Eonish

Dernaferst

Church Lake

Heterogeneity in mean,

parameter:

Killykeen Forest Park:

online

Eonish: online

-0.008(0.038)

-0.065(0.004)***

-1.108(0.097)***

-2.114(0.118)***

-1.189(0.120)***

-2.336(0.208)***

0.879(0.135)***

1.497(0.170)***

0.035(0.042)**

-0.041(0.005)***

-1.105(0.117)**

-1.933(0.125)**

-1.450(0.177)***

-2.27(0.267)***

0.967(0.150)***

1.418(0.182)***
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0.014(0.075)

0.0163(0.064)

-0.080(0.009)***

-0.761(0.251)***

-1.400(0.224)***

-0.508(0.294)*

-1.267(0.355)***

0.087(0.337)

0.561(0.299)*

0.168(0.082)**

0.382(0.083)***

-0.062(0.010)***

-1.404(0.283)***

-1.407(0.213)***

-1.529(0.376)**

-2.577(0.477)***

1.037(0.343)***

0.808(0.302)***
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Dernaferst: online 0.725(0.164)*** 1.307(0.215)*** -0.490(0.381) 0.717(0.426)*
Church Lake: online 1.728(0.235)*** 1.968(0.291)*** 0.357(0.394) 1.808(0.519)***
Log likelihood function -2551.1284 -1989.4099 -2066.001 -1756.6589
Pseudo R2 0.2762 0.2005

Akaike information  5132.257 4008.820 4174.001 3555.318
criterion

Bayesian information 5241.773 4112.412 4327.324 3700.346
criterion

For the majority of the parameter estimates the sign remains constant
throughout. Access is positive across all models with overlapping confidence
intervals in the CL and in the RPL. However, it is not significant in the restricted
choice set model. Local services is negative with overlapping confidence intervals in
the RPL estimates. The variable size of fish is positive and significant in both the
restricted choice CL and the extended choice set RPL but non-significant in the
extended choice set CL and the restricted choice set RPL. The variable guantity of fish
is positive and significant in both CL. models and non-significant in both RPL models
with overlapping confidence intervals in both cases. Variety of fish is positive and
significant for all models except the restricted choice set CL.

Encounters with other anglers was positive and significant for both the restricted
choice set models but non-significant in the extended choice set models. This may
indicate bias from the mean imputation process. As expected, for both estimates of the
travel cost variable based on the restricted choice set data are lower than the estimates
based on the extended choice set models. It is also interesting to note that the pseudo
R-squared indicates a better fit for the full choice CL model in comparison to the
restricted choice set CL model.

5. Discussion
Although many of the results presented in this paper conform to a priori expectations
(access, size of fish, and variety of fish species) some results seem to have counter-
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intuitive parameter estimates. The parameter estimates for services and quantity of
fish do not suggest, as one would expect, that an angler would prefer a site with
greater levels of these attributes. However, these results seem to align with the most
relevant literature on the topic.

The parameter estimate for local services was negative and significant suggesting that
anglers prefer sites away from areas with good local services. The effects of local
services on angler participation have been relatively unexplored within the Irish
recreational angling literature as only one paper (Curtis and Breen 2017) has
employed any form of services to determine angler participation. Curtis and Breen
(2017) found that the presence of tackle shops had a negative but non-significant role
in the determination of trip length for a sample of Irish and overseas coarse angler.
For a sample of game anglers, Curtis and Breen (2017) found that accommodation,
and a good provision of pubs, dining, and family activities had a non-significant
impact on trip duration*. However, the presence of a fishing guide was positively
correlated with trip duration for game anglers. Although the sample used for our
analysis was solely Irish coarse anglers, previous estimation results, that used a
sample of both Irish and overseas anglers, suggested that Irish anglers preferred less
local services and overseas anglers preferred more local services. In light of these
results, it may not be surprising that Curtis and Breen’s sample of Irish and overseas
coarse angler would have a non-significant impact on angler participation.

The non-significant parameter estimate for the variable quantity of fish is in direct
contention with a priori expectations that anglers prefer sites with more fish. However,
this result is also supported by the literature; the level of fish stock did not have a
significant impact on the number of days spent fishing or the number of trips taken in
a year for a sample of Irish game, coarse and sea anglers (Curtis and Stanley 2016)
fish yield was found to be a non-significant determinant of trip length for Irish game
anglers (Curtis and Breen 2017), and using, a sample of Irish coarse anglers, Curtis
and Breen (2017) found that the ability to catch specimen fish was a positive and
significant determinate of trip length but bag weight (total weight of fish caught) was
negative and significant. Curtis and Breen (2017) have interpreted their results to
mean that anglers spend more days at a site that has larger fish but less overall
quantity of fish