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Modelling recreational angling demand in Sweden 
based on region-specific inclusive values* 

 

Johan Gustavsson†, 2017 

 

 

Abstract: This thesis endeavours to model a trip demand function for recreational 
angling in Sweden, including the individual expected per-trip utility of regional 
attributes. The analysis is conducted with the use of a Random Utility Model (RUM) 
for the estimation of ‘site-specific’ utility, and a negative binomial logit model for 
trip demand. The site quality variable is stated as expected catch-rates (CR) defined 
in terms of three different specifications: sample mean CR, individually perfectly 
foresighted CR, and an econometrically predicted individual CR. Results indicate 
that the econometrically estimated individual catch-rate specification performs well 
as an explanatory variable both when modelling discrete site choice and trip demand, 
while the sample mean and perfectly foresighted CR specifications provide with 
unintuitive and insignificant parameter values. The inclusive value of the region 
chosen by the angler, estimated with the RUM, was subsequently found to be a 
significant predicting variable for the number of recreational angling trips conducted 
by Swedish anglers.  

Keywords: Recreational fishing, Random Utility Model, water resource 

management 

 

 

1. Introduction 

The attainment of this thesis is to fit a trip demand model for recreational angling in 

Sweden including the individual per-trip utility (i.e. the inclusive value) of the region 

visited by the angler. The inclusive value is estimated using a Random Utility Model 

(RUM) of discrete site choice, while trip demand is modelled as a probabilistic choice 

of number of trips. This should be considered a timely and adequate research topic, 

ensuing the increasing importance of estimating non-market hydro values in conformity 

                                                             

*I consider this thesis to be a dedication to J.G. Bennett’s proposition of hazard. I am, alone, responsible 
for the written content, statistical computations and the citing.  
† johan.gustafsson01@umu.se, Umeå University 



2 
 

with the European Union’s Water Framework Directive (WFD). A set of different site 

quality variable specifications are tested in consonance with the proposed catch rate 

specifications of previous literature to provide with an adequate trip demand model for 

recreational angling in Sweden. The results of this thesis allow for critique and feedback 

of the underlying survey from the Swedish agency for marine and water management 

(SCB, n.d.) from an economical perspective. Augmenting and revising the content of 

the survey could possibly facilitate future economic analyses of recreational angling, 

and provide with more accurate and adequate managerial- and policy 

recommendations.  

Recreational angling is a leisure activity with a strong foothold amongst the Swedish 

population. Approximately 1,6 million Swedes, corresponding to more than 1/9th of the 

population, report that they go fishing at least once on a yearly basis (Havs- och 

Vattenmyndigheten, 2017). The annual total number of recreational fishing days has 

been estimated to about 15.9 million, with anglers being entitled the options of both 

inland and coastal fishing with a wide range of fresh-water, salt-water and brackish 

properties suitable for an abounding selection of possible metier choice and species 

targeting (Carlén et al. 2016). The benefits of recreational angling are seldom relegated 

to pure catch-specific values, but also includes perceived scenic values, weighted 

subjectively by the individual angler. Additionally, studies have found that recreational 

anglers face positive effects on health and well-being (Jensen, 2008; McManus et al., 

2014). Contrasting commercial fishing, an activity which adheres to concise market 

mechanisms with conducting price and quantity fluctuations, recreational angling is 

associated with more abstract intrinsic economic values (Freeman, 2003). Recreational 

angling demand should therefore be estimated based on including how individuals 

subjectively and heterogeneously value the qualities of the recreational sites visited (e.g. 

Bockstael et al., 1991; Van Bueren, 1999; Freeman 2003). 

The economic literature addressing recreational angling demand and welfare estimates 

typically follow in the shallows of hydro-related policy measures, based on site-quality 

improvements such as increased fish stocks and biodiversity restauration (e.g. Bostedt, 
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et al. 2016; Alexander, 1995; Tay & McCarthy, 1994). With the ongoing 

implementation of the WFD (Directive 2000/60/EC, 2000), water resource 

management (WRM) has gained an increased importance within the ecological policy 

sphere of Sweden. A prominent example of such a policy target is the environmental 

degradation of Swedish coastal waters due to eutrophication and acidification, 

damaging fish spawn areas and diminishing the biological diversity (Havs- och 

Vattenmyndigheten, 2017). Due to these policies addressing large geographical areas, 

this thesis will consider an aggregated measure of sites, i.e. regions, rather than specific 

lakes, streams or coastal areas. Including both coastal and inland angling is of particular 

interest since the rare brackish properties of the eastern Swedish marine allow for the 

presence of fresh water species in coastal waters. This unique property allows for anglers 

to more smoothly substitute coastal sites for inland sites without necessarily having to 

compromise on the set of targeted species (Havs- och Vattenmyndigheten, 2016). 

There exists a broad and extensive literature on recreational fishing demand modelling 

and valuation, but previous studies on Sweden does not account for site-specific values 

of the region chosen for angling (see Carlén et al., 2016). This thesis aims at 

complementing previous literature by estimating trip demand for recreational fishing 

in Sweden in terms of the inclusive value of recreational site choice.  

The thesis is organized as follows. Section 2 provides with a review of theory and 

literature. The methodology is outlined in section 3 completed with limitations and a 

discussion of the shortcomings of the models. The survey data is summarized and 

discussed in section 4. Section 5 provides with results of the empirical estimations, 

followed by a discussion in section 6. Section 7 concludes. Some descriptive statistics 

and regression output have been relegated to the appendices. All statistical 

computations were conducted with STATA IC.  
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2. Theoretical Framework & Literature Review  

 

2.1 Demand for recreational services & Travel cost  

Estimating the economic benefits associated with ecosystems and sites utilized for 

recreation is associated with two key features: (1) The perceived value of site 

characteristics, and (2) the absence of proper market allocation of access to the 

recreational site (Freeman, 2003). Site characteristics can be viewed as the factors 

influencing the recognized quality of a recreational site, such as catch-rates of fish, the 

presence of certain flora and/or fauna, the scenic features, et cetera. These 

characteristics may in turn be affected by, for example, competing economic activities, 

air- and water-pollution, and managerial regulations. Although difficult to observe and 

quantify, disregarding the values of site characteristics would lead to a facile 

approximation of the benefits of preserving site qualities for the management and policy 

makers (Hanneman, 1978). 

The second obstacle for sufficient resource management of recreational sites is the 

frequent absence of proper accessing prices. Allocation of access is typically not 

determined by market mechanisms, and the subsequent non-excludability often 

associates recreational sites with public good-properties1 (Freeman, 2003). Estimating 

demand based on zero pricing will provide unintuitive results on individual valuation 

of access, and the willingness to pay will be unrevealed and unknown for the 

management and the researcher (Bockstael et al. 1991). Stemming from Harold 

Hoteling’s famous letter to park services in 19472, the absence of access fees can be 

negated by proxying an access price with travel costs. The intuition can be concisely 

summarized as follows. Visiting a site for recreational purposes will impose a cost on 

the recreationist in the form of the cost of travelling to the specific site. These costs 

will vary over individuals, and over the feasible set of site alternatives that the 

                                                             

1 Regarding non-depletion, the reasoning is not as stringent. If considering catch and release, which has 
grown increasingly popular amongst recreational anglers as a technique for conservation, the non-
depletion criteria is fulfilled at least to a significant extent.  
2 About 12 years later implemented independently by Trice & Wood (1958) and Clawson (1959). 
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individual faces. The travel cost can subsequently be used to impute a demand function 

for recreational angling to compute consumer surplus.  

While basic travel cost methods have been used extensively in the past (e.g. Sorg and 

Loomis 1986; Loomis 1991; Milon 1991), it fails to properly value site quality changes. 

However, if site quality is included in the analysis, two potential analyses can be made 

to capture the effects of quality changes (Freeman, 2003): 

(1) If individual behaviour is observed over a ‘substantial’ time period, several 

trips to different recreational sites are allowed to be made. Variations in 

travel costs and number of trips being made can then be used to estimate 

trip demand functions.  

(2) If individual behaviour is observed at a specific point in time, behaviour can 

be modelled as a discrete choice. This is conducted using a RUM, estimating 

the parameter values of an individual’s indirect utility function of visiting a 

specific recreational site. 

Modelling trip demand solely based on travel costs and site quality will provide with a 

simple, albeit facile, model framework. The analysis would neglect the influence of 

unobservable qualities of different sites on individual choice behaviour, and might 

therefore over- or underestimate the predicted number of trips of the individual. This 

proposition exclaims a limitation of Carlén et al. (2016), where no discrete choice 

modelling is conducted.   

The RUM framework alone serves the purpose of explaining the discrete choice of why 

the individual chose a specific site for recreation3. Bockstael et al. (1987) managed to 

link the RUM with a trip demand model by estimating an inclusive value index which 

is the expected utility per trip based on site choice. This inclusive value is then used 

as an independent variable in the trip demand model, capturing the effects of travel 

costs and site quality. Improving the quality at a certain site would then increase the 

                                                             

3 Augmenting the RUM for participation choice and observing repeated choices over a substantial 
time-period would allow for the use of a repeated discrete choice model. For application, see Morey et 
al. (1993).  
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index value and indirectly increase the predicted number of trips being made by the 

individual visiting that site. For management purposes, this allows for a less reduced 

form approach to modelling welfare effects of quality improvements. This study will 

therefore complement Carlén et al. (2016) by including the effect of per-trip utility of 

site choice on the number of trips being made by the individual angler.   

 

2.2 Site choice - Random Utility Model of discrete choice  

Following Bockstael’s inclusive value method, a set of literature4 has made welfare 

estimation studies based on this model augmentation. Van Bueren (1999) and Zhang 

(2003) estimates fish species- and access-values for a selection5 of recreational angling 

sites in Western Australia. Both studies estimate the marginal welfare effects of changes 

in certain fish stocks, nested by similar species attributes. A limitation of their studies 

is the sample-absence of non-anglers or anglers who did not choose to fish during the 

survey period. This could imply an underestimation of benefits, as site quality 

improvements might cause individuals to ‘enter’ the market for recreational fishing, 

ceteris paribus. It is also unclear whether Van Bueren (1999) considers that increased 

catch-rates when modelled as a production function of both individual and site inputs, 

is not necessarily limited to site quality improvements, but also influenced by 

accumulated angler skills.  

The RUM provides with a seemingly sufficient model framework for explaining the 

individual choice of site for the recreational purpose (Bockstael et al. 1987; Bockstael 

et al. 1991; Feenberg and Mills 1980). Consider an individual � who faces a set of � 

recreational sites to choose from. The individual will choose the site � which maximizes 

its utility of recreation, ���. ��� is derived from a set of influencing variables including 

                                                             

4 Additional reading regarding the application of RUM in recreational valuation literature includes Lew 
and Larson (2005), Navrud (1999), Adamowicz (1994) and Walsh et al. 1992.  
5 Defining the set of feasible sites for the individual to choose from, in addition to the problem of 
aggregation bias, should be reviewed properly due to the limitations on substitutability that follows from 
strict definitions of site choice sets (Parsons & Hauber, 1998). 
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travel costs and a vector of site characteristics. The indirect utility of individual � 

choosing site � can be expressed as follows.  

 ��� = ���(	� − ���� , ���) (1) 

 

Where 	� is the income of individual � and ���� is the travel cost for individual � of 

accessing site �. ��� is a vector of site attributes which proxies the individually perceived 

quality of site �. This vector is in the theoretical definition purposely left vague due to 

site quality being an abstract, often unobservable concept which varies heterogeneously 

over the individuals perceiving it.  

Established from the utility maximizing theory of the consumer, the condition for an 

individual to choose site � over any other site � within the feasible set of choices can 

then be stated as follows.  

 ����	� − ���� , ���� > ��� (	� − ����, ���)  , ∀ � ≠ � (2) 

 

This condition states that an individual � will choose � over any other site � if the 

indirect utility of visiting site � is greater than visiting any site �.  

One of the limitations of the RUM is in terms of choice set specification being 

subjectively determined by the researcher. Hicks & Strand (2000), Parsons & Hauber 

(1998), Peters et al. (1995), amongst others, provide results indicating that parameter 

and welfare estimates are sensitive to changes in the choice set definition. Following 

Hicks & Strand (2000), the choice set specification can be categorized by familiarity, 

distance, or by allowing for a full choice selection. The familiarity-defined choice set 

demands detailed information of the geographical knowledge of the angler, and is rarely 

available. The distance-based model is motivated by the founding’s of Parsons and 

Hauber (1998) whom concludes that omitting remote sites have negligible impact on 

welfare estimations, but without controlling for species targeting it may not converge 

with true estimates. It is also discussed to be more applicable on coast-sites since anglers 
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and their familiarity with sites should be distance dependant due to the continuous 

nature of coast-lines compared to lakes (Zhang et al. 2003). The full choice assumes 

that each individual faces the same feasible choice set of recreational sites. This might 

be a source of bias due to the unlikeliness that all anglers have the same possible choice 

set for a given trip. However, due to the level of aggregation regarding site specifications 

in the underlying survey-data, it is difficult to appropriately motivate omitting any site 

by the criteria of familiarity or distance. Therefore, this study will implement the full 

choice-set approach when defining the feasible set of recreation site alternatives for the 

individual anglers. Following the underlining survey, 9 regions are specified. The inland 

regions are: Svealand & Götaland, Norrland, and ‘the big lakes’. The marine regions 

are: The Gulf of Bothnia, the actual Baltic sea, the southern Baltic sea, Öresund, 

Kattegatt, and Skagerak.  

 

2.3 Site quality specifications   

Following the specification of choice set, the site quality variable needs to be defined. 

As previously stated, site quality attributes are typically abstruse bundles of site 

characteristics, which demands a certain amount of hypothesizing to provide with 

quantifiable quality variables in consonance with a given recreation context. The 

specification should also preferably be of policy concern to provide with valuable 

estimations for managerial purposes and economic analyses.  

In the context of recreational fishing studies, catch rate is indisputably the most utilized 

proxy variable for site quality in RUM analyses6. However, catch-rate specifications 

vary over studies. The most popular approach is to model catch-rate with individual- 

and site-specific indexes, estimated by a production function specification (e.g. Van 

Beuren, 1999; McConnell et al., 1995; Whitehead and Haab, 2000; Lipton and Hicks, 

2003). Depending on the data availability, these catch-rates might be estimated as 

                                                             
6 An argumentum ad populum, but it is hard to argue against the presumed substantial importance of 
catch when studying the behaviour of recreational fishermen.  
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time-variant values, while considering alleged species targeting. Lipton and Hicks 

(2003) incorporates bottom temperature and dissolved oxygen as explanatory variables 

for expected catch-rates, and show that there is a negative effect of low levels of 

dissolved oxygen on catch-rates. This specification allows for focused policy 

recommendations with regards to water quality improvements: as the policy targets 

the decrease of oxygen-levels, catch-rates are explicitly improved assuming policy 

success. Van Beuren (1999) show that the results of random utility modelling and trip 

demand predictions are eminently sensitive to changes in catch-rate specification. As 

the catch-rate is assumed to be a major variable in the individual’s indirect utility 

function of choosing a certain site for recreation, this conclusion will be considered in 

this thesis as well. Van Beuren (1999) concludes that the best fitting specification of 

the RUM includes an ex-ante specification of individual expected catch-rates, where 

individual angler perceptions are revealed. Specifying expected catch rates as a function 

of perceptions allow modelling expectations without objective catch-data. However, this 

demands a dimension of the survey to capture the individual’s own perceptions of 

catch-rate at the site(s) it plans to visit, which is unfortunately not available in the 

underlying survey data of this thesis. Instead, expected catch-rates will be specified in 

three ways: (1) the sample mean catch rates (site specific), (2) Individual, site specific, 

perfectly foresighted catch rates (ex-post), and (3) Predicted individual catch rates, 

estimated econometrically.  Due to the limiting time-scope of this thesis, catch rates 

will not be estimated species-specific. This simplification is also motivated by the lack 

of species-targeting information, and due to the relatively few documented observations 

of certain species caught. Also, no previous studies on Sweden have nested fish species 

in an economic context. This would demand an excessive amount of time following 

interdisciplinary research for adequate nesting, which were deemed as unachievable 

within the time-scope of this thesis.  
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3. Methodology  

 

3.1 Trip Demand  

Trip frequency have been shown to be sufficiently modelled using a count model 

framework, such as the Poisson model or the more generalized form of a negative 

binomial model. This follows the integer-defined values of trips and the natural 

censoring at zero (a negative number of trips is not possible, nor does it make 

hypothetical sense) (Hellerstein & Mendelsohn, 1993). The negative binomial model 

was implemented in this study to accommodate for the suspicion of over-dispersion of 

the data7 (by including a parameter that controls for unobserved heterogeneity in the 

count data). As the standard Poisson model lacks modelling variance flexibility, it 

might estimate biased parameters (Booth et al., 2003), and was therefore deemed as 

inappropriate for this analysis. A summary of the mean and variance of the dependent 

count variables are presented in table A.1.  

In consonance with the underlying survey data, and the previous study of Carlén et al 

(2016), trips are defined as “number of days spent fishing”. This definition raises two 

potential causes for concern: (1) This specification does not make difference of spending 

an entire day actively fishing or, for example, spending half the day actively fishing. 

The effort of the angler might subsequently be overestimated. (2) � fishing days does 

not necessarily correspond to � travels. The individual angler might travel to a site, 

sojourn for � fishing days, and then travel home. This might lead to a distortion of 

true travel costs/trip values, but due to the survey specifications, this is not easily 

parried. Caution is therefore needed when interpreting the size of the estimated 

parameters.  

Two different main specifications of trip demand are made in this study. The first trip 

demand model (eq. 1) defines per trip travel costs, and catch rate specifications as 

explanatory variables. The second model (eq. 2) indirectly estimates these effects by 

                                                             

7 Cause for concern stem from the reasonable assumption that many individuals make few trips, while 
there are few individuals that make many trips. This would cause the conditional variance to be greater 
than the conditional mean, which does not coincide with the equi-dispersion of the Poisson process.  
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the inclusive value of choosing a specific site. Both specifications include a set of dummy 

variables with certain control properties. ��	����� takes the value 1 if the individual 

has reported any days spent fly-fishing. It can be hypothesized that fly-fishing proxies 

a higher angler dedication level, as it demands more effort by the angler to master fly-

fishing compared to more novice-friendly metiers. It is subsequently expected to have 

a positive effect on the number of trips by the angler. ����� � takes the value 1 if 

the trips are made during the summer-months. As workers tend to be on semester leave 

during the summer months, it is expected to have a positive effect on the number of 

trips.  ��� �!� controls for whether the individual angler is above the age of 64, the 

retirement age in Sweden. As retirement allows for more spare-time, it is also expected 

to have a positive effect on number of trips. ���	� takes the value 1 if the respondent 

lives in a ‘big city’. One could hypothesize that dedicated anglers will have a preference 

of non-urban living conditions, given the generally rural nature of angling. The effect 

is therefore predicted to be negative on the number of trips made by the individual. 

Lastly, since recreational fishing is a male-dominated activity, being a male (�"���) is 

predicted to have a positive effect of number of trips made by the individual. As 

outlined earlier, increased travel costs should decrease the number of trips being made, 

while the quality variable of catch rates should have positive effects on the number of 

trips. Analogue to these predictions, the inclusive value is predicted to have a net 

positive effect on number of trips. The two econometrical specifications of trip demand 

are defined as follows.  

 � �#�� = exp ('( + '*��!"	�� + '+��!"	�� + ',� �#��(�)� 

+'-��	����� + '.����� � + '/���	� + '0 ��� �!�

+ '1�"���) 

(3) 

 

 

 � �#�� = exp�'( + '*���� + '+��!"	�� + ',��	�����

+ '-����� � + '.���	� + '/ ��� �!�

+ '0�"���� 

(4) 
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� �#�� is the number of trips made by individual � during the survey period. ��!"	�� 

is the per trip fishing licence cost for individual � at site � (in hundreds of Swedish 

crowns). Increased licence costs are expected to have a negative influence on the 

number of trips conducted by the individual. In the first model specification, ��!"	�� 

is the per trip travel cost (in hundreds of Swedish crowns) and � �#��(�)� (hg/trip) is 

a collective term for the different catch-rate specifications. In the second model 

specification, ���� is the estimated per trip utility for individual � choosing site �.  

The analysis will only include individuals who have fished during the survey period, 

due to the non-convergence of the RUM in the presence of excessive zeros. The trip-

demand model is therefore truncated at 0 to address the absence of non-anglers in the 

sample. A Zero-inflated model approach is an option as there are possible anglers 

amongst the zeros, but based on the data set available it is hard to hypothetically 

deduce adequate and intuitive explanatory variables for whether a respondent is an 

angler or not8. It would also not be directly comparable with a count model including 

the inclusive value since it is estimated based on angler choice only. Nevertheless, any 

potential welfare analyses should consider this limitation. Any monetary values derived 

from site quality improvements based on parameter values of the results should be 

considered as weakly underestimated as it does not consider the possibility of additional 

entry due to quality improvements.  

 

3.2 Catch-rate specification  

The expected catch-rate specifications are outlined as follows. Sample mean catch-rates 

(� ��) is the site-specific mean catch-rate calculated from the sample. Given this 

specification, an individual expects its catch-rate to coincide with the mean catch-rate 

at the site. Its inclusion is validated due to its historical implementation in RUM-

studies, but does not account for skill heterogeneity of the anglers attending the site 

(Van Bueren, 1999). It should be argued that expectations vary over individuals given 

                                                             

8 See Carlén et al. (2016) for a Zero-inflated approach to the count modelling.  
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their heterogeneous skill level. The perfectly foresighted individual catch-rate (� #���) 

is the ex-post individual catch-rate observed at the visited region. Its inclusion is 

hypothesized to some extent be able to capture heterogenous individual expectations 

regarding catch-rate. Individuals observed to catch relative large amounts of fish should 

reasonably be more skilled and/or utilize more efficient metiers, and presumably also 

be aware of it. McConell et al (1995) and Kaoru et al (1995) approached the issue of 

catch-rate specification by considering individual �′3 observed catch rate at site � as a 

function of observable individual attributes, inputs and an unobserved, random element 

(� ���). A broad consensus among previous literature is that catch-rates are 

appropriately modelled as a Poisson process, defining a ‘production function’ where 

individual characteristics and inputs influence the probability of the individual angler 

catching � number of fish (e.g. Raguragavan et al., 2013; Van Bueren, 1999; McConnell 

et al., 1995).  

The data on individual catch from the underlying survey is unfortunately not defined 

in terms of number of fishes caught, but rather in the weight of the fish caught rounded 

to integer kilogram values. The same problem as when fitting a model for trips therefore 

arises: weight is, like fishing days, not proper count data although reported in terms of 

integer values. Carlén et al. (2016) employs a Tobit model censored at zero to estimate 

expected catch-rates, which adheres to the ‘true’, continuous properties of weight 

measures. However, to provide with consistent argumentation and subsequent stringent 

model specifications, the reported integer values of weight will be treated as with the 

case of reported integer values of fishing days. Therefore, the modelled production 

function of individual catch-rates will in this study be conducted with a Poisson-related 

modelling framework9. As with the trip demand model, a negative binomial logit model 

will be employed due to the suspicion of over-dispersed data. The individual expected 

catch-rate model is specified as follows.  

                                                             

9 See appendix B.2 for a condensed rationale on the Poisson probability mass function, and the remedying 
approach of a negative binomial model in the presence of over-dispersion.  
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 � ��� = exp ('( + '*��4�5� + '+64"���" ��� + ',7���

+ '-���	� + '.�"���) 

(5) 

 

Where � ��� is the observed individual catch rate at site �. ��4�5� is the sample mean 

catch-rate at site �. 64"���" ��� is the fraction of trips to site � with the utilization 

of a boat. 7��� is a dummy variable that controls for the metier choice of net fishing. 

It takes the value of 1 if the angler utilizes net fishing. ���	� is a dummy variable with 

identical specification as in the trip demand model. Motivation for its inclusion is that 

individuals living in non-urban areas should have had more opportunities of angling 

and thus more experience. Another motivation could be that professional and skilled 

anglers are less likely to choose a living accommodation in an urban environment. As 

males are overrepresented amongst anglers, �"��� is hypothesised to provide with an 

experience control variable. All variables except for ���	� is predicted to have positive 

effects on individual catch rates. 

 

3.3 Random Utility Model of discrete site choice 

To empirically estimate the inclusive value of a chosen recreational site � for individual 

�, a specification of the systematic utility component as well as an additional, random 

component is needed. This random component, 8��, is known to the individual angler, 

but unobservable and consequently unknown to the researcher.  

 ��� = ����	� − ���� , ���� + 8�� 

 

, � = 1, … , 7 

  � = 1, … , 5 

(6) 

 

This study will follow the status quo of existing RUM literature (eg. Bockstael et al. 

(1991); Kaoru et al. (1995); Van Bueren (1999)) by assuming an independently and 

identically distributed random component as type 1 extreme value variates. Whether 

the utility of a site � is higher than the utility of site � can then be modelled as a 

probabilistic choice.  
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 ;<(��� > ���) , � ≠ � (7) 

 

As travel costs and site qualities are site specific for the individual, this probability can 

be estimated through a maximum likelihood process with the use of a site-specific 

conditional logit model10. 

 
;<�� =

exp�����
∑ exp(���)�>?

 
(8) 

 

The econometric specification of the catch-rate production-function allows for 

estimating individual expected catch-rates for each site with a calculated sample mean 

catch-rate (stock). The sample-mean alone does not provide with any individual 

variability and the perfectly forecasted individual catch-rate is defined only for the site 

visited by the angler, and not estimable for the other recreational sites. Consequently, 

the only catch-rate specification that is statistically sufficient for the random utility 

analysis is the econometrically estimated individual catch-rate.  

To circumvent the absence of travel cost data to sites not chosen by the individual 

angler, a proximation of travel distance was conducted. Information regarding the 

respondent’s municipality of registration was used to estimate the immediate distance 

from the residence municipality to each region of the choice-set. This distance was not 

converted to any cost-approximation since multiplying the distance with any mean 

fuel-cost would only result in scaling the data with a constant term.  The distances 

were estimated from the geographical midpoint of the municipalities to the geographical 

midpoint of the specific regions following the Euclidean/Pythagorean coordinate 

distance (“as the crow flies”). For the great lakes, the distance from the residence 

municipality to the closest of the defined lakes was estimated. Travel distance is a 

                                                             

10 Note: A site-specific conditional logit model is not the same as a “Multinomial logit” model, which 
does not consider changes in site-specific variables, but how site-independent variables (such as income 
and age-group) affect the discrete choice. Previous literature such as Van Bueren (1999) is rather unclear 
about the different model specifications.  
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crude approximation of travel cost since it does not consider heterogeneity of 

transportation, and subsequently assumes no differences in fuel costs over individuals. 

Nevertheless, it provides us with the much intuitive reasoning that sites located at a 

further distance from the individual should be less attractive given identical site 

attributes.  

The Euclidean distance measure is also an obvious simplification of actual travel 

distance for three reasons: (1) Any travel conducted by the utilization of roads will 

result in a longer distance travelled than estimated by coordinate distances. (2) If the 

recreationist chose a site close enough to home to not utilize any means of 

transportation, or any considerable time spent reaching the site, it will still be estimated 

as the coordinate distance between the respondent’s residence municipality and the 

chosen region for recreation. For anglers living in Norrland and fishing close to home 

for example, this will typically lead to a major overestimation of travel distance. 

However, if the distance to the other regions is bigger relative to the distance estimated 

to the region in which the municipality is located, the individual should still be 

predicted to choose its residential region for recreation, ceteris paribus. (3) Since regions 

are heterogeneous in size, anglers living in municipalities bordering other regions might 

provide with unintuitive observations as the distance to the midpoint of the bordering 

region might be shorter than to the midpoint of the residential region. If the angler 

then chose to fish at a site in his residential region close to its home, it would result in 

an observation where the individual did not choose the closest region for recreational 

purpose. One remedy could be to divide the recreational regions into homogeneously 

sized target regions for the anglers, which would control for anglers choosing to fish at 

relative close distance to their homes. This was not considered due to the limited time-

scope of this thesis, but should be acknowledged for future augmenting and/or revising 

literature. Precise distances from individual anglers to all sites in a feasible choice set 

is rarely available, and although this distance approximation is an obvious 

simplification, it should still provide with intuitive predictions of the choice behaviour 

of the angler. 
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The site-specific conditional logit model is specified as follows. !���"7��(�)� is the 

Pythagorean estimated travel distance for individual11 � to site �. � ��� is the 

econometrically estimated catch-rates for individual � at site �. Travel distance is 

predicted to have a negative effect on individual indirect utility, while individual 

probabilistic catch-rates are predicted to have a positive effect on individual indirect 

utility. As the income of individual � is independent of site-choice, it is not a conditional 

variable and cancels out in the probabilistic choice modelling. 

 ��� =  '*!���"7��(�)� + '+� ��� (9) 

 

Following parameter estimations, the model specification is used to predict the inclusive 

value of individual �, choosing site �. This inclusive value is subsequently included as 

an independent variable in the trip demand model. 

A statistical shortcoming of the site-specific conditional logit model is the restrictive 

property of IIA, “independence of irrelevant Properties” (Green, 2003). Consequently, 

any additional alternative for the individual recreational angler will not affect the ratio 

of probabilities with choosing any already available alternatives. Consider the case that 

one area in the available choice set for anglers is characterized by a high catch-rate of 

pike. If this site by some exogenous meddling would become unavailable to the anglers, 

one might intuitively associate the anglers who at first chose the site to have a 

preference for catching pike and thus expect them to choose another site with a large 

pike stock. The property of IIA however predicts that the sites in the available choice 

set with the highest selection probabilities would see the largest increase of recreational 

anglers, independent of whether that site has high catch-rates of pike or not12. 

Consequently, unrealistic substitution patterns might be estimated.  

                                                             

11 Rather it should be considered as indexed for municipalities since all individuals living in the same 
municipality will experience the same approximated travel distance to each specific region. Individual 
indexing implies that all individuals live at the geographical midpoint of their reported residential 
municipality, which of course is not true.  
12 This problem is a customized analogue to the classic red bus/blue bus problem (e.g. McFadden (1974); 
Paramesh (1973)). 
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A frequently used ‘remedy’ is to model site choice based on a nested logit-framework, 

where certain site characteristics are nested. Sites can then be grouped based on similar 

features (e.g. Carson et al., 2009; Morey et al., 1993; Hauber & Parsons, 2000). 

Econometricians then model an individual’s decisions as a series of sequential choices 

based on the nested characteristics (Green, 2003). The angler could be modelled to first 

choose a species to target (for example pike, as in the previous consideration), then 

based on the chosen species the individual would face a set of feasible sites constrained 

by the condition that the targeted species, pike, is present. The angler might then 

choose appropriate metier, whether to utilize a boat, et cetera. Although this would 

reduce the frequency of inadequate substitution effects, any parameter and welfare 

estimation will be very sensitive to changes in nesting and sequence structure. Also, 

the property of IIA will still hold within each ‘nest’. Ergo, nested logit computations 

will yield substantially deliquiate and fragile statistical results, as any individual that 

does not make its choices based on the stated sequence and nesting structure will 

contribute to a biased estimation. Adequate nesting structure can be tested, but given 

no information regarding species targeting or level of dedication (which could be argued 

to favour a more sequential decision process for the angler) is provided, any nesting 

specifications would be highly arbitrary and therefore not conducted in this thesis.  

 

4. Data  

The empirical estimations in this study uses data from the 2013 national survey of 

recreational angling in Sweden. The survey is conducted on a tertiary basis by Statistics 

Sweden (SCB) based on the survey specification designed by The Swedish Agency for 

marine and water management (Havs- och vattenmyndigheten).  

The sample contains observations of both anglers and non-anglers, representing the 

Swedish population of age 15-79. The survey is conducted at three occasions every year 

with period 1 representing angling during the period of January-April, period 2 

corresponding to the months of May-August, and period 3 representing September-
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December. 2500 surveys are mailed for each of period 1 and 3, while 5000 surveys are 

mailed for period 2. As can be seen in table A.2, approximately 20 % of responding 

anglers fished in period 1 and period 2 respectively, while 60 % of the anglers responded 

during period 2. A selection of individuals stating more than 0 angling days in a 

previous period are chosen to partake in the following periods survey. A tabulation of 

individual ID’s however reveals that no individual reappears in the data over several 

periods. This should therefore not cause the sample to suffer from representation bias.  

6358 observations are present in the data set for 2013, but only the 1055 individuals 

who reported more than 0 fishing days in total were used in this study. Non-anglers 

were omitted from the random utility analysis, and subsequently the trip demand 

model.   

The survey considered 9 geographical regions for recreational angling, 3 inland regions 

and 6 coastal regions. The geographical regions considered in the survey and their 

observed share of total trips are presented in table 1.  

 

Table 1. Observed trip frequencies 

   

Region Observed trip Frequency 
 (%) 
  

 
1. Svealand & Götaland (Inland) 
2. Norrland (Inland) 
3. ”The Big lakes” (Inland) 
4. Gulf of Bothnia (Coastal) 
5. Actual Baltic Sea (Coastal) 
6. Southern Baltic Sea (Coastal) 
7. Öresund (Coastal) 
8. Kattegatt (Coastal) 
9. Skagerak (Coastal) 
 
Accumulated 

 
28.72 
20.28 
8.6 
4.83 
16.11 
3.98 
3.13 
5.21 
9.10 

 
100 

 
   

Note: The Big lakes is a collective term for the lakes Vänern, Vättern, Hjälmaren,  
Mälaren & Storsjön.  
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The individual reports number of fishing days, the kilogram of fish caught at each site 

for a set of species, and metier choice. Each survey is complemented with source data 

containing information on residential region, income, age, gender etc. For more detailed 

technical specifications of the survey, see SCB (n.d.). 

 

5. Empirical findings  

 

5.1 Catch-rate model 

The results of this study show intuitive estimated parameter values and signs for the 

individual catch rate production function. Table 2 presents the regression output of the 

Negative Binomial regression, complemented with a parallel regression conducted with 

the dispersion specified Poisson-model. The coefficients should be interpreted as log-

linear, with a unit increase in the predictor resulting in a percentage change in the 

independent variable (individual catch-rates), ceteris paribus. As expected, an increase 

in the stock of fish will increase the probability of the angler succeeding in catching 

fish. If the individual increases the fraction of total fishing days utilizing a boat for 

fishing purposes, it’s expected catch rate is also expected to increase. Including a 

control dummy for whether the individual employs net fishing, which indeed seems to 

be a considerable positive influence on individual catch-rate. Anglers living in a city 

was hypothesized to have accumulated less experience and consequently have a smaller 

probability of catching fish, which coincides with the regression output. In addition, as 

recreational fishing still is considered a male-dominated activity, being of male gender 

is also considered a proxy for experience. The results show that being a male has a 

positive influence on catch-rate.  
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Table 2. Individual Catch-rate (CRI) 
   

   
VARIABLES NB LOGIT POISSON 
   
STOCK 0.0331*** 0.0314*** 
 (0.0113) (0.0104) 
BOATDAYS 0.473*** 0.324*** 
 (0.105) (0.0726) 
NET 0.386*** 0.388*** 
 (0.126) (0.127) 
CITY -0.332*** -0.318*** 
 (0.0977) (0.109) 
MALE 0.339*** 0.355*** 
 (0.126) (0.134) 
   
Constant 1.767*** 1.872*** 
 (0.267) (0.269) 
   
α 1.8181*** - 
 (.0994637)   - 
Pseudo R^2  0.0094 0.0842 
Log l-hood  -4136.5633 -16461.308   
Observations 1,055 1,055 
   

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 

The over-dispersion of the model is indicated by the high significance of the dispersion 

parameter (α), arguing for the negative binomial model to be more sufficient than the 

Poisson specification13. Comparing the estimated parameter signs, size and significance 

indicates clear similarities between the regression outputs of the negative binomial 

model and the Poisson model. Hosmer & Lemeshow (2000) argues that the pseudo R-

square should not be “routinely published” due to its non-intuitive interpretation and 

biasness, and will therefore not be further interpreted14. This catch-rate specification is 

used in the RUM for the discrete choice analysis, and is hypothesized to more accurately 

mirror the expectations of the individual angler, compared to a sample mean, as it 

highlights the significance of inputs and characteristics.  

 

 

                                                             

13
 The over-dispersion was tested with a likelihood ratio test of α.  

14 See the appendix for a specification of McFadden’s pseudo R-square. 
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5.2 Random Utility Model 

The site-specific conditional logit model estimation indicates that the RUM provides 

with an equitable framework for modelling the discrete site choice of the individual 

angler. As presented in table 3, both air-travel distance and catch-rate were estimated 

as significant influences on the perceived individual utility. Increased travel distance 

expectedly detracts from the individual utility, while increased catch-rates contributes 

to the individual utility.  

 

Table 3. RUM of discrete site choice 

  

  

Random Utility Model 
COND. VARIABLES Alt. spec. Conditional Logit 

  

DISTANCE -0.552*** 

 (0.0259) 

CRI 0.0462** 

 (0.0232) 

  
Observations 9,495 

Cases 
Pseudo Log L-hood 

1055 
-1521.3448 

  

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 

The prediction of the inclusive value was subsequently estimated based on significant 

and intuitive parameter values. The model accurately predicts the frequency of 

outcomes over the sample, as can be seen in table A.3. Although this might seem too 

perfect to be true, it is usually the case that frequency is predicted accurately on 

average. This should not be interpreted as a 100 % accurate prediction of individual 

observations, but only on mean frequency.  

A willingness-to-travel (WTT) can be estimated based on the parameter values from 

table 3. By taking the negative of the ratio of the utility coefficient for catch-rate and 

the distance coefficient: @�� = − AB

AC
. Conversion from Euclidean distance to kilometres 

results in the WTT of 5.83 km for 1 hectogram increase in per trip catch. Monetary 
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transformations can subsequently be done by scaling the distance with a pricing for 

fuel, and possibly a time-cost (percentage of earnings for example). Welfare estimations 

is however beyond the scope of this thesis and therefore not thoroughly addressed in 

order not to deteriorate from the stated attainment.  

 

5.3 Trip demand model  

The estimated results of the negative binomial trip demand model are presented in 

table 4. As with the catch-rate model, a unit change in the explanatory leads to a 

percentage change in the dependant variable corresponding to the parameter value, 

ceteris paribus. Travel cost and license cost were expected to negatively influence the 

number of trips being made. For the CRS-model: if travel costs would increase with 

100 Swedish crowns, the number of days spent fishing is estimated to decrease with 

13,1 %. The same model specification predicts that the number of fishing days will 

decrease with 34,8 % given an increase in licence costs with 100 Swedish crowns. All 

model specifications yield negative parameter values at high significance, coinciding 

with economical intuition that increased costs is predicted to reduce demanded 

quantity.  

Results show that the model is very sensitive to the specification of catch-rates. Both 

the sample-mean catch-rate and the perfectly foresighted catch-rate has negative signs, 

and not statistically significant. Specifying the model with the inclusion of the 

econometrically estimated individual catch-rate does however provide with a significant 

parameter value and significance at 5 %. A priori, in conformity with existing literature, 

specifying catch-rates should yield more intuitive and significant result, the better the 

measure proxies individual expectations. Given these results, catching an additional 

hectogram of fish/trip is expected to increase the number of trips by 1,37 %.  

With regards to the dummy control variables, results are consistent over the different 

model specifications. Fly fishermen were hypothesized to be more dedicated anglers, 

considering the level of technique of utilizing the metier properly, and the regression 
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output suggests that fly fishing anglers are predicted to make more trips compared to 

‘ordinary’ anglers. Anglers above the age of 64 are predicted to spend more days fishing 

than anglers under the age of 64. This ‘spare-time effect’ also seems to be the case for 

anglers reporting their trips during the summer months. Compared to autumn/winter 

and spring/winter, individuals are expected to make more trips if fishing during the 

summer.  

Urban anglers were hypothesized to have a more cumbersome process of accessing 

recreational sites and the estimated parameter values indicates that they are predicted 

to spend less days fishing than non-urban anglers. Males were also predicted to spend 

more days fishing, which the results seemingly verify. The parameters are however only 

significant at 10 %, for which acceptance should be questioned considering the sample 

size. Both the urban- and the gender-dummies were omitted from the individual 

expected catch-rate specification model and the inclusive value-model due to 

multicollinearity as they were included in the econometrical modelling of CRI.  

The inclusive value model incorporates the effects of distance and catch rate in the 

inclusive value. An increase in the perceived individual utility of the site visited predicts 

an increase in trip frequency. Compared to the CRI-specified trip model, �����  and 

 ��� �! becomes statistically significant at 1 % rather than 5 %.  

All model specifications have highly significant over-dispersion parameters and 

consequently deems the negative binomial as a more sufficient model than the Poisson. 

Parallel regression results of a Poisson specifications provide with similar signs, size 

and significance of parameters. These results are presented in table A.4.  
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Table 4. Trip Demand Models 

     

 ZT NB LOGIT ZT NB LOGIT ZT NB LOGIT ZT NB LOGIT 
VARIABLES CRS CRPF CRI IV 
     
TCDAY -0.131*** -0.121*** -0.130*** - 
 (0.0214) (0.0230) (0.0206) - 
LCDAY -0.348*** -0.345*** -0.297*** -0.373*** 
 (0.0848) (0.0840) (0.0766) (0.0915) 
CRS -0.0173 - - - 
 (0.0113) - - - 
CRPF - -0.00211 - - 
 - (0.00179) - - 
CRI - - 0.0137** - 
 - - (0.00574) - 
IV - - - 0.967*** 
 - - - (0.214) 
     
     
FLYFISH 0.769*** 0.753*** 0.843*** 0.696*** 
 (0.124) (0.124) (0.132) (0.132) 
SUMMER 0.248*** 0.239*** 0.210** 0.262*** 
 (0.0865) (0.0865) (0.0892) (0.0921) 
RETIRED 0.261** 0.270** 0.264** 0.280*** 
 (0.106) (0.107) (0.112) (0.104) 
CITY -0.445*** -0.482*** - - 
 (0.0887) (0.0879) - - 
MALE 0.214* 0.244* - - 
 (0.129) (0.127) - - 
     
     
Constant 1.839*** 1.484*** 1.194*** 1.080*** 
 (0.273) (0.149) (0.150) (0.121) 
     
α 1.5964*** 1.5919*** 1.7089*** 1.7556*** 
 (0.1680) (0.1657) (0.1875) (0.1971) 
Pseudo R^2  0.0203 0.0202 0.0165 0.0140 
Log l-hood -2965.9907 -2966.317 -2977.2845 -2984.9403 
Observations 
 

1055 1055 1055 1055 

     

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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6. Discussion 

The importance of the findings in this study is linked to the strive towards adequate 

and accurate policy recommendations, which are unachievable in the absence of a 

sufficient model framework. Trip demand models allow for estimation of consumer 

surplus, and the willingness to pay for quality improvements. Ignoring site-specific 

quality attributes will not provide with the decentralized welfare estimates that 

resonates with water resource management under the WFD. Therefore, the inclusive 

value approach is introduced in this thesis for the modelling of recreational angling in 

Sweden – to incorporate the utility of discrete site choice and subsequently the number 

of trips conducted by the anglers. For policy and direct managerial- purposes, the 

findings of this thesis should be of considerable economic value since they provide with 

the general modelling platform for adequate future welfare analyses.  

The results of this study harmonize well with previous literature regarding discrete site 

choice and trip demand modelling. The proximation of travel cost in terms of travel 

distance was necessary due to the lack of information regarding travel costs to 

alternative sites, and performed well in terms of significance and sign in the random 

utility model. It should be possible to refine the distance function to more accurately 

model travel distance within the residential region if the regions are disaggregated. One 

could reason that this would capture the less dedicated anglers that fish in their 

backyard, by the reduction of distance that the disaggregation implies. It would 

however instead underestimate the distance of those that did fish in the region, but 

outside of the newly defined disaggregated region. If an angler in the south of Norrland 

has fished in his own backyard, and Norrland is divided into smaller regions, it would 

provide with a more accurate distance to the recreational site. If the same angler 

however actually fished in the north of Norrland, the disaggregation would lead to an 

underestimation. A conceivable way of circumventing this lacuna could be to proxy the 

distance from the residential municipality to the region based on the stated travel costs. 

If the angler has chosen to fish in his/her backyard, the travel costs should be 

considerably lower than if the same individual had fished in the north of Norrland. 
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Nesting each disaggregated region with a unique travel cost given each municipality 

(or a nest of municipalities) could provide with more accurate distance estimations. 

This would demand a considerably more liberal time frame than the one constraining 

this thesis, and was not implemented.  

As expected, the econometrically estimated expected individual catch-rate performed 

the best out of the three different CR specifications. The sample mean (CRS) does not 

consider any individual heterogeneity in skill, and varies only over sites. The perfectly 

foresighted catch-rate (CRPF) do vary over individuals, but lack any control for inputs 

and characteristics. Both CRS and CRPF failed to provide with significant, intuitive 

parameter signs. The individual expected catch-rate (CRI) was found to significantly 

predict a positive effect on number of trips demanded by the angler, as well as a 

contribution to the perceived utility of site choice. These results coincide with the 

consensus of existing recreational angling literature, as catch-rates modelled as a 

production function tends to provide with the best fit and highest significance. The 

concept of a perception-based catch-rate function is often highlighted as the most 

precise predictor of the choice behaviour of the angler, but it relies on the inclusion of 

ex-ante information. As the survey only provides with ex-post data, the production 

function approach of this thesis is deemed as the most appropriate modelling procedure.  

One needs to be careful when interpreting the effect of an increase in individual 

expected catch-rates in the RUM and the trip demand model. It is highly important to 

distinguish increased catch-rates as the result of stock improvements from the increase 

as the result of accumulated angling skills, as the catch rate is econometrically modelled 

as a production function of individual characteristics and inputs. An increase in catch-

rates are not synonymous with an increase in site quality, and sloppiness in 

interpretation could then imply erroneous policy recommendations. The site quality 

increase stems from the stock increase, which in turn affects individual catch-rates. 

Additionally, a consequence of only including anglers in the sample (to conduct the 

RUM analysis) is the subsequent ignoring of possible angler entry following quality 

improvements. This omitting also does not consider the zeros which adheres to anglers 
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who just happened not to fish during the period given exogenous factors. Any welfare 

estimations and surplus gains of increased site quality estimated based on the results 

of this thesis should be interpreted as weakly underestimated.  

Several modifications of the underlying survey could facilitate future improved 

economic valuation studies of recreational demand. Allowing the respondent to state 

species targeting or species preferences should allow for a more specified feasible set of 

regions nested on these stated preferences. This would to an extent negate the IIA-

property problem of insufficient substitution patterns, although the property would 

still hold within the specified nests. One obvious limitation of the survey is that fishing 

days are not nested by the actual number of trips made by the individual. If the 

respondent provided information on how many travels he/she made during the survey 

period, the element of concern regarding per trip travel costs wouldn’t be present.  

Although perceptions are difficult to survey, as it requires a log-book structure of ex-

ante and ex-post structure, an inclusion of a perceived skill level-variable should allow 

for a more accurate modelling of expected catch-rates. Controlling for fly-fishing was 

motivated by the level of dedication that is needed to utilize the metier-choice, but to 

control for self-proclaimed skills it should be preferable to include a perception variable. 

An individual is expected to make its discrete choice of site based on how well the 

individual expects itself to perform at respective site, and whether the expected catch 

contributes enough utility to compensate for the travel costs.  

Future economic research on recreational angling in Sweden should address the 

potential issue of aggregation bias of site specifications. Site aggregation should 

intuitively fit coastal regions better due to their continuous nature. Any improvements 

of catch-rates should affect the whole region, or at least not be limited to a fraction of 

the region. It is however less intuitive to aggregate inland sites such as lakes and water 

courses, as the improvement in one lake should lead to inter-region substitutional 

patterns. One plausible step towards a remedy could be to control for the number of 

actual sites within the region, in a fixed effects manner. Additionally, the size of the 

region should be addressed within the model.  



29 
 

In addition to welfare calculations, an interesting attainment would be to estimate a 

premium of accessing a coastal site instead of an inland site. As inland sites are typically 

associated with fishing licenses/fees, and given the brackish properties of the east coast 

of Sweden, it should be plausible to estimate a shadow fishing license of substituting 

an inland site for a coastal site. This could potentially facilitate cost-benefit analyses 

of nitrogen and phosphor mitigation in the Baltic sea, and provide policy makers with 

more accurate monetary estimations of the benefits of coastal quality preservation and 

improvements.  

 

7. Concluding remarks  

With the implementation of the WFD, WRM implies a set of policy formulations to be 

made regarding hydro-related values. While some of these values are concise, market-

adhering values (related to energy production, drinking water, commercial fisheries, 

etc.), some values are abstrusely derived from site-specific recreational attributes. For 

policy makers to adequately address issues of management of hydro-related values, 

market values can’t be the only decisive factor.  

This thesis has augmented the existing, brief, economic literature on recreational fishing 

in Sweden by addressing how the choice of region for angling affects the number of 

trips being made by individual anglers. Site quality was defined as a set of catch-rate 

specifications: a sample mean catch rate, a perfectly foresighted individual catch-rate, 

and an econometrically predicted individual catch-rate based on individual 

characteristics and inputs.  The discrete site choice of the angler was modelled with a 

site-specific conditional logit model for which the perceived utility of site choice was 

derived. The RUM was linked with the trip demand analysis by including the per-trip 

utility in the trip demand model. Site choice was found to be significantly affected by 

individual expected catch-rates and travel distance, while the inclusive value had a 

significantly positive effect on the number of trips conducted by the angler.  
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Future economic research on recreational fishing in Sweden should address the potential 

issues associated with site aggregation, as well as trip definition. Travel distance could 

be refined and more accurately specified if regions are disaggregated, and should be 

considered to address the problem of predicting the behaviour of individuals living in 

bordering areas of different regions. Potential future attainments include estimating 

site-specific welfare estimates, and possibly a premium value of coastal fishing to 

simulate a fishing license-fee of access to coastal regions – given suggested refinements 

of travel cost proxies for sites not visited by the angler.
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APPENDIX A 

 

Table A.1: Mean and variance of the count data 

   

Count Variable Mean Variance 

 
Catch-rate (hg/trip) 

 
21.2578 

 
981.6388 

Trips  
 

7.2190 82.6688 

   

Note: Over-dispersion was additionally tested by a likelihood ratio test 

  for all negative binomial model specifications. 

 

Table A.2 Seasonal frequency of responding anglers 

 

 

 

 

 

 

 

Table A.3 Actual & predicted trip frequencies 

   

Region Observed trip 
Frequency 

RUM predicted 
Frequency 

 (%) (%) 
   

 
1. Svealand & Götaland (Inland) 
2. Norrland (Inland) 
3. ”Big lakes” (Inland) 
4. Gulf of Bothnia (Coastal) 
5. Actual Baltic Sea (Coastal) 
6. Southern Baltic Sea (Coastal) 
7. Öresund (Coastal) 
8. Kattegatt (Coastal) 
9. Skagerak (Coastal) 
 
Accumulated 

 
28.72 
20.28 
8.63 
4.83 
16.11 
3.98 
3.13 
5.21 
9.10 
 
100 

 
28.72 
20.28 
8.63 
4.83 
16.11 
3.98 
3.13 
5.21 
9.10 

 
100 

 
   

 

    

Period Respondents Respondents (%) Share of tot. 
mailed surveys 

(%) 

Jan-Apr 194 18.39 25 

May-Aug 637 60.38 50 

Sep-Dec 224 21.23 25 

 
Accumulated 

 

 
1055 

 
100 

 
100 

    



 
 

Table A.4: Zero Truncated Poisson ‘shadow’ model specifications of trip demand 

     

 ZTP ZTP ZTP ZTP 
VARIABLES CRS CRPF CRI IV 
     
IV - - - 0.805*** 
 - - - (0.181) 
TCDAY -0.112*** -0.106*** -0.109*** - 
 (0.0208) (0.0207) (0.0198) - 
LCDAY -0.325*** -0.327*** -0.279*** -0.359*** 
 (0.0797) (0.0796) (0.0721) (0.0803) 
CRS -0.0122 - - - 
 (0.00997) - - - 
CRPF - -0.00235* - - 
 - (0.00137) - - 
CRI - - 0.00489** - 
 - - (0.00205) - 
FLYFISH 0.579*** 0.584*** 0.635*** 0.532*** 
 (0.130) (0.129) (0.129) (0.128) 
SUMMER 0.242*** 0.230*** 0.207*** 0.242*** 
 (0.0772) (0.0768) (0.0772) (0.0774) 
RETIRED 0.270*** 0.279*** 0.265*** 0.291*** 
 (0.0979) (0.0983) (0.101) (0.0972) 
CITY -0.372*** -0.403*** - - 
 (0.0749) (0.0749) - - 
MALE 0.207* 0.219* - - 
 (0.116) (0.114) - - 
Constant 2.004*** 1.783*** 1.706*** 1.478*** 
 (0.219) (0.131) (0.0769) (0.103) 
     
Pseudo R^2  0.0909 0.0920 0.0716 0.0693 
Pseudo Log l-hood -5160.8722 -5154.3545 -5270.0544 -5283.1611 
Observations 1055 1055 1055 1055 
     

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 
 

 

 

 

 

 

 

 

 



 
 

APPENDIX B  

B.1 McFadden’s R-square. 

 
#3DEFG  + = 1 −

ln �J(�KLMM)

ln �J���?NOPQORN�
 

(B.1.1) 

 

�KLMM is the model with predictors, ��?NOPQORN is the model without predictors and �J is 

the estimated likelihood.  

 

B.2 Poisson probability mass function  

The Poisson probability mass function serves as the benchmark for modelling individual 

expected catch-rates and number of trips conducted by the individual angler.  

 
PrU�V =

W?DXY

�!
 

(B.2.1) 

Where the Poisson mean (W) is the number of events per interval and n is the number 

of events. In this context, the catch-rate serves as the intensity/rate and is regressed 

on a set of hypothesized explanatory variables following a maximum likelihood 

estimation.  

 W = e[\] (B.2.2) 

Where '′ is a set of parameters and ^ is a vector of inputs. The Poisson process 

considers equi-dispersion, as the conditional mean is assumed to be equal to the 

conditional variance. However, over-dispersion is a common feature of recreational trip 

data as it is typically the case that many individuals make few trips, while there are 

few individuals that make many trips. The negative binomial model allows for 

conditional variance to differ from the conditional mean by introducing a dispersion-

parameter. The negative binomial probability mass function is stated as follows.  

 
PrU�V =

Γ(� + <)
Γ(r)Γ(n + 1) ;P(1 − ;)? 

(B.2.3) 

 

Where Γ is the gamma function.  



 
 

 


