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SUMMARY 

Recreational fishing is one of the most popular forms of outdoor recreation in Australia, 

involving approximately a third of the population. Other developed countries have 

recorded a similar proportion of participants. As such, the recreational sector is a 

significant user of fish stocks and coastal areas. With the growing size of this sector, a 

number of management issues have begun to emerge. There is the potential for stocks of 

heavily targeted species to be over-fished and popular sites to become degraded by 

excessive use. In order to design effective policies for preventing these problems, more 

information is needed about the preferences and motives of recreational anglers. 

Perhaps the most perplexing problem is resource allocation. Allocating resources fairly 

and efficiently between recreational interests, commercial fishermen, and other users has 

become a major issue in fisheries management. Because there is no market to signal the 

values of recreational fishing, there is a tendency for fish and access to beaches for 

recreation to be under-supplied. Managers are aware that recreational fishing provides 

substantial social and economic benefits, but do not have a good grasp of their 

magnitude or sensitivity to changing conditions. 

This thesis develops an analytical economic model of recreational fishing that can be used 

to analyse angler's demand for fish and fishing sites. In the process of developing the 

model, three techniques for valuing non-market benefits are critically evaluated. In an 

initial study, the contingent valuation and travel cost methods are employed to quantify 

the benefits and costs of reallocating salmon and herring stocks from commercial fishers 

to the recreational sector. These techniques are shown to be ineffectual at disentangling 

the value of catching fish from the value of the total fishing experience, and therefore 

inadequate for assessing allocation policies. 

In a second study, the random utility model is used to estimate welfare values. It is 

linked to two other subsidiary models; a catch function and a trip demand function. 

Together, the three models are used to approximate the value of individual sites, 

particular types of fish, and the whole fishery. The welfare impacts from a number of 

management changes are also simulated. The model shows that anglers derive a 

substantial amount of economic surplus from their pastime. O n average, net benefits 

accruing to the individual are estimated to be between $13 to $39 per day of fishing. 
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The marginal value of a 5 0 % improvement in the catch rate of all fish types is calculated 

to be $4.00 per trip or, alternatively, $1.40 per fish. The aggregate size of recreation 

benefits attributable to the fishery in its current state is estimated to be in the order of 

$97 million per annum, which is approximately five times the gross value of commercial 

harvest from the area. 

This thesis extends the recreation economics literature in two ways. Firstly, it pays 

special attention to the role that perceptions play in influencing an individual's behaviour. 

It is the first known study to elicit anglers' expectations of catch success prior to going 

fishing and their ex post actual catches. This information is used to compare the relative 

performance of two random utility models, one estimated with perceptions data and the 

other with actual catch data. It is shown that perceptions do not improve the goodness 

of fit, but they do increase the size of the catch rate coefficient in the utility function. 

This subsequently leads to higher welfare estimates. Secondly, the thesis demonstrates 

that a better model of choice can be obtained if catch rate is specified as a time-varying 

attribute. 

It is concluded that the random utility method is a useful technique for assessing 

allocation policies. The work in this thesis has shown that it is superior to other survey 

methods that have been used to value non-market goods. Its greatest strength is its 

ability to estimate values for geographic areas, fish, and other attributes of the fishing 

experience. With further refinement, it would be a good candidate as a tool for regularly 

analysing the demands of recreational anglers. 
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CHAPTER 1: INTRODUCTION 

1.1 Background 

Fisheries management has traditionally concentrated on the activities of commercial 

fishermen, with less attention being directed toward recreational fishing. But in recent 

times the recreational sector has grown considerably in size and political importance. In 

developed countries, surveys frequently reveal that 25 to 3 0 % of people over the age of 

15 participate in recreational fishing (Cunningham, Dunn et al. 1985). Recent estimates 

for Australia suggest that 6 million people, or 3 4 % , of the nation go fishing at least once 

a year (McGlennon 1994). Clearly, this leisure activity is highly valued by a significant 

proportion of society. It is also apparent that, with so many participants, the recreational 

sector has the potential to degrade fish stocks. 

These trends have prompted many jurisdictions to explicitly recognise amateur fishing in 

their fisheries legislation. The United States took the lead in this regard, with its 

Magnuson Fishery Conservation and Management Act of 1976. This Act requires that 

management plans be formulated on the basis of "optimum yield", which is defined as; 

"maximum sustainable yield as modified by any relevant economic, social, or ecological 

factor". The meaning of the term "optimum" is clarified by; "the amount offish which 

will provide the greatest overall benefit to the nation with particular reference to food 

production and recreational opportunities". 

The West Australia Fish Resources Management Act of 1994 places a similar emphasis 

on recreational fishing. Objects (d) and (e) read as follows: 

"(d) to foster the development of commercial and recreational fishing and 

aquaculture; 

(e) to achieve the optimum economic, social, and other benefits from the use offish 

resources;" 
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Chapter 1: Introduction 

In order to fulfil these objectives, the West Australian government dedicates a significant 

proportion of its total fisheries management budget towards recreational fishing . 

More is becoming known about the biological impact that recreational fishers have on 

fish stocks. Creel surveys are revealing that recreational catch and effort is substantial in 

some Australian fisheries, and sometimes exceeds that of the commercial sector 

(Hancock 1994). Amateur anglers have gradually become more efficient at catching fish; 

"serious" anglers are often equipped with an electronic fish-finding device, a four-wheel 

drive vehicle and portable freezer. This has led to some popular recreational species in 

Western Australia being over-exploited2. Consequently, it is n o w commonplace for the 

recreational sector to be regulated by means of bag limits, size limits, gear restrictions, 

closed areas, closed seasons, and licences. 

Less is known about the economic and social values associated with recreational fishing. 

Unlike commercial fishing, there is no market for establishing the size of recreational 

benefits and catch is not the only factor influencing welfare. A large proportion of the 

benefits from recreational fishing are probably derived from intrinsic aspects of the 

fishing experience. O n the basis of expenditure estimates, the economic benefits could 

be significant. For instance, it is estimated that West Australian anglers spend in the 

order of $300 million per annum on fishing related goods and services (Lindner and 

McLeod 1991)3. 

However, expenditures are not equivalent to welfare. What needs to be measured is 

anglers' willingness to pay for fishing over and above their costs. Only a handful of 

Australian studies have quantified this welfare measure (eg. Stamford and Siggins, 1992; 

Burns, Damania et al. 1997; and Blarney, 1998). These studies have only had limited 

1 Fisheries Department of Western Australia Annual Report 1994/95. 

2 Western Australia Recreational Fishing Advisory Committee (1990). The Future for recreational 

fishing: Issues for community discussion, page 37. 
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success at eliciting reliable estimates of economic benefits. The authors unanimously 

recognised the need for further work in refining the methods used to value non-market 

benefits. 

The allocation of resources between user groups is one management issue that requires 

information about the values associated with recreational fishing. A s the demand for 

recreational fishing has grown, conflict between recreational and commercial fishermen 

over access to fish stocks and coastal areas has become a major, world-wide problem 

(Grover 1980). Governments have generally responded by implementing policies that 

are ad hoc in nature and reactive to the whims of lobby groups. Instead, policy needs to 

be founded on a consistent framework for assessing the relative economic benefits 

attributable to each user group. While economic efficiency is not the only consideration, 

it is one of the fundamental principles for guiding allocation decisions. Techniques for 

quantifying commercial benefits are well established, but methods for eliciting the 

preferences and values of recreational anglers are still evolving. A better understanding 

is needed of the relationships that exist between fish stocks, angler effort and economic 

benefits. 

Information on the preferences and motives of recreational anglers is also important for 

designing regulations that aim to protect fish stocks. If control programs are to be 

effective, it is necessary to understand angler behaviour. Creel surveys provide a static 

picture of angler catch and effort but do not explain how anglers might respond to 

regulations that limit their catch, effort or extent of access to a fishery. Unlike 

commercial fishers, recreational anglers are generally free to substitute their efforts 

across locations, time, and fish species in response to changing conditions. Some 

regulations might be rendered ineffective if anglers simply substitute their efforts towards 

an unregulated site or species. 

3 Estimate adjusted to 1998 dollars using 16.7% inflation since the survey was conducted. 
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Chapter 1: Introduction 

A recent paper by Johnson (1994), a North American fishery scientist, identifies the 

importance of understanding the relationship between stocks and behaviour. H e writes: 

"what is desperately needed but rarely attempted is a theory to predict 

behavioural responses of fishers to management actions....Developing such a 

bioeconomic approach may be more challenging for sport fisheries (relative to 

commercial fisheries). Sport angler rewards are less easily quantified, angler 

expectations from the resource are diverse, sport anglers can quickly switch to 

other species or lakes, and anglers are not driven out of business by poor 

fishing Still, managers must employ bioeconomic considerations at many 

policy-making junctures such as evaluating the cost-effectiveness of management 

programs or when allocating harvest among sport and commercial interests. 

Uncertainty in effort responses to stock size manipulations is a major obstacle to 

the development of sport fishery bioeconomic models". 

Johnston's article goes on to emphasise how it would be desirable to know what impact 

regulations are likely to have on anglers' welfare. For instance, bag limits are currently 

determined entirely on the basis of what is required to protect fish stocks, with no 

objective analysis of what cost this might impose on anglers. It is plausible that an equal 

level of protection could be achieved with a different mix of policies at a lower cost to 

anglers. In a similar vein, a uniform bag limit or gear restriction is likely to have an 

unequal impact across anglers (McConnell, Strand et al. 1995). A model that is capable 

of predicting the distribution of welfare effects across anglers would facilitate the design 

of policies that are more cost effective. 

Input and output controls have typically been used to regulate the commercial sector, but 

these same methods are unlikely to be sufficient for managing recreational anglers. 

Constituents of the recreational sector are large in number, widely dispersed, and highly 

heterogeneous in terms of their socioeconomic characteristics and motivation for fishing. 

These features make it costly to monitor and enforce catch and effort regulations. In the 

future, it is more probable that voluntary compliance will need to be relied upon. This 

will entail designing appropriate economic instruments and education programs that 
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modify angler behaviour. Again, better insights to the preferences and values of anglers 

is a prerequisite for the development of these policies. 

There are several other fishery management issues that demand a clearer understanding 

of recreational values. Firstly, managers are often interested in identifying strategies to 

enhance the value of recreational fishing. Such strategies may include releasing 

nursery-grown fish into the wild, constructing artificial reefs, or improving the amenity 

value of fishing sites. It is conceivable that reducing congestion, or improving the quality 

of other "non-fish" attributes, might be a more cost-effective tool for enhancing the value 

of recreational fishing than increasing catch rate (Lai, Holland et al. 1992b). Indeed, 

some countries have adopted "congestion rationing" as a policy, where the number of 

people allowed to fish at a given site at any one time is regulated (Fletcher, Adamowicz 

et al. 1990). Given the vast array of possible initiatives, information about the relative 

size of benefits associated with each project would be helpful for identifying priorities. 

Secondly, society is becoming increasingly aware of the social costs imposed by polluters 

on the environment. The costs of pollution to commercial fisheries are quite easy to 

determine but the damage inflicted on the welfare of recreational anglers is far less 

tangible. Precedent has been set in the United States for polluters to be ordered to 

compensate recreational users for damage to the environment. If this trend continues, as 

it almost certainly will, reliable information about the non-market values of recreational 

fishing will be required. 

Lastly, fishery agencies in Australia are beginning to adopt a "user pays" principle, which 

dictates that all beneficiaries of management services should contribute toward the cost 

of providing them. Currently the principle is being applied to many commercial fisheries 

but a pricing policy for recreational users has been much slower to develop (Lai, 

Holland et al. 1991). Recreational licences are a feature of some fisheries, but the fees 

charged are usually nominal and bear little relationship to the costs of managing the 

fishery. One of the reasons w h y management costs are not recovered from recreational 

anglers is due to the difficulty of drawing a direct link between the management services 

provided and the benefits derived by anglers. Economic modelling of the recreational 
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sector would provide managers with a better basis on which to formulate pricing 

policies. 

1.2 Objectives 

Competition between commercial fishermen and recreational anglers is a major issue in 

the south west marine fishery of Western Australia. Therefore, this thesis focuses 

primarily on the issue of resource allocation. T w o species in particular, the Australian 

Herring and West Australian Salmon, are at the centre of a fierce debate about "who 

deserves what" share of the resource. Because commercial operators are restricted to 

fishing directly off the beach, conflict between the two user groups is not only confined 

to the share of catch but also involves access rights to beaches. The foremost objective 

of this thesis is to refine existing methodologies for quantifying recreational use values 

associated with the "fishing experience", the abundance of fish, and the availability of 

sites. Non-use values are not estimated4. 

A planned outcome of the study is the development of an empirical economic model of 

recreational fishing that can be used to analyse anglers' behaviour and demand for fish 

and fishing sites. The specific objectives of the model are to; 

• establish baseline economic values for recreational shore-fishing along the south west 

coast of Western Australia; 

• determine the economic value associated with particular types of fish and individual 

fishing sites, 

4 Use values include those benefits that are enjoyed by individuals w h o partake in fishing. Non-use 

values are those held by people w h o do not currently go fishing but derive utility from the option of 

being able to participate some time in the future, or derive utility from the knowledge that recreational 

fishing simply exists. 
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The model will serve as a foundation upon which to base future policies for reallocating 

fish stocks between user groups and for addressing management issues that are specific 

to the recreational sector. 

Special attention is also given to several methodological issues that have been identified 

by previous authors as key items for further research. These issues lead to the following 

research objectives: 

• to investigate the usefulness of eliciting individuals' perceptions about fishing quality 

as a means of explaining anglers' demand for recreational fishing; 

• to analyse the factors that are responsible for forming an individual's expectations 

about catch success on their fishing trip; 

• to determine whether it is important to allow for the temporal nature of fishing quality 

over the course of a season when estimating models of recreation demand. 

Resolving these issues is regarded as a high priority for research because they should 

lead to a model of recreational behaviour that has better explanatory power, and hence 

more reliable welfare estimates. With regard to the first two points, perceptions are the 

link between objective changes in fishing conditions and angler's welfare, so it is of 

paramount importance that perceptions be considered when estimating demand models. 

1.3 Organisation of Thesis 

The thesis is divided into four Parts. Part A contains two chapters which review 

theoretical models of recreation and resource allocation, together with empirical methods 

that have been developed for valuing recreation. Parts B documents an application of 

the travel cost and contingent valuation methods to recreational fishing in south Western 

Australia. Part C builds on this first study by reporting the results of a more intensive 

study that applies the random utility model to value a number of different management 

scenarios. Finally, Part D concludes the thesis by drawing together the findings from 
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both studies and discussing the perceived future role of each technique for analysing 

recreational fishing. 

The first chapter of Part A, Chapter 2, contains an outline of the underlying causes of 

conflict between user groups and examines the extent to which various management 

regimes encourage (or discourage) an efficient allocation of resources. While a regime 

of tradeable fishing entitlements is mooted in the literature as a possible solution to 

resource allocation problems, it is argued that a system of co-management is more 

appropriate for dealing with the demands of multiple users. This being the case, the 

government is not absolved from its role of developing policy to guide the allocation of 

resources. Such a task requires information about the costs and benefits of reallocating 

the share of access to fish stocks and/or sites. 

Therefore, the second chapter of Part A, Chapter 3, contains a review of the progress 

that has been made towards formulating methods for estimating recreational benefits. 

The techniques examined are the travel cost method, contingent valuation, random utility 

modelling, and choice modelling. In conducting this review it became apparent that none 

of these methods are "perfect" at eliciting values for recreational fishing, in particular 

marginal values for fish. All appear to have their o w n set of deficiencies. Consequently, 

it was decided to apply several of the techniques in order to assess their efficacy at 

producing valid estimates of welfare. 

The first of these empirical studies is documented in Chapter 4 of Part B. In this study 

the travel cost and contingent valuation methods are used to quantify the economic 

benefits associated with recreational salmon and herring fishing in Western Australia. 

The size of welfare estimates generated by each technique were comparable, suggesting 

that the values are a reasonable indication of the true size of benefits. However, the 

techniques failed to disentangle the marginal values associated with each fish species 

from the total value of the fishing experience. Several explanations are offered for the 

cause of this problem. In the case of the contingent valuation method, the main problem 
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appeared to lie with the choice of payment vehicle. Also, it was apparent that neither 

method could adequately handle the availability of substitutes. 

The analytical framework adopted in Part C of the thesis addresses the problem of 

substitutes by explicitly modelling angler's choice of fishing site and target species within 

a random utility model. Once again, the focus of the study is on the recreational fishery 

in south Western Australia but this time the analysis is not restricted to just salmon and 

herring. Before describing the study, Chapter 5 contains a detailed review of the 

methodological issues associated with random utility modelling. Several of the issues 

identified in the literature as topics for further research are then examined by the 

empirical study. These include the role that perceptions of quality play in influencing an 

individual's choice behaviour, the importance of specifying catch rate as a time-varying 

attribute, and the need to understand h o w anglers form expectations about fishing 

quality. 

Owing to the relative complexity of the random utility model, four chapters are devoted 

to describe the study. Chapters 6 to 9 contain the methods, survey data, and the 

estimation results. The random utility model is shown to be an effective framework for 

analysing angler behaviour and recreational values. The results demonstrate that it is 

important to consider angler's perceptions and the variable nature of fish abundance 

when estimating the model. While the results are encouraging, some problems remain 

unresolved. For instance, the marginal values calculated for fish did not agree with 

theoretical expectations. They were found to increase at the margin rather than diminish 

with improvements in catch rate. Also, welfare estimates are shown to be sensitive to 

the way choices are modelled within the discrete choice framework. 

Chapter 10 concludes the thesis by highlighting the potential usefulness of the random 

utility model as a tool for future assessments of resource allocation in fisheries. Unlike 

the "traditional" methods of travel cost and contingent valuation, it estimates values for 

recreation that explicitly account for the substitutes available to individuals. Given that 

anglers frequently have a large number of fishing sites and types of fish to choose from, 

the results suggest that the travel cost and contingent valuation methods are not 
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satisfactory for analysing recreational fishing. The random utility model has the added 

advantage of flexibility: It is able to value a wide range of different management 

scenarios. Balanced against these attractions is the high cost of conducting such a study. 

B y comparison, the traditional methods of valuation require less data and are simple to 

estimate. This being the case, it is concluded that future research should be directed 

toward establishing procedures which allow results from the random utility model to be 

transferred to other regions. 
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CHAPTER 2: A REVIEW OF FISHERIES ALLOCATION AND 

RECREATION ECONOMICS 

2.1 Introduction 

This chapter is divided into two main sections. The first part deals with the broad topic 

of resource allocation. It reviews the underlying causes of conflict between user groups 

and examines the important role that property rights play in accommodating the demands 

of different interest groups in society. Several management regimes are compared on the 

basis of their ability to allocate resources efficiently among users, and some conclusions 

are made about the instruments that are needed to encourage economic efficiency. There 

is a large body of literature that focuses on the theory of allocation and a number of 

conceptual models of joint recreational-commercial fisheries have been developed. This 

work is briefly summarised before looking at frameworks for assessing the welfare 

impacts of allocation policies. 

The second section concentrates solely on the theoretical aspects of consumer demand 

for recreational fishing. Both economists and sociologists have invested time exploring 

the attributes of fishing as a leisure activity and what motivates people to go fishing. 

These studies show that the theoretical constructs developed for analysing commercial 

fishing do not apply to the recreational sector. In the early 1980's several bioeconomic 

models of recreational fishing were proposed, and each of these are described. The 

chapter concludes by outlining the main relationships that need to be measured 

empirically if the bioeconomic models are to be made operational. 

2.2 Resource Allocation 

2.2.1 Causes of Allocation Disputes 

Conflict between user groups over allocation is caused by competition for scarce 

resources and/or differing philosophies among stake-holders about how the resource 

should be used. With respect to the first point, users face a "binding constraint" when 

resources are scarce. Under these circumstances the activity of one sector reduces the 

amount of resource available to another. This immediately provokes conflict if the 

disadvantaged sector is not compensated for its losses. However, resource scarcity is 
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not necessarily a prerequisite for conflict. Charles (1992) and Wilks and Morris (1990) 

cite many instances where disputes are principally ideological. It is natural for people to 

have differing preferences and value systems. From an economic perspective, these 

preferences carry weight if people are willing and able to pay a sum of money to ensure 

that resources are utilised in a certain way. Importantly, society's preferences are 

observed to change over time which means that the historical allocation of fish stocks to 

certain groups may no longer be appropriate to meet today's demands. 

Allocation disputes tend to persist in an environment where there are no well defined 

property rights. Property rights are an institutional framework which provide users with 

a mechanism for resolving conflict through negotiation and exchange of rights. Edwards 

(1994) outlines the important roles that property rights play in society: 

• They provide security of access which in turn provides incentives and time horizons 

for investment, production and exchange. 

• They influence the behaviour of natural resource users by encouraging them to 

become more conservative and self-regulating. 

• They provide rules for adjusting and accommodating, over time, conflicting demands 

from different interest groups in society. 

• They provide holders with a powerful, legitimate source of authority to exploit 

resources under agreed criteria. 

Property rights embody a range of qualities which lend themselves to each of the above 

roles. They are well defined to minimise uncertainty, divisible, to take advantage of the 

range of possible simultaneous or sequential users, exclusive of other users to control 

free riding and alienable to facilitate transfer to the highest value use(s). These 

characteristics encourage right holders to utilise resources efficiently, where the term 

"efficiency" refers to the utilisation and allocation which maximises net benefits to 

society. 
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In order to appreciate the relevance of property rights to fisheries management, some 

background discussion is warranted. In a legal context, property is defined as that which 

is capable of ownership (Edwards 1994). It is not necessarily just land or a physical 

object, but rather a benefit or income stream. So a right to property is a legally 

recognised claim to a benefit stream. To a greater or lesser extent, any interest in 

property conveys three powers or "operational rights", they being: 

1. the power to receive income from the resource through access and withdrawal. 

2. the power to manage the resource, 

3. the powers of exclusion and alienation. 

People who hold a right of access are entitled to enter a defined geographical area, while 

a right of withdrawal entitles them to obtain "products" of a resource. The power of 

management refers to the right to regulate internal use patterns and transform the 

resource by making improvements. The power of exclusion is the right to determine 

who will have an access right, and how that right may be transferred, while the power of 

alienation refers to the right to sell or lease the rights of management and/or exclusion. 

The extent to which each of these powers is conveyed determines the nature of a 

property right. There is a continuum between open access at one extreme, where none 

of the powers are possessed by users of the resource, to ownership where the right 

holder has all three powers to the full degree (Seabrooke and Pickering 1994). 

Fish stocks are often referred to as a "common property resource", implying that 

ownership is vested in government for the c o m m o n good of the public. Open access 

prevails when all members of the public have unrestricted access to a fishery. Over time, 

governments have restricted access by introducing licensing and quota schemes, although 

full property rights have been slow to develop or absent altogether in many countries. 

This is partly a consequence of the mobile nature of fish stocks, which makes it difficult 

to assign and enforce rights, and partly due to a concern that private, corporate, or 

community ownership does not provide the necessary controls for ensuring that 

resources are used in a sustainable fashion (Scott 1993). 
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Opinions diverge in the literature about who should own fish stocks and control access 

to a fishery. Alternate views about ownership structure have become known as the 

property rights debate (Charles 1992). Some believe that community groups should be 

granted c o m m o n ownership of the fishery and claim that this will lead to more efficient 

management (eg.Schlager, Blomquist et al. 1994). Others are happier to see fishery 

resources remain under government jurisdiction and instead focus on schemes which 

strengthen stake-holders rights. In the main, governments have retained the right of 

ownership (Scott 1989). Under the umbrella of public ownership several alternative 

management regimes have become established, each of which differ in terms of the type 

of operational rights granted to users. Some forms of management encourage resources 

to be allocated efficiently among user groups, but others fail to provide the correct 

incentives for efficiency. This is the topic of the next section. 

2.2.2 Management Regimes and Allocation Objectives 

The disastrous consequences of an open access regime are well documented in the 

fishery economics literature (see W a u g h 1984). In the absence of property rights, 

fishermen have no incentive to conserve the resource and excessive competition depletes 

all economic surplus. The traditional response by governments to preventing the 

problems associated with open access has been to regulate users rather than to confer 

property rights. A n example is "limited entry licensing" which entitles commercial 

fishermen to access the fishery and harvest fish, and allows them to have an input into 

management plans. 

Unfortunately centralised approaches to managing fisheries do not engender an efficient 

allocation of resources among user groups (Lai, Holland et al. 1992b). Regulations 

designed to protect fish stocks implicitly allocate resources between stake-holders, and 

there is no formal mechanism by which members of the recreational fraternity can 

negotiate with commercial users to adjust their level of involvement in the fishery. 

Instead, resources are allocated by government in an ad hoc manner, usually as a reaction 

to political lobbying. The problem is exacerbated because the rights of each user tend to 
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be de facto or poorly defined1. Under these circumstances there is no guarantee that 

society's benefits will be maximised by the eventual share of catch assigned to each 

group. 

Recognising the inefficiencies of centralised management, economists have promoted the 

merits of a market based system of management. Theoretically, if explicit rights to fish 

quota and/or fishing areas were assigned to members of each group and a market for 

trading rights was established, then resources should be allocated optimally between 

stake-holders. Indeed, individual transferable quotas have become a relatively c o m m o n 

way of managing commercial fisheries but, with the exception of a few cases, other 

sectors have not been brought under the same management framework. Sutinen (1997) 

outlines a scheme by which recreational anglers could be integrated into N e w Zealand's 

quota management system, and Young (1995) proposes a similar scheme for the state of 

N e w South Wales in Australia. However, for most fisheries the costs of allocating, 

monitoring, and enforcing individual recreational quotas are unlikely to make quota 

trading a feasible option. 

A third management structure that has evolved is co-management. The term "co-

management" has a number of different interpretations in the literature but in the context 

of this discussion it will be used to refer to a system of shared responsibility and authority 

between a local group of fishers and government with a constitutional mandate (Freese, 

Glock et al. 1995). In such a system the rights of each sector are clearly defined. The 

government retains the power to set the "desired" allocation of resource between sectors 

but groups have the flexibility to voluntarily negotiate their own management 

arrangements within a legislative framework. Members who choose to forgo their rights 

to participate in a fishery are duly compensated. Western Australia is moving towards a 

scheme of this nature for tackling allocation problems in its fisheries (Metzner 1998). 

1 De facto rights are those which originate among fishers in the course their involvement in a fishery 

over an extended period of time. They are not legally recognised rights and are not necessarily sustained 

in a court of law (Schlager and Ostrom 1992). 
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While co-management may provide a suitable framework for bringing about adjustment 

in a fishery, it still requires government to set policy and direct the shift in resources. 

Policy needs to be based on some clear objectives. Three criteria are suggested by 

Charles (1992) as a means of guiding allocation: 

• Resources should be allocated so as to prevent fish stocks from being over-exploited, 

• Resources should be allocated "at the margin" to their highest value uses so as to 

maximise net social benefits, 

• Resources should be allocated based on the principles of fairness so as to resolve 

conflicts between users in an equitable and ethical manner. 

In the past, fishery managers have been most concerned with meeting the first criteria, 

namely the sustainable use of fish stocks. The goals of efficiency and equity have 

received less attention. As emphasised by Lai, Holland et al. (1992b), economists have a 

chief role to play in assessing the relative efficiency of allocation arrangements. 

Economic analysis is a useful tool for assisting managers to develop a clearer 

understanding of the relative welfare impacts of their decisions, but does not provide all 

the information necessary to develop "optimal" allocation policy because it is weak at 

diagnosing matters of equity. Wilen (1993) warns fishery economists against becoming 

advocates of resource allocation decisions based on efficiency considerations alone. 

With this caveat in mind, the next section goes on to examine the conceptual meaning of 

"value" and the economic frameworks that have been developed for assessing allocation. 

2.2.3 Economic Frameworks for Assessing Allocation 

Neoclassical welfare economics defines value in terms of economic surpluses. For 

consumers, economic surplus is equal to the amount people are willing to pay for a good 

over and above the price of that good. In the case of the producer, surplus from the 

production process is equal to the difference between marginal costs of production and 

the price received for the product. This concept of value is different to that assumed by 

accountants and, in the main, most non-economists (Bennett 1998). Value is often 

mistakenly perceived to be equal to the price of a good. Clearly this definition does not 
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embrace the fact that people enjoy benefits from goods that exceed their purchase price. 

The price paid indicates that the consumer has a gross value for the good that exceeds 

the price, but fails to measure the net value remaining once the cost is borne. 

Because of misconceptions about the term "value", non-priced goods such as 

recreational fishing are frequently regarded as having no "economic value". Edwards 

(1990) identifies two other fallacies about value which are sometimes used inadvertently 

by fishery managers or lobby groups to justify a re-allocation of resources. One is the 

c o m m o n mistake of comparing the gross expenditures made by the recreational sector 

with the gross revenue of commercial fishermen, and reallocating resources to the sector 

with the highest expenditures or revenue. It is incorrect to assess allocation on this basis 

because the two sectors are not being compared on the basis of their economic surplus. 

The other fallacy referred to by Edwards is termed the "cumulative value argument". 

This describes the situation where allocation decisions are made on the basis of total 

values instead of marginal values. Even if surplus values are correctly measured for each 

sector, it is wrong to assume that the sector with the largest economic surplus should 

receive all of the resource. Instead, resources should be allocated to the sector that 

enjoys the highest marginal value from the resource. Economists are sometimes equally 

to blame for perpetuating the errors described by Edwards. For example, Dragun (1991) 

incorrectly recommended that commercial fishing licences in Port Phillip Bay, Victoria, 

should be bought back and reallocated to the recreational sector on the basis that "the 

total expenditures of recreational anglers were at least two orders of magnitude greater 

than the total value of commercial fisheries". 

The only consistent and effective framework for comparing the benefits and costs of 

resource allocation is benefit-cost analysis. This technique identifies changes in 

economic surplus incurred by all sectors affected by a change in resource allocation, so 

the analyst can examine w h o is better or worse off. Bennett (1998) is a strong advocate 

of benefit-cost analysis and points out that other techniques such as multi-criteria analysis 

and input-output analysis are not substitutes for assessing allocation. Multi-criteria 

analysis suffers from the subjective way impacts are weighted. Input-output analysis is a 

useful tool for analysing the local economic activity generated by each sector in terms of 
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employment, expenditures, and revenue but does not consider the surplus values which 

are needed for assessing efficiency (Edwards 1990). Input-output fulfils a planning role 

but should not be used to guide allocation policy. 

The strength of benefit-cost analysis is its ability to compare the net values of all sectors 

within a c o m m o n framework. Table 2.0 summarises the producer and consumer 

surpluses that need to be considered when conducting a benefit-cost analysis of re

allocating resources between the commercial and recreational sectors (Kaufmann 1996; 

Lai, Holland et al. 1992a, and Edwards, 1990). Note that benefits extend beyond the 

angling or harvesting phase and include surpluses generated in related markets. 

However, Edwards (1990) argues that some of the indirect surpluses, such as those 

enjoyed by input suppliers, are unlikely to be affected by a change in allocation because 

their products could be readily substituted into other industries. Easley (1992) provides 

a thorough analysis of the commercial sector by treating all the markets from harvesting 

to retail as an interrelated set of demand and supply functions. 

Table 2.0: A summary of the producer and consumer surpluses that need to be considered in each 

sector when undertaking a benefit-cost analysis of re-allocating fish stocks from one sector to the 

other. 

Producer 

surplus 

Consumer 

surplus 

Recreational sector 

• markets for charter fishing 

• firms that supply the 

recreational sector with 

inputs. 

• markets for entertainment that 

compete for anglers' leisure 

time 

• the recreation "experience" 

(a non-market commodity) 

• 

• 

• 

• 

• 

• 

• 

Commercial sector 

harvesting sector 

wholesale markets for fish 

processors 

retail markets for fish 

firms that supply the commercial 

sector with inputs 

markets for food stuffs that 

compete with seafood. 

retail markets for seafood 

Ideally, a complete analysis should quantify each of the surpluses listed in Table 2.0 and 

estimate the extent to which they change "at the margin" with a change in the availability 
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of fish. But for the purposes of this discussion, only the direct surpluses associated with 

the recreational "experience" and commercial harvesting are examined. The conceptual 

models adopted by Lai, Holland et al. (1992a) are used to show the consumer and 

producer surpluses accruing to these two activities when each activity is operating at an 

economic optimum2 (Figure 2.0). Commercial fishermen are assumed to face a perfectly 

elastic demand curve for fish and a rising marginal cost function. Elastic demand is 

considered to be quite realistic for many Australian fisheries (Pascoe, Green et al. 1987). 

In the case of recreational fishing, the value of catching fish is assumed to diminish at the 

margin, whilst the marginal costs per unit of fish are depicted as being constant. This 

simple conceptualisation understates the true complexity of recreational fishing but is 

sufficient for the moment. The next section explores the economic aspects of recreation 

in more detail. 

Figure 2.0: Conceptual models of commercial and recreational fishing, showing the economic 

surpluses generated by each sector when each activity is operating at optimal equilibrium. 

In Figure 2.0 it is shown that for each sector, marginal net benefits diminish with 

additional fish. That is, consumer and producer surplus diminishes at the margin. This 

information can be used to determine how fish stocks should be the optimally allocated 

to each sector. A simple way to view the allocation problem is to consider what share of 

2 Economic optimum refers to the point where net benefits are maximised. This occurs when fishermen 

equate their marginal costs to marginal benefits. 
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a predefined "total allowable catch" should be assigned to each sector3 (Edwards 1990; 

Lai, Holland et al. 1992a). The optimal allocation of fish is given by the point at which 

the marginal net benefits of each sector are equal, as depicted in Figure 2.1. This 

allocation maximises the sum of total net benefits associated with each sector and is 

known to be "pareto optimal" because it is impossible to make either sector better off 

without making the other worse off. Such a condition presupposes that there is a 

mechanism in place that allows "winners" to compensate "losers" following a 

reallocation. The market for tradeable catch entitlements discussed in Section 2.2.2 is an 

example of how compensation could be facilitated. 

Figure 2.1: Conceptual model of the optimal allocation of total allowable catch between two 

sectors. Note that the marginal net benefit curves are both shown to pass through the origin, 

however this need not be the case. The exact intercepts of the curves must be determined 

empirically. 

The work by Lai, Holland et al. (1992a), Edwards (1990), and others base their analysis 

on a total allowable catch that is determined exogenously for the fishery. More rigorous 

theoretical studies of joint recreational-commercial fisheries determine both the optimal 

catch share and total catch endogenously. For instance, Anderson (1980) demonstrates 

3 This analysis assumes that the resource constraint is binding. That is, the fishery is fully exploited 

such that the activity of one sector directly impacts on the other. 
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how recreational fishing can be incorporated into a "traditional" bioeconomic model of 

commercial fishing4. H e develops a static model of a joint fishery and formulates 

equations that give each sector's optimal level of effort. A graphic representation of his 

model is shown in Figure 2.2. The curves labelled C* and R* represent the optimal 

amount of commercial (recreational) effort required to maximise economic surplus 

conditional upon a given level of recreational (commercial) effort. The optimum levels 

of effort for each sector (D* and E*) that produce the greatest total surplus for the fishery 

are found at the intersection of these curves. Anderson provides a procedure for solving 

these values. 

Figure 2.2: Anderson's (1980) conceptual economic model of a joint fishery. The curves labelled 

C* and R* represent the equations for the optimal joint utilisation of the fishery. D* and E* are the 

levels of effort for the recreational and commercial sectors, respectively, that maximise total 

benefits from the fishery. 

Recreational effort (D) 

E Commercial effort (E) 

At about the same time that Anderson published his work, Bishop and Samples (1980) 

proposed a dynamic model of allocation in a joint fishery. Their model was formulated 

by adding a "recreational component" to a conventional optimal control model of 

4 The traditional model refered to is the standard Schaefer function which has been used widely in 

fisheries economics to describe the biological equilibrium between stocks and harvest. 
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commercial fishing5. It differs from Anderson's model in that it finds an optimum catch 

share by maximising the sum of net benefits over all time periods, thereby allowing for 

the opportunity cost imposed by harvesting fish in current periods to be incorporated in 

the analysis. One of the main observations made by Bishop and Samples was that the 

benefit and cost functions for each sector are not independent the size of fish stocks, so 

the optimal allocation of catch is likely to change with changes in the biological status of 

the fishery. 

The conceptual models described above are useful constructs for examining the optimal 

allocation between sectors under certain conditions. For instance, Sutinen (1993) 

investigated how catch should be optimally allocated in a fishery when the costs of 

enforcing regulations were higher for the recreational sector relative to the commercial 

sector, and Rosenman (1991) demonstrated that the recreational sector can impose costs 

on the commercial sector. However, without empirical information about the marginal 

value and costs of fishing for each sector, they provide little guidance to managers about 

how to best allocate fish stocks. 

Numerous studies have sought to quantify the economic surplus associated with amateur 

and professional fishing. Some have estimated demand and supply functions for each 

sector (eg.Staniford and Siggins 1992), but most have resorted to approximating 

consumer and producer surplus by some other means. Bishop, Milliman et al. (1990) 

conducted a benefit-cost study of rehabilitating the stocks of Yellow Perch in an area of 

the Great Lakes of North America. They assessed how net benefits to each sector were 

likely to increase over a nine year rehabilitation program. Improvements in recreational 

benefits were estimated on a per trip basis and aggregated using subjective predictions 

about the expected annual increase in participation, while commercial benefits were 

estimated using current prices, costs, and information about the elasticity of demand. 

Variants of this approach include studies by Green (1994), Usher (1987), and Potten, 

Dunn etal. (1992). 

5 The conventional optimal control model referred to is the "Clark- Munro" model (Clark and Munro 

1975). 
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Almost without exception, the authors of these benefit-cost studies admit that their 

estimates of recreational benefits are unreliable and imprecise. Economic relationships 

for the commercial sector are reasonably straight-forward to estimate but the value 

functions for recreational fishing, being a non-market good, have proved much more 

difficult to elucidate. The next section reviews the steps that have been made toward 

establishing a framework for analysing recreational fishing and understanding its 

characteristics. 

2.3 The Economics of Recreational Fishing 

2.3.1 Fishing as a Recreational Commodity 

There is a large body of literature that deals with socio-economic aspects of recreational 

fishing. Cunningham (1985) devotes a whole chapter to recreational fishing in his 

textbook on fishery economics, while sociologists have examined the motives, attitudes, 

satisfaction, and behaviour of recreational anglers (eg.Bryan 1977; Ditton, Loomis et al. 

1992; Fedler and Ditton 1994). These studies make it clear that the theoretical 

constructs developed for analysing the economics of commercial fishing do not apply to 

recreational fishing. 

One obvious point of divergence are the different factors that motivate individuals in 

each sector. The primary motive of commercial operators is to profit from harvesting 

fish, whilst recreational anglers are motivated by a whole range of factors, of which 

catching fish is just one. Cunningham (1985) argues that this dichotomy is not strictly 

true because professional fishermen also enjoy a "satisfaction bonus" from their work. 

However, this argument does not detract from the fact that the value of commercial 

fishing is principally driven by market demand for fish. Put another way, the value of fish 

at the margin in a commercial business is probably independent of the lifestyle benefits 

associated with the job. 

Another important difference between recreational and commercial fishing is the 

individual or firm's role as a producer or consumer. Operators in a commercial fishery 

are producers, and the product is fish. Recreational anglers on the other hand are both 
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producers and consumers of a "fishing experience". They produce a quantity of 

experience (measured in units of time) by combining gear, fish stocks, site attributes and 

time. Therefore, time spent fishing is both an input and a source of utility (McConnell 

1985). This makes recreation considerably more difficult to analyse than commercial 

fishing. 

The recreational fishing experience has been found to constitute a complex combination 

of attributes, some of which are fish-related and others which are more closely associated 

with the natural setting or social elements. Numerous sociological studies have sought 

to identify what motivates anglers to go fishing or what they seek from a fishing 

experience. A paper by Fedler and Ditton (1994) grouped anglers' motivations into five 

categories: 

• psychological and physiological (relaxation, break from routine, exercise), 

• natural environment (outdoor experience, solitude), 

• social (friendship, family), 

• fishery resources (challenge, sport, trophy, food source), 

• skill and equipment (develop skills, test equipment). 

Using this classification system, they summarised the findings of 17 earlier studies that 

had been conducted and found that, on average, anglers attach the most importance to 

psychological factors such as "relaxation" and "to get away from the daily routine". 

Factors associated with the natural environment and the "challenge of catching fish" were 

also rated highly. Social aspects were regarded as being moderately to very important. 

Interestingly, the motives of "catching fish for eating" and "obtaining a trophy fish" were 

only rated as slightly to moderately important. 

Despite the fact that a large proportion of anglers say that catching fish is secondary to 

the pleasure they get from relaxing outdoors, the possibility of catching at least one fish 

is a prerequisite for going fishing. The other attributes simply enhance the experience. 

Wilman (1984) argues that fishing is a goal-orientated activity and, as such, anglers must 

periodically attain their goal if they are to continue participating. If fish became scarce 

and catch rates fell, anglers would progressively revise their catch expectations 
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downward until they reached a point where their expected utility from fishing was no 

longer sufficient to attract them to participate. According to the axioms of consumer 

theory, anglers would choose to participate in an alternative activity that yields greater 

utility. The actual catch rate threshold no doubt differs across individuals. 

Sociological studies emphasise the intrinsic values of recreational fishing, but managers 

are typically more interested to know how anglers' values and behaviour are influenced 

by catch rate and other aspects related to the fish stock. There is a wealth of evidence to 

show that anglers' utility is significantly influenced by catch rate (for a review see 

Freeman 1995). W o r k by Fedler and Ditton (1986) has suggested that anglers' 

preferences are highly heterogenous and therefore the shape of the demand function for 

fish is likely to differ widely across individuals. A number of studies have found that 

"specialised" anglers (those w h o are highly skilled and target certain fish types) are 

satisfied with fewer fish per trip than casual anglers (Bryan 1977; Ditton, Loomis et al. 

1992). These studies also point out that recreation is a dynamic process, where 

individuals change their preferences over time as they become more skilled or form 

habits. 

The analysis of recreational fishing is further complicated by the fact that many of the 

"quality" aspects associated with the fishing experience (eg. catch rate and congestion), 

are stochastic and time-dependent. A n angler cannot be certain of the quality he/she will 

find at a site prior to taking a trip, and many attributes fluctuate over the course of a 

fishing season. In this regard, demand for angling is more complex than many other 

forms of outdoor leisure activities that have been analysed such as rock-climbing (Shaw 

and Jakus 1996) and white-water rafting (Bowker, English et al. 1996). The demand for 

fishing is guided by an ex ante belief about quality; conceptually, each individual holds a 

probability distribution of possible outcomes at a particular site which is based upon 

his/her beliefs, skills, and prior experiences. This is a classic case of decision making 

under risk because anglers must expend time and money travelling to a site without being 

certain of what they will find. 

Only a few studies have sought to determine how anglers appraise risk. Larson (1988) 

recognised that both the mean and variance of catch rate varies over time and space. In 
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his demand model he included both moments of the catch distribution and allowed their 

values to be a function of individual characteristics. S o m e work in the sociology 

literature also examines the role of expectations and risk in influencing anglers' utility. 

Hudgins and Davies (1984) suggested that anglers' satisfaction could be improved if they 

were given objective information about probable catch outcomes. Implicit in this 

hypothesis is the assumption that anglers have unrealistically high expectations and that 

by informing them about realistic probabilities of success, their subjective distribution can 

be shifted downwards to match achievable outcomes. 

Spencer and Spangler (1992) tested this hypothesis by providing one group of anglers 

with information about average catch rates prior to their trip and compared their post-

trip satisfaction with a control group of anglers w h o were not given information. The 

study did not find any significant difference in satisfaction between the two groups, 

although it failed to properly establish from the outset whether anglers were indeed too 

optimistic about their fishing success. The papers by Hudgins and Davies (1984) and 

Spencer and Spangler (1992) raise the question whether it is theoretically possible to 

improve an individual's welfare simply by changing their perceptions. This is an avenue 

for further research. 

Another aspect of recreational fishing that pertains to quality is the potential for some 

attributes to be degraded by over-use. For instance, catch rate and congestion are two 

attributes of the fishing experience that are partly "rival in consumption". That is, at 

some point, the entry of another angler reduces the welfare of others. Recreational 

fishing is best described as a "mixed public good" (Broadway and Bruce 1984). It has 

some characteristics of a "pure public good" (for example one angler's enjoyment of a 

sunset does not detract from the utility of others) but it also suffers from externalities 

when too many people participate in the activity: Sites become congested and stocks 

become depleted. Interestingly, the stock externality is lessened as anglers become more 

conservation minded and begin to practise "catch and release" fishing. This shift in 

attitudes and behaviour adds another tier of complexity to analysing the benefits and 

costs of allocation (Anderson 1992). 
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2.3.2 Theoretical Models of Recreational Fishing 

A number of bioeconomic models have been developed that conceptualise the demand 

for recreational fishing. Some of the earliest work is contained in papers by McConnell 

and Sutinen (1978), Bishop and Samples (1980), and Anderson (1983). The first two 

papers base their analysis on a conventional dynamic model of commercial fishing which 

is modified by replacing commercial demand and supply functions with functions that are 

appropriate for recreational fishing. McConnell and Sutinen defined an individual 

demand function for "days of fishing" as follows: 

P = P[d, h(X)] 

where; 

P = marginal willingness to pay for a day of fishing 

d = number of fishing days demanded per year 

h(X) = angler's catch per day, which is a function of the size of fish stocks, X. 

The marginal value of a fishing day is assumed to be a decreasing function of days fished 

(3P/3d < 0) and an increasing function of catch rate (3P/3h > 0). In turn, catch rate is 

assumed to be an increasing function of stocks (dh/dX > 0). The total aggregate 

consumer surplus from a year's fishing is given by the area under the demand function 

and above the angler's marginal cost curve: 

j*n{P[d,h(X)]-c}dd 

where n is an exogenous estimate of the number of anglers in the population and c is the 

marginal cost of a fishing day, assumed to be constant and identical across all anglers. 

McConnell and Sutinen use their model to find an optimal level of average effort per 

angler (d*) which maximises the discounted stream of benefits over time subject to a 

biological growth constraint. This optimum is shown to be lower than the level of effort 

that would be applied if the fishery was open-access. Bishop and Samples took a similar 

approach but instead of defining demand and cost functions for fishing days, they 

expressed marginal costs and benefits in terms of the quantity of fish caught. 
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Anderson (1983) developed a static model of recreational fishing which is based on the 

traditional Schaefer function. Unlike the other two papers, he concentrates on modelling 

the stock and congestion externalities that are inherent to recreational fishing6. Anderson 

begins his analysis by defining an individual's net marginal benefit curve for fishing days: 

P = P[d, s(D), h(D), p, e] 

where; 

P = marginal willingness to pay for a day of fishing, 

d = number of fishing days demanded per year, 

D = the sum of fishing days by all individuals (ie. D = Xdj), 

s(D) = the relationship between the average size of fish caught and the total amount of 

recreational fishing effort by all individuals. 

h(D) = the relationship between the average catch per day and the total amount of 

recreational effort by all individuals, 

p = a vector of fishing expenses and income parameters. 

e = a vector of environmental and social factors concerning the fishing experience. 

As for the other papers, marginal willingness to pay for a day of fishing is assumed to be 

a decreasing function of fishing days and an increasing function of quality, namely catch 

rate and fish size. In this model however, quality is explicitly a function of the total 

effort expended in the fishery7. Under these circumstances it is impossible to obtain an 

aggregate demand function simply by summing all individual demand curves because 

6 Externalities are accounted for in the models by Bishop and Samples (1980) and McConnell and 

Suiten (1978) but are not made explicit. 

7 It is also conceivable that catch rate is a function of an individual's competency. Anderson presents a 

simplified model which assumes that all participants are homogenous with respect to their taste, skills, 

and opportunity costs. Allowing for individual heterogeneity would add considerably to the complexity 

of the model. 
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total effort is both the item being measured on the horizontal axis and a shift parameter 

of the individual curves. 

Anderson circumvented this problem by defining a "congestion corrected" aggregate 

demand function, labelled C C in Figure 2.3. The C C curve is obtained by firstly 

postulating that anglers formulate their individual demands based on an assumed level of 

total effort in the fishery. For each level of aggregate effort (D) there exists a specific 

individual demand function (KK) which is based on a particular level of fishing quality 

and congestion. The C C curve then corresponds to all points where the actual amount of 

total effort coincides with the amount used by individuals in formulating their demand 

curves. This "corrected" demand function represents anglers' actual marginal willingness 

to pay that results as users adjust to changes in the stock and congestion. 

Figure 2.3: Anderson's (1983) theoretical model of recreational fishing. The K K curves represent 

individual demand curves when total effort (and hence quality) is fixed at a particular level, D. 

The C C curve is a "congestion corrected" aggregate demand for the population of anglers. 

The total consumer surplus for a particular level of D is given by the area under the 

relevant K K curve. In Figure 2.3 it is shown that the change in consumer surplus from 

increasing effort may be either positive or negative, depending upon the magnitude of 

losses associated with congestion and reductions in catch rate. The economic optimum 

level of effort corresponds to the point where the consumer surplus under the 
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appropriate K K demand curve, out to the operational CC curve, is maximised. Anderson 

provides equations for solving the economically efficient level of effort. 

Anderson builds upon his original conceptual framework in a subsequent paper 

(Anderson 1992). In this article he extends the model in three ways: Firstly a distinction 

is made between total catch per day (CPD) and landings per day (kept fish). The two 

parameters are treated as different attributes of utility; once an angler satisfies his 

demand for food, he may continue to catch and release fish. It is hypothesised that total 

catch rate is a biologically determined constraint, while landings is a decision variable 

whose level is reflected by an individual's diminishing marginal utility for food. B y 

definition, landings must be less than or equal to C P D . 

Secondly, both inter-temporal and intra-temporal stock externalities are captured. This 

is done by making C P D a function of aggregate effort, stocks, and aggregate landings. 

The total number of fish harvested and kept in period t is assumed to have an impact on 

stocks in future periods, while C P D in the any given period is influenced by the 

aggregate level of effort in that same period. A third modification to the original model 

is the inclusion of a participation decision which allows the total number of anglers be 

variable and dependent upon expected utility from fishing. 

Collectively, the theoretical work by Anderson and others provides a good foundation 

for analysing recreational fishing. It highlights the trade offs that exist between quality 

aspects of the recreation experience and the quantity of effort expended in the fishery. It 

reinforces the importance of designing management policies based on marginal values 

rather than average values. Other aspects identified in the literature as being important 

considerations for empirical modelling are the diversity of attributes that contribute to 

the value of recreational fishing, the inter-temporal effects of current consumption on 

future benefits, and the large variation in preferences and abilities within the angling 

community 
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2.4 Conclusion 

In this chapter the underlying causes of allocation disputes in fisheries were reviewed, 

together with an examination of the extent to which different management regimes are 

capable of allocating resources efficiently between users. The institution of property 

rights is considered fundamental for ensuring that resources are allocated to uses that 

maximise net benefits to society. A system of co-management is identified in the 

literature as one possible structure that could achieve the goal of efficiency at minimum 

cost to government. However, this system does not absolve the government from 

developing policy to guide the allocation of resources between user groups. 

Information about the costs and benefits of implementing different policies is essential for 

decision making. Several frameworks for assessing the economic effects of reallocating 

resources were reviewed and it was argued that benefit-cost analysis is the only 

technique that is suitable for diagnosing welfare impacts. It was shown that the optimal 

share of catch between two sectors coincides with the point where the marginal net 

benefits of each sector are equal. While this theory is sound, most of the empirical 

studies of fisheries allocation that appear in the literature acknowledge that recreational 

values are extremely difficult to elucidate and more research is needed to improve our 

techniques for measuring anglers' willingness to pay. 

The second half of the chapter focused on theoretical aspects of recreational fishing. It 

revealed the complex nature of the "fishing experience", and the problems this poses for 

valuation. Several bioeconomic models of recreational angling have been proposed but 

there are very few examples in the literature where they have been applied to actual 

fisheries using "real" data. The conceptual models do, however, identify the main 

relationships that need to be empirically estimated. These are: 

• demand functions for access to a fishery ($/day), and for quality aspects of the fishing 

experience such as catch rate ($/fish). 

• marginal cost functions for anglers in terms of effort ($/day) and catch ($/fish). 
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• biological interactions between aggregate effort, stocks, and fish-related aspects of 

quality (average size, catch rate, species composition). 

• a function to explain the entry or exit of new participants to the fishery. 

The next chapter reviews the progress that has been made towards estimating these 

relationships. It describes the empirical techniques that have been developed for valuing 

non-market goods and assesses how well these methods have performed when they have 

been applied to analyse recreational fishing. 

33 



CHAPTER 3: VALUING RECREATION: The Techniques and Their 

Past Performance 

3.1 Introduction 

In this chapter four techniques are reviewed which have gained acceptance in the 

literature as being useful tools for valuing non-market goods. They are the travel cost 

method, contingent valuation, the random utility model, and choice modelling. Each 

technique is briefly described in terms of its underlying theory, the method by which it 

measures consumer preferences, and its relative strengths and weaknesses at quantifying 

access values and quality aspects of recreational fishing. 

In the course of discussion, specific reference is made to a selection of empirical studies 

that have applied these techniques to recreational fishing. There is no shortage of 

applied work: Whilst researching this thesis almost 100 papers were collected. The 

values obtained by some of these studies are reported, although it is difficult to directly 

compare results that have been obtained using dissimilar methods. The majority of 

research has been conducted in the United States, possibly because surveys of 

recreational fishing have been routinely carried out in that country since 1980 so there is 

ample data. Australian studies are much fewer in number. M a n y input-output analyses 

and expenditure surveys have been commissioned, but only five studies have measured 

the consumer surplus attributable to marine recreational fishing . 

3.2 The Family of Valuation Techniques 

A wide variety of survey techniques have been developed over the last 40 years for 

valuing non-market goods and services such as recreation. All of the techniques are 

centred on the individual consumer, and either estimate values by observing people's 

actual visits to recreation sites or by asking respondents to state their preferences for 

hypothetical goods. The former approach is known as "revealed preference" while the 

latter is referred to as a "stated preference" method. In addition to this basic 

1 The five studies known to the author are: Dragun (1991); Collins (1991); Stamford and Siggins 

(1992); Burns, Damania, et al. (1997); and Blarney (1998). 



Chapter 3: Valuing Recreation 

distinguishing feature, the valuation techniques differ with respect to their underlying 

theory of consumer demand. 

Table 3.0 lists the main techniques that have been used to value recreational fishing. 

Each is categorised according to the criteria mentioned above and reference is m a d e to 

the researcher(s) w h o first utilised the technique. The travel cost method was the first 

method to be developed for valuing recreation. It is founded on neoclassical demand 

theory and assumes that individuals react to travel costs in the same w a y that they 

respond to prices of market goods. A demand function for "recreation trips" is estimated 

by observing the annual number of visits made by individuals to a site, together with 

quality attributes of the site, the individuals' travel costs, and socio-economic 

characteristics of the individual. The annual consumer surplus derived from recreating at 

a site is then equal to the area beneath the demand function and above the mean price of 

a trip, which is calculated by integration. 

Table 3.0: Commonly used techniques for valuing non-market goods and services, categorised 

according to the method by which consumer preferences are obtained and the theory that 

underlies the technique. 

Co 

Demand Theory 

Discrete Choice 

• Travel Cost Method 

(Clawson 1959) 

• Hedonic Travel Cost Method 
(Brown and Mendelsohn 1984) 

• Revealed Preference Random 
Utility Model 

(McFadden 1974) 

Stated Preference 

• Traditional Contingent Valuation 
Method 

(Davis 1963) 

• Dichotomous Choice Contingent 
Valuation Method 

(Bishop and Heberlein 1979) 

• Choice Modelling 

(Louviere and Hensher 1982) 

Hedonic modelling is another type of revealed preference method. Hedonic models 

originate from the property valuation literature where they are used to relate housing 

prices to property attributes. A modified version has been developed to value recreation. 

It assumes that people are prepared to pay more to visit sites that have above-average 

levels of quality. Shadow prices for quality attributes are estimated by regressing the 
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travel cost associated with accessing a site against the characteristics of that site. 

Unfortunately the hedonic travel cost model has some significant theoretical problems 

(Freeman 1993). Consequently, it has not been widely accepted and will not be 

discussed at further length. 

The contingent valuation method was developed shortly after the travel cost model. It 

emerged partly out of a desire to avoid the econometric difficulties that are inherent in 

travel cost modelling. Instead of estimating a demand function from trip data, 

respondents are asked directly about their willingness to pay for access to a recreation 

site or an improvement in quality. Therefore it is classified as a stated preference 

technique. A s the name suggests, values derived by this technique are contingent upon 

the hypothetical scenario formulated by the researcher. Original applications of the 

method used "open-ended" questions or "iterative bidding" to elicit values. However, 

these question formats are now rarely used because they are vulnerable to a range of 

biases. 

Traditional forms of contingent valuation have largely been superseded by the 

dichotomous choice contingent valuation method. This constitutes a "closed-ended" 

question which elicits whether individuals are willing to pay a given "bid amount" in 

return for access to a recreation site or improvement in quality. Individuals are only 

given the option of answering "yes" or "no", so preferences are encoded as binary 

variables. These data are then analysed using a logit model which describes an 

individual's probability of accepting the bid. The method has become widely adopted 

because it reduces the burden on respondents to provide a bid. All that is required is an 

indication of whether one situation is preferable to another, which is similar to a 

referendum. 

In the mid 1970's a new type of revealed preference technique called random utility 

modelling was developed for analysing consumer preferences. It was initially applied to 

model commuters' choice of transport mode (McFadden 1974) but was later adapted for 

valuing recreation (Bockstael, Hanemann et al. 1987). Unlike the travel cost method, 

which describes an individual's demand for trips over an extended period of time, the 

random utility model explains an individual's discrete choice of recreation site from a 
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finite set of alternatives every time a trip is made. The observed pattern of choices is 

assumed to be generated by an underlying utility-maximising process called random 

utility theory. Hanemann (1984) has shown that this same theory governs respondents' 

binary responses to dichotomous choice questions in a stated preference experiment. 

Random utility theory also underpins a stated preference technique called choice 

modelling which has only recently begun to be used for quantifying non-market values. 

This method is an experimental way of eliciting preferences. It presents respondents 

with a series of questions, each of which requires the individual to choose one alternative 

from a number of options. Each alternative is characterised by a bundle of attributes, 

whose levels are varied across the options. The choice data that is collected from this 

questioning procedure is akin to choices that are actually observed to occur in the field, 

and the statistical techniques used to analyse the data are identical. However, choice 

modelling has the advantages of being able to elicit values from people w h o are 'non-

users' and estimate values for alternatives that do not currently exist. 

The next section describes each of these techniques in more detail and reviews a number 

of empirical studies that have estimated the size of recreational benefits associated with 

access or quality aspects of the fishing experience. 

3.2.1 Travel Cost Method 

The travel cost method ( T C M ) has been one of the most commonly used techniques for 

deriving benefit estimates for recreational fishing. It is now less popular among 

researchers because of its inherent weakness at capturing substitution effects. The 

simplest version of this method involves estimating a demand function for an angler's 

trips to a single site, where it is assumed that there are no alternative sites available2. A 

general specification for this function is: 

2 Travel cost models were originally estimated using per capita visits from zones around the site. This 

method is best suited to situations where the site is used predominantly by 'once only' visitors (Bennett 

1996). 
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r = r(p, Y, q, s) 

where r is the annual number of visits made by the individual to the site, p is the 'price' or 

travel cost associated with a visit to the site by the individual, Fis the individual's 

income, s is a vector of socio-economic characteristics of the individual, and q is a vector 

of exogenous, deterministic quality attributes belonging to the site. A number of quality 

attributes have been examined in empirical studies of recreational fishing including 

factors such as catch rate, fish size, congestion, and measures of water clarity. Mean 

values for these variables are usually used as indicators of fishing quality. 

The TCM produces a Marshallian demand function which is assumed to be the outcome 

of an individual maximising his/her utility subject to a budget constraint: 

Max: u(X, r, q), subject to: Y = X + p . r 

This simple representation of the problem assumes that the duration of a visit is fixed, 

which allows time on-site to be replaced by the number of visits, r. The variable X is the 

quantity of the numeraire whose price is one. The average 'per person' consumer surplus 

(CS) for a years access to the site is estimated by the area beneath the demand function 

and above the mean price of a trip across all anglers in the sample. For a linear demand 

function, consumer surplus is given by integration: 

CS = \Pir(p,Y,q,s)dpi = ?— 

where pi= mean price of a trip to the given site. 

p0 = the choke price, or the price which drives trip demand to zero, 

P = the coefficient on the price variable. 

r = the sample mean number of trips 

Unfortunately a range of difficulties are encountered when the travel cost method is 

applied (Bockstael, McConnell et al. 1991). In part, these difficulties arise when the 

simplifying assumptions mentioned above are relaxed. The main issues are: 

• accounting for multiple sites and substitutes, 
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• incorporating quality in the demand function, 

• valuing the opportunity cost of time and incorporating time spent on-site as a choice 

variable, 

• selecting a functional form and estimator for the demand model, 

• accounting for multi-purpose and multi-destination trips 

• incorporating the participation decision. 

Beginning with the first issue, it is not uncommon for anglers to have access to many 

sites within a region. In this situation, the number of trips made by an individual to a 

given site depends not only on the price and quality of that particular site, but also on the 

attributes of any substitute sites in the region. Omitting these substitutes from the 

demand function biases its parameters (Caulkins, Bishop et al. 1986). The sign of bias 

on the o w n price variable depends upon the sign of correlation between it and the 

omitted price variables. This, in turn, is determined by the spatial distribution of the 

sample of anglers relative to the fishing sites. If the prices of substitute sites are omitted 

from the demand function, and they are positively correlated with the price of the site 

being valued, then welfare is under-estimated. The opposite is true if substitutes are 

negatively correlated with o w n price. It is possible to minimise this bias by including the 

prices and qualities of substitute sites in the demand function, but often it is not obvious 

which sites should be included (Freeman 1993). 

In many policy settings, fishery managers are interested in knowing the net value of 

recreational angling across an entire region rather than a single site. This calls for an 

extension of the single site model. The most c o m m o n method is to estimate a "pooled" 

model3. This is a single demand equation which pools the observed number of trips 

made by individuals to specific sites. For instance, the number of trips (nj) made by 

individual i to sitey is given by: 

The other option is to estimate a system of demand equations, one for each site. These models are 

cumbersome to estimate as the number of sites increase. Also, they assume that all individuals visit all 

the sites, which is clearly not the case (Fletcher, Adamowicz et al. 1990). 
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iji = r (pjj, Y j , q,, Sj) 

Examples of studies which have used pooled models are Milon's (1991) study of the 

value of angler's catch in the Gulf of Mexico, a study by Hushak, Winslow et al. (1988) 

w h o examined the value of sport fishing on the Great Lakes of North America, and an 

Irish study of recreational fishing by O'Neill and Davis (1991). While the pooled model 

is simple to estimate, it constrains the coefficients on price and quality to be the same 

across all sites, implying that an improvement in catch rates yields the same benefits 

irrespective of which site is improved. Clearly, this is an unrealistic restriction. 

The analysis of quality effects is critically important to recreational fishing because 

management decisions frequently require information about the marginal value of fish. It 

is usually not possible to estimate parameters for quality attributes using a single site 

model because quality is constant for all individuals w h o visit the site. However, some 

researchers have got over this hurdle by inducing variation across respondents. This can 

be achieved by eliciting the respondent's perception of quality at the site (Kealy and 

Bishop 1986) or formulating a separate function for predicting an individual-specific 

catch rate (Whitehead 1993). 

More commonly, a pooled, multi-site model is used to estimate the value of quality. It 

exploits the differing levels of quality that naturally occur across sites. In this model 

quality is included as a demand shifter. Consequently, the value of an improvement in 

quality is given by the difference in area under the original and "new" demand curves. 

Marginal values for quality are constant if the quality variables enter the demand function 

in a linear fashion. Despite the weaknesses of the pooled model, it has been used 

extensively to derive marginal values for fish (eg. Loomis 1989; Sorg and Loomis 1986; 

Leeworthy 1990). 

Several other variants of the travel cost model have been used to obtain values for 

quality. Vaughn and Russell (1982) developed a "varying parameter model" that starts 

by specifying a separate demand function for each site in the study area. Quality is not 

included in these functions. In the next stage, the price parameters from each demand 

function are regressed on site qualities. This procedure enables the price coefficient to 
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become a function of quality. A slightly different approach was taken by Samples and 

Bishop (1985). They start by estimating welfare measures for fishing at each site using a 

standard T C M , then regress these measures against the mean quality found at each 

corresponding site. Neither of these alternatives account for substitution effects among 

sites following a change in quality, so they are no better than the pooled model in this 

respect. 

Another approach is to ask respondents whether they would increase their number of 

trips to a site (and by how many) if catch rates were to improve by a certain amount. 

This strategy has become known as the "contingent behaviour" travel cost method and 

has been applied to recreational fishing by several authors (Layman, Boyce et al. 1996; 

Maharaj and Opaluch 1996). While it offers an attractive alternative to valuing quality, it 

introduces a hypothetical element to the analysis, which brings with it a host of biases 

such as strategic behaviour and protest responses. 

The role of time in demand modelling is a key issue in the literature. The debate about 

time concerns two main topics; (i) specifying an opportunity cost for travel time and time 

spent fishing, and (ii) specifying on-site time as a choice variable. With respect to the 

first topic, it has been observed that welfare estimates generated by the travel cost 

method are particularly sensitive to the value placed on time (Fletcher, Adamowicz et al. 

1990). Most studies do not put a cost on the time that anglers spend fishing at a site, but 

they do assume that travel time is costly. It has become standard practice to value 

people's travel time at some proportion of their wage rate, implying that individuals have 

flexible working hours and can trade off work time with leisure time (McConnell 1985). 

The other time-related topic concerns the problem of estimating a travel cost model for 

individuals w h o take trips of differing length. Recall that one of the fundamental 

assumptions of the travel cost model is that the duration of a visit is fixed. If it becomes 

variable, then "trips per angler" cannot be used as a measure of consumption, and a 

separate equation is needed to explain the anglers choice of trip length. McConnell 

(1992) has developed a way of accounting for trips of differing length but, in practice, 

most empirical studies estimate demand functions using trips of equal length (eg. only 

day trips). 
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Recent work in the field of recreation economics has concentrated on refining the 

methods used to statistically analyse trip data. Demand functions were originally 

estimated by Ordinary Least Squares, but now it is regular practice to assume that trips 

are distributed according to a Poisson process or similar type of count model. Count 

models are considered to be more appropriate for describing trip demand because trip 

data is censored at zero (the number of trips taken by an individual cannot logically be 

negative), and trips occur in integer values rather than being continuously variable. For 

this type of data, estimating a standard regression model by Ordinary Least Squares 

produces biased parameters (Smith 1988). 

Recent examples of fishing studies that have used a Poisson model are Creel and Loomis 

(1992), Lin, Adams et al. (1996), and Feather, Hellerstein et al. (1995). Some studies 

have gone one step further and jointly estimated two Poisson models (Englin, Lambert et 

al. 1997). One model is used to predict trip demand while the other predicts catch rate 

which is included as an explanatory variable in the demand function. A single likelihood 

function is then formulated for both models and parameters are estimated using 

M a x i m u m Likelihood. 

Trip data are also frequently truncated. That is, they do not contain any zero values 

because many recreation surveys only involve active participants. Statistical methods 

have been developed to handle truncation and most empirical studies now employ these 

techniques. Alternatively, some researchers collect data from both participants and non-

participants. A modified count model is then used to jointly analyse an individual's 

decision to participate in recreational fishing over the course of a season and, conditional 

upon participating, the individual's level of activity. Modelling the participation decision 

may be important in circumstances where improved quality is likely to induce new 

entrants to the fishery (or a degradation cause people to exit). 

Recent papers by Shonkwiler and Shaw (1996), Shaw and Jakus (1996), and Haab and 

McConnell (1996) have employed a "double hurdle" Poisson model to examine why 

some individuals choose not to participate. They argue that observed zero values for 

trips are generated by two different mechanisms. Either the individual is not interested in 

fishing at all, and therefore does not enter the "market", or he might be an active angler, 
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but optimally chooses not to go fishing within the study area. Therefore individuals are 

hypothesised to confront two decision "hurdles": The decision to enter the market and, 

conditional on entering the market, the decision to go fishing in the study area. Different 

variables are assumed to be responsible for each decision. The proponents of this work 

have demonstrated that allowing anglers to "opt out" makes a significant difference to 

the welfare benefits calculated for changes in quality. 

This brief review of the literature illustrates the breadth and complexity of issues 

associated with the T C M . M a n y other topics are explored in the papers by Fletcher, 

Adamowicz et al. (1990) and Smith (1989). The main criticism levelled at the T C M is its 

failure to explicitly account for substitutes and quality attributes. Bockstael, McConnell 

et al. (1991) asserts that the method is best suited to situations where individuals tend to 

always visit the same site and therefore are likely to respond to management changes by 

changing their frequency of trips. Reciprocally, people who have constraints on their 

time and do not have the flexibility to increase their number of trips are likely to respond 

to changes by swapping between sites. The T C M has been shown to perform poorly in 

these circumstances (Kling 1986). 

3.2.2 Traditional Contingent Valuation Methods 

Contingent valuation is another method that has been used extensively to value 

recreational fishing. It offers an appealing alternative to the T C M for gathering 

information about the economic value of fishing at particular sites, the value of fish at the 

margin, or the whole recreation experience. The method is particularly appropriate for 

valuing congestion, which is difficult to analyse with the T C M owing to the endogenous 

nature of this attribute (Bockstael, McConnell et al. 1991). It is also capable of eliciting 

non-use values held by people w h o may never go fishing, something that the T C M 

cannot achieve. Perhaps the greatest advantage of contingent valuation is its ability to 

value changes to quality dimensions that do not currently exist in the fishery. 

The contingent valuation method (CVM) produces a "compensating surplus" measure of 

welfare that compensates for income effects. In contrast, the Marshallian consumer 

surplus estimated by the T C M does not adjust for utility gained or lost by an individual 
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when his/her income changes following a change in quality or price. If the good being 

valued has a low income elasticity, then the difference between the two welfare measures 

is likely to be negligible. Research suggests that recreational fishing has a low income 

elasticity, although results are mixed (Morey, R o w e et al. 1993; Herriges and Kling 

1997). 

Three question formats were originally used by CVM practitioners: Open-ended 

questioning, iterative bidding, and payment card methods. Each type of question format 

has been applied to recreational fishing, some examples of which appear in Table 3.1. 

Note that values obtained from C V M surveys have been analysed in two ways. In the 

most straight-forward case, individual willingness to pay for access to a fishery is 

averaged across respondents to obtain a mean or median value for the fishery (eg. 

Connelly and Brown 1991). More rigorous studies seek to explain the variation in 

willingness to pay across the sample by estimating a "bid function" (eg. Seller, Stoll et al. 

1985). Unfortunately, few authors have had much success in obtaining a statistically 

significant model. The remainder of this section reviews some of the methodological 

issues that are associated with these types of studies. 

Definition of the scenario 

For contingent valuation to be applied successfully, it is important to define carefully the 

scenario in order to ensure that all respondents have a clear understanding of the good 

being valued. This usually requires that scenarios be location-specific and sufficiently 

detailed so as to provide respondents with a precise definition of how the management 

change will impact upon catch rates or other components of quality. Substitutes must be 

controlled by placing the good in the appropriate context. A n Australian study of 

recreational fishing by Dragun (1991) failed to define adequately the good and 

consequently his results are difficult to interpret. Carson and Mitchell (1993) claim that 

in the majority of cases where C V M results do not agree with theoretical expectations, 

the problem lies with poor survey design rather than a flaw in the technique. 
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Table 3.1: A selection of studies that have used 'traditional' contingent valuation methods to value 

recreational fishing. 

Author(s) 

(Connelly and 
Brown 1991) 

(Dragun 1991) 

(Johnson and Adams 
1989) 

(Jones & Stokes 
Associates 1991) 

(Milon, Thunberg et 
al. 1994) 

(Seller, Stoll et al. 
1985) 

(Sorg and Lxx>mis 
1986) 

(Staniford and 
Siggins 1992) 

"Good" valued 

specific fishing trip 

qualitative improvement 

in fishery management 

quantitative 

improvement in expected 

catch rate 

avoidance of a 
percentage reduction in 

catch rate 

specific increase in bag 
limits, size limits, or 

catch rate. 

visits to a specific lake 
over the last 12 months 

specific fishing trip, 

increase in catch rate, 
and fish size. 

specific fishing trip and 
indirectly valued fish. 

Payment vehicle & 

question format 

trip costs; o/ended 

tax or an annual 

licence; o/ended 

annual licence; 

o/ended 

management fund; 

o/ended 

annual licence or a 

management fund; 

o/ended 

annual boat ramp 
permit; o/ended 

trip costs; bidding 

trip costs; payment 
card 

Bid function 

estimated? 

no 

no 

yes 

yes 

no 

yes 

no 

yes 

R2 

n/a 

n/a 

0.95* 

not 

given 

n/a 

0.06 

to 

0.13 

n/a 

0.24 

This high R2 was obtained because the authors used mean values of the dependent and independent 
variables. 

Payment vehicles 

The exact manner in which values for recreational fishing have been secured varies 

considerably (Figure 3.0). One of the distinguishing features of these questions is the 

"payment vehicle" or the mechanism by which the individuals are required to 

hypothetically pay for a good. Typical payment vehicles are taxes, licences, voluntary 

contributions to a management fund, or trip costs. Previous work has found that people 

are sensitive to the social arrangement within which payments take place (Cummings, 

Brookshire et al. 1986). They might be sceptical about whether the payment scheme 

would ever materialise or whether the money will be correctly appropriated. Others 

could oppose the proposed scheme on ethical grounds. For this reason, many 
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researchers have employed trip costs since this vehicle does not imply a particular 

method of collecting money. 

Figure 3.0: A selection of some of the question formats and payment vehicles that have been used 

to elicit values for recreational fishing. 

Open-ended question (Connelly and Brown 1991). 

If the cost of travelling to sitej were to increase, what is the maximum amount you would be 
willing to pay before you would have decided not to go? This question was asked after establishing 
how much the respondent spent on a recent fishing trip to site./. 

Iterative bidding format (Sorg and Loomis 1986). 

Was the trip to sitej worth more than you spent? (If yes, proceed to the next question) Was the trip 
worth 20% more than you spent? (If yes, proceed to next increment) Was it worth (20+n)% ? (and 
so on until a no response was obtained). 

Open-ended question (Milon. Thunberg et al. 1994) 
How much would you be willing to pay for an annual licence that would allow you to increase 
your daily bag limit offish type kfrom A to Bfish per trip ? 

Open-ended question (Jones & Stokes Associates 1991) 
What is the maximum amount that your household would be willing to pay annually into a 
management fund to prevent a 15% reduction in the available harvest of salmon? 

O n e w a y to gauge the extent of bias introduced by the payment vehicle is to examine the 

proportion of "zero bids" in the sample, some of which could be interpreted as protests. 

In the study by Connelly and Brown (1991), 1 2 % of people refused to pay more than 

their current expenditure. Sorg and Loomis (1986) reported 9 % to 2 1 % zero bids 

depending upon the sample of anglers questioned. For some studies that were reviewed 

up to 5 0 % of respondents gave a zero bid (Jones & Stokes Associates 1991). Perhaps 

part of reason for these differences across studies can be attributed to the payment 

vehicle. It is n o w standard practice to evaluate the extent of bias by asking respondents 

w h o gave a zero bid w h y they were not willing to pay anything. 

Direct and indirect elicitation of values for quality 

Two procedures have been used to value improvements in quality. The first is to ask 

respondents directly h o w m u c h they are willing to pay for an increase in quality, all else 
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being equal (eg.Milon 1991; see Figure 3.0). A n alternative approach is to determine 

values indirectly. This involves estimating a willingness to pay function for fishing trips 

with quality attributes included as regressors in the model. The marginal value of a 

particular quality attribute is then obtained by partially differentiating the demand 

function with respect to the attribute of interest. Staniford and Siggins (1992) employed 

this technique to derive values for fish in South Australia. 

A number of researchers have investigated whether willingness to pay for an 

improvement in quality is sensitive to scope. For example, Johnson and A d a m s (1989) 

and Jones & Stokes Associates (1991) asked respondents to bid for successively higher 

increments in catch rate. They found significant scope effects. In fact, many studies that 

have used C V M to value non-market goods have found that respondents' bids are 

sensitive to different levels of a good when presented with a sequence of questions 

(Carson 1995). However, there is less evidence of scope effects in studies that have used 

a split-sample design where respondents in each sub group are asked to value a different 

level of good (eg. Blarney 1998). Critics of C V M use this finding to argue that the 

technique does not produce valid estimates of willingness to pay (Kahneman and Knetsch 

1992), while proponents of the method maintain that failure to find scope effects is due 

to poor survey design and administration rather than a problem with the technique itself 

(Carson and Mitchell 1993) Further research is needed to resolve this issue. 

One of the culprits identified as responsible for lack of sensitivity to scope is symbolic 

bias. This occurs when the good being valued is poorly described, and is perceived by 

the respondent to be symbolic of a larger good (Mitchell and Carson 1989). It is easy to 

see how this might apply to the situation where anglers are asked to value a specific 

improvement in catch rate. S o m e of the respondents might interpret this as symbolic of 

"better fishing conditions all round" and not pay any attention to the actual size of 

increase. Adding to the confusion, catch rates are probabilistic and individuals m a y have 

difficulty thinking in terms of average improvements in catch rate. 

Traditional CVM techniques have largely fallen out of favour among practitioners. The 

iterative bidding and payment card methods have been shown to suffer from "starting 

point bias", which occurs when the initial bid affects the respondent's bid. There is a 
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concern that respondents find open ended questions too difficult to answer because they 

are not accustomed to expressing a maximum willingness to pay (Hanemann 1994). 

Respondents may have a preference for one alternative over another but do not know 

their maximum willingness to pay for a good. Research by Schkade and Payne (1993) 

reinforce this hypothesis. They debriefed each respondent after asking open-ended 

questions, and found that a large proportion of people constructed their bids on the basis 

of what they were accustomed to donating to a charity or good cause, rather than giving 

a considered answer of the willingness to pay. Due to these concerns, the dichotomous 

choice version of C V M has become a popular alternative to open-ended questioning. 

3.2.3 Dichotomous Choice Contingent Valuation 

The dichotomous C V M replaces the open ended question with a simple "yes/no" 

(dichotomous) question. Respondents are asked whether they would be willing to pay a 

certain "offer amount" in return for improved quality, continued access, or resource 

protection. Responses are recorded as binary "zero/one" values which denote rejection 

or acceptance of the offer amount. T w o different mechanisms have been suggested as 

being responsible for generating the observed responses. The first interpretation, by 

Cameron (1988), assumes that an individual answers "yes" only if his/her willingness to 

pay exceeds the offer amount. The researcher cannot observe the respondent's 

willingness to pay (WTP), so it is a treated as a random variable. The respondent's 

choice can therefore only be determined up to the level of a probability, given by 

Equation 1. 

The model is made operational by assuming a cumulative density function for WTP, 

denoted Gwtp(.). The probability of a "yes" response to the offer amount (A) is the given 

by Equation 2. A standard logistic function is frequently adopted for empirical work. 

Under this assumption, the probability of a "yes" response is described by a binary logit 

model (Equation 3). Parameters of the logit model are estimated by maximum likelihood 

and mean W T P is calculated as the integral over the appropriate range of bids. 

Prob (yes) = Prob (WTP >A), where A is the offer amount. (1) 

Prob (yes) = l-Gwtp(A). (2) 
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Prob (yes) = exp(A)/[l+exp(A)j (3) 

The binary responses have also been interpreted as being an outcome of a random utility 

process (Hanemann 1984). This theory states that consumers accept or reject the offer 

amount on the basis of maximising their utility subject to monetary and time constraints. 

Consider the case where an individual is asked whether he/she is willing to pay $ A for an 

improvement in catch rate from q° to q1. The individual is assumed to accept the offer if 

Ui > U 0 , where U, is the utility obtained by choosing "yes" and U 0 is the utility from 

choosing "no". 

Randomness enters the problem because, while the respondent knows his/her 

preferences, the researcher does not know all the factors that are influencing the 

individual's utility. Let the utility offered by each of the two options be represented by 

Equations 4 and 5, where V Q represents the observable component of utility, Y is the 

individual's income, and e denotes unobservable factors which are treated as random 

variables. 

Ui = Vi(q\ Y-A) + £/ (4) 

Uo = Vo(q0, Y) + eo (5) 

The probability of a "yes" response is then given by Equation 6, which can be rearranged 

to obtain Equation 7. The model is made operational by assuming a particular 

cumulative density function for the difference in unobserved factors, {Eo-Ei}. As before, 

a logistic function is often used in empirical work. This leads to a binary logit model 

(Equation 8) where A V denotes the difference in the observed components of utility in 

Equations 4 and 5. 

Prob (yes) = Prob [{V(q, y-A) + e,} > fV(q°, y) + So}] (6) 

Prob (yes) = Prob [{eo - £,} < {V(q°, y) - V(q', y-A)}] (7) 

Prob (yes) = exp AV/(l+exp AV) (8) 
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Once coefficients for variables in the utility functions have been estimated, Hanemann, 

(1984) has shown that it is a straight-forward task to calculate mean and median 

measures of willingness to pay over the sample. 

Over the last decade there have been three Australian studies of recreational fishing that 

have used the dichotomous C V M (Table 3.2). T w o have examined the marginal value of 

King George Whiting in South Australia (Collins 1991; Burns, Damania et al. 1997), 

while the other quantified anglers' willingness to pay for increases in catch rate in the 

bays of Victoria (Blarney 1998). The two South Australian surveys were very similar in 

their design and implementation. Both intercepted boat anglers after returning from their 

day's fishing and used trip costs as means of eliciting willingness to pay for a day trip. 

Marginal values for fish were obtained "indirectly" by including catch per trip as an 

explanatory variable in the bid function and using the estimated coefficient on catch rate 

determine a value for fish. It is encouraging to note that results from the two studies are 

similar. 

Table 3.2: Summary of three Australian studies that have used dichotomous choice C V M . 

Study 

Burns, Damania 
et al. (1997) 

Collins (1991) 

Blarney (1998). 

Sample 

size 

753 

161 

600 

Pymt 
vehicle 

trip costs 

trip costs 

annual 

licence 

Willingness to pay 

( W T P ) for 'good' 

mean= 

$51.30/angler/trip 
for "whole 
experience" 

(not given) 

median.= 

$63/angler/yr for a 

2 0 % increase in CR; 

$70/yrfora40% 

increase. 

Marginal 
value of fish 

$0.72/fish 

$0.36/fish 

$4.00/fish for 

2 0 % increase; 

$4.40/fish for 
4 0 % increase. 

Average 
value of 

fish 

$13.15/fish 

(not given) 

(n/a) 

The Victorian study differed in a number of respects. Marginal values for fish were 

elicited "directly" by telephoning a randomly selected sample of anglers and asking them 

whether they would be willing to pay for an annual licence which would fund an increase 

in catch rates. As a way of testing for scope effects, half the sample was asked to value a 
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2 0 % increase, and the other half was assigned a 4 0 % increase. Contrary to what was 

expected, Blarney found that median willingness to pay for a 2 0 % improvement was not 

significantly different to a 4 0 % increase (Table 3.2). H e suggests that respondents 

probably perceived both scenarios as being symbolic of "better management" and did not 

pay too much attention to the magnitude of increase. 

The dichotomous CVM has both advantages and disadvantages relative to the open-

ended method. The greatest strengths of the dichotomous format are its market-like 

setting, which places fewer mental demands on the respondent and makes it possible to 

administer as a mail survey. However, willingness to pay must be inferred and the 

resulting estimates are known to be sensitive to assumptions about the specific utility 

function, distribution of the error term, and associated functional form of the estimated 

logit equation (Loomis 1988). Also, empirical work has shown that the dichotomous 

choice method is subject to many of the biases that characterise traditional C V M 

techniques (Morrison, Blarney et al. 1996). 

3.2.4 Revealed Preference Random Utility Models 

The previous section explained how random utility theory can be used to explain 

respondents' binary choices between two alternatives in a hypothetical "market". The 

same theory can be assumed to underlie the pattern of visits that people make to multiple 

sites that have different access prices and quality. As the name implies, the revealed 

preference random utility model uses individuals' actual trip choices to estimate the 

model. Unlike the travel cost method, which describes an individual's continuous 

demand for trips over an extended period of time, the random utility model explains an 

individual's discrete choice of recreation site from a finite set of alternatives every time a 

trip is made. 

The main strength of the random utility model (RUM) is its ability to explicitly model an 

individual's choice among three or more alternatives which have differing levels of 

attributes. Hence, it is much better than the T C M at accounting for the influence that 

substitutes and quality have on an angler's welfare (Bockstael, McConnell et al. 1991). It 

readily provides values for fishing at specific sites within a region and can be used to 
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examine the economic impact of localised changes in quality. The R U M does have a 

major shortcoming though. Being a discrete model, it is not able to explain easily an 

individual's demand for trips over the course of a season or year. Decisions are assumed 

to be made on a trip-by-trip basis and independent of one another. 

Consequently, welfare estimates from the RUM are expressed in "per trip" units instead 

of dollars per year. This contrasts with the T C M which assumes that anglers choose the 

number of trips which will maximise their utility over and an extended period of time. 

The discrete nature of the R U M makes it difficult to aggregate trip benefits and to 

predict adjustments in trip frequency following a change in fishing conditions. These 

issues are discussed at further length in Chapter 5. 

To illustrate how the RUM functions, consider the situation where an individual has the 

option of choosing one site from a possible set of J sites on a particular trip. The 

individual is assumed to choose site j if his/her utility from fishing at sitey exceeds that of 

any other site, i. Because utility is stochastic to the researcher, it is only possible to 

predict an individual's choice of sitej up to the level of a probability. This is given by: 

Prj=Pr[{vj(qj,Y-pj) + £j}> WMiJ-Pi) + £;}] V;*i (9) 

where v/J is the observable component of utility for sitej, qj is a vector of quality 

attributes of sitej, Y is the individual's per-period income4, and pj is the individual's cost 

of a return visit to site/ 

The R U M is made operational by adopting a particular cumulative density function for 

the unobserved component of utility, e. If the e's are independently and identically 

distributed with a extreme value type I (Weibull) distribution, then the individual's 

probability of choosing site; is given by a multinomial logit model (McFadden 1974): 

4 If (Y-p) enters the utility function in a linear manner, income cancels out upon estimation because 

income is constant across all alternatives for a given individual. The absolute value of the price 

coefficient then becomes the implicit coefficient for income as well. 
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exp(v.) 
Pi) = j J (10) 

texp(v,-) 
1=1 

Parameters of the utility function are estimated by Maximum Likelihood. Having 

obtained estimates for the parameters, it is possible to calculate compensating surplus 

measures of welfare from the model. Compensating surplus (CS) is defined as the 

amount of money required to make an individual indifferent between an initial situation 

and a new situation after the quantity or quality of a good has changed. The following 

expression shows the C S for an improvement in quality at sitej from q to q : 

E[v*(Y-Pj-CS,q
lj))=E[v*(Y-pj,q°j)] (11) 

where v*(.) is the maximum of v( Y - p j, q j) for all j. 

Expected values of maximum utility are used because it is not possible to know whether 

any one individual will visit the site in question. Therefore, gains accruing to an 

individual from improved quality are weighted by the probability that he/she will visit the 

site. Formulas for calculating per trip C S have been developed by Hanemann (1984) and 

Small and Rosen (1981). In order to make the calculations tractable, they assume that 

the marginal utility of income is constant and equal to the absolute value of the trip cost 

coefficient. For the multinomial logit model, the formula for an improvement in quality 

at sitej is: 

CSJ -) 

J J 

Ini^cxvVjiY-pj^jV-lni^exvVjiY-pj^0;)} 

. 7=1 7=1 (12) 

1 1 0 
= — (IV • -IV- ) 
/T 7 VJ ) 

where; 

J = the total number of alternatives in the choice set, 

(3 = the absolute value of the price coefficient in the utility function, 
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IVj = the inclusive value. This is a measure of the expected maximum utility from the 

set of J alternatives. The superscripts 0 and 1 denote initial and final levels of 

quality respectively. 

The RUM can also be used to derive access values for the whole set of J sites (Equation 

13) or for an individual site (Equation 14). The benefit derived by individuals from a 

particular sitej* is equal to the change in consumer surplus resulting from the elimination 

of that alternative from the choice set. Put another way, it is the amount of money that 

would need to be paid to anglers after the removal of an alternative in order to maintain 

their utility at the same level prior to their loss in access. The formula for calculating the 

"per trip" value of site j-1 is given by Equation 14. 

CSJ=J\* 

J 
£expVy 
7=1 -i"' (13) 

C5J=l="g 

J J 
ln(XexpV;)-ln( XexpVj) 

7=1 7=2 

-{IVj-IVj-i) (14) 

A variety of methods have been used to obtain data for estimating the RUM. The usual 

method is to conduct a mail or telephone survey and ask respondents to list details of 

their fishing trips retrospectively over a given length of time, say a season. Others 

studies are more rigorous and have issued anglers with trip logs requiring anglers to 

make records progressively (Jones & Stokes Associates 1991). At the other extreme 

some researchers personally interview anglers at their fishing site, which produces a 

choice-based sample. The R U M is then estimated with a data set that contains only one 

trip per respondent (eg. Lin, Adams et al. 1996). 

Since the random utility model was first applied to recreation in the late 1980's, it has 

become a popular technique for quantifying economic benefits from recreational fishing. 

During the course of researching this thesis, approximately 30 studies of recreational 

fishing were located that used a random utility model. A sub-set of these is summarised 

in Table 3.3. Most originate from the United States and to date the R U M has not been 
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applied in Australia. O n e reason for the technique's popularity is its ability to examine a 

range of dimensions of the fishing experience within a utility-theoretic framework. 

Dimensions that have been modelled include the angler's choice of target species, m o d e 

of fishing, length of trip, and participation (Table 3.3). 

Table 3.3: A selection of studies that have analysed recreational fishing with a revealed preference 

random utility model 

Study 

Berman, Haley et al. 
(1997) 

Bockstael, 

McConnell et al. 
(1989) 

Greene, Moss et al. 
(1997) 

Jones & Stokes 

Associates (1991) 

Kaoru (1995) 

Kling and Thompson 
(1996) 

Lin, Adams et al. 
(1996) 

McConnell and 
Strand (1994) 

Milon (1988) 

Montgomery and 
Needelman (1997) 

Morey, Rowe et al. 
(1993) 

Shaw and Ozog 
(1997) 

Policy issues examined 

Allocation of sockeye salmon between 
recreational and commercial fishers in Alaska. 

Value of marine sport-fishing in Florida 

Access values for fishing in Tampa Bay, Florida. 

Value of sport-fishing in south east Alaska 

Benefits of water quality improvements for 
marine fishing in North Carolina 

Value of recreational fishing in Southern 
California 

Allocation of salmon between native Americans 
and recreational fishers, Oregon. 

Value of sport fishing in the mid and south 
Atlantic. 

The value of artificial reefs to recreational 
anglers, south east Florida. 

Cost of toxic contamination in freshwater fish, 
N e w York 

Value of Atlantic salmon to anglers on the 
Penobscot River, N e w England 

Value of atlantic salmon to anglers fishing in 
Maine and Canada 

Choices modelled 

participation, sites 

site, mode, target 

species 

participation, sites 

participation, target 

species, site 

site, region, trip length 

mode, site 

si.es 

mode, target species, 

site 

near-shore or offshore, 
habitat, site 

participation, sites, 

.. . . 
participation, sites 

participation, sites, 

overnight or day trip 

Another appealing feature of the R U M is its strong behavioural base. This makes it 

possible to predict h o w individuals are likely to reallocate their fishing effort across sites 

and species following a change in management that affects the price of access, the level 

of fishing quality, or availability of a site. For instance, one insight that has been gained 

from random utility modelling is that a proportional increase in catch rate across all sites 

does not necessarily lead to the same visitation pattern. This is because other attributes 
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of the site, in combination with extra fish, lead to some sites becoming more attractive 

than others (Coyne and Adamowicz 1992). This is precisely the type of information that 

is needed by managers for designing effective policies for conserving fish stocks. 

Kling (1986) has showed that the RUM is the preferred technique to use in situations 

where anglers are observed to shift their choice of fishing location frequently in response 

to changing conditions. She conducted a simulation experiment to examine the degree to 

which continuous and discrete choice models were able to produce benefit estimates that 

matched known "true surpluses". In circumstances where substitutes were available, the 

travel cost method performed poorly and consistently over-estimated the welfare impacts 

of quality changes. The discrete choice model yielded estimates that were much closer 

to the true values. 

The RUM also has some disadvantages. Firstly, it is statistically more complex than the 

T C M . Benefit estimates rely heavily upon the distribution adopted for the error terms 

and other specification assumptions. Secondly, it requires information about attribute 

levels at all sites in an individual's choice set, which is often costly to obtain. Thirdly, it 

is difficult to incorporate an individual's demand for trips into the discrete choice 

framework without making some unrealistic assumptions about the regularity of anglers 

"choice occasions". Also, the R U M forces decisions to be independent from one trip to 

the next, thereby eliminating dynamic processes which are likely to affect behaviour, such 

as learning and habit formation. Each of these topics are discussed at further length in 

Chapter 5. 

3.2.5 Choice Modelling 

Choice modelling is one of the most recent additions to the family of valuation methods. 

While the method has been used for some time by geographers to model recreation 

behaviour, it has only recently been used by economists to obtain monetary values for 

recreation (Louviere and Timmermans 1990). Choice modelling is a stated preference 
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technique that has random utility theory at its core.5 Respondents are asked a set of 

"contingent behaviour" questions which require them to choose one alternative from 

three or more options. A standard format is to present individuals with two options, say 

recreation sites, that are described by a bundle of attributes. They are also given the 

option of choosing neither site. A n example of this approach is given in Table 3.4. The 

question that appears in the table was used by Mathews, Desvousges et al. (1997) to 

value fishing in Lavaca Bay, Texas. 

Table 3.4: A n example of one set of hypothetical alternatives that were presented to respondents 

in the Lavaca Bay fishing study. Respondents were asked to choose one option from the three 

alternatives. (Reproduced from Mathews, Desvousges et al. (1997)). 

Type of fishing 

Additional distance to 
fishing or launch site 

Catch rate 

Surroundings 

Congestion 

Facilities at site 

Fish consumption 
advisory 

Site A 

Boat 

30 miles from your 

closest saltwater 

fishing site 

3 red drum 

View of industrial 
plants 

Some people or boats 
in sight 

Good parking 

Fish should not be 

eaten 

SiteB 

Pier 

15 miles from your 
closest saltwater 

fishing site 

10 spotted sea trout 

N o view of industrial 
plants 

Some people or boats 
in sight 

Limited parking 

N o advisory (fish can 
be eaten) 

Neither 

Neither site A nor 

site B 

I would go 
saltwater fishing 

at another site 

Each respondent completes a series of these choice questions (typically eight), over 

which the attribute levels are systematically changed. The researcher defines the levels of 

attributes according to a statistical design which eliminates colinearity among the 

attributes. This offers the advantage of being able to estimate parameters for attributes 

Choice modelling is a specific variety of conjoint analysis. However, traditional variants of conjoint 

analysis ask respondents to rate or rank sets of attribute profiles and are not based on random utility 

theory. Conjoint analysis has rarely been applied to recreation (Louviere and Timmermans 1990). 
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that cannot otherwise be identified using a revealed preference R U M (Louviere and 

Timmermans 1990). 

The choices made by respondents in a stated preference experiment are assumed to be 

governed by the same theory as that used to explain actual choices of recreation sites in a 

revealed preference R U M . In fact, it is now becoming standard practice to design the 

choice modelling survey so that stated preference and revealed preference data can be 

combined to jointly estimate a R U M . This involves selecting attributes for the choice 

experiment that match those that are found at recreation sites. Adamowicz, Louviere et 

al. (1994) adopted this approach, and showed that the preference structure underlying 

people's contingent behaviour and their actual choices are indeed very similar. This 

finding lends support to the validity of recreation values obtained from choice modelling. 

In settings where recreationists have numerous sites to choose from, the values produced 

by choice modelling for site-specific improvements in quality have been found to be 

much lower than those estimated by the dichotomous C V M . This finding comes from a 

study by Boxall, Adamowicz et al. (1996) who applied each of the techniques to the 

same study area. Their results imply that people tend not to consider possible substitutes 

when answering dichotomous C V questions. Hence, the impacts of changing quality are 

lower when substitutes are made explicit in a choice experiment. 

Choice modelling is only just beginning to be applied to recreational fishing. The study 

by Adamowicz, Louviere et at. (1994) examined the value of recreational activities 

associated with inland water bodies, of which angling was one activity. But the study by 

Mathews, Desvousges et al. (1997) appears to be the first application of choice 

modelling that is dedicated to recreational fishing. They used a bundle of seven 

attributes to describe each hypothetical site, many of which were qualitative (Table 3.4). 

Travel distance was used as a proxy for price and catch rate was embedded as one factor 

in an array of attributes. The marginal value for increasing catch must therefore be 

obtained "indirectly" by assessing the extent to which catching fish contributes to overall 

utility. Most of the attributes in Table 3.4 were found to be highly significant factors in 

influencing anglers' choices. 
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Choice modelling appears to be a promising new way of eliciting non-market values. 

Being a discrete choice method, it shares many of the advantages that are possessed by 

revealed preference R U M models. For instance, it takes explicit account of substitutes 

and assumes utility to be a function of site attributes. Other strengths and limitations of 

the technique are summarised by Table 3.5. Choice modelling is currently being used in 

Australia to value a range of environmental goods with the intention of refining and 

validating the technique (Morrison, Blarney et al. 1996). 

Table 3.5: A summary of some of the strengths and weaknesses that characterise choice modelling 

and set it apart from the revealed preference random utility model. 

Strengths 

• can value changes in quality or new projects 

that are outside the bounds of what currently 
exists in the fishery. 

• good for valuing congestion and site 

amenities which are difficult to measure using 
revealed preference techniques. It overcomes 
the problem of defining sites in the field and 

removes the complications of multi-
destination, multi-purpose trips. 

• standardises the number of alternatives 
available to individuals and the attributes 
associated with each alternative. This reduces 
colinearity and often results in a statistically 

more robust model of angler preferences (see 
Adamowicz, Louviere et al. 1994). 

Weaknesses 

• payment vehicle is de-emphasised in the 

choice experiment. Respondent may use a 

simple heuristic to make his choices instead 

of recognising the trade offs being presented. 

• extensive focus group work is needed to 

identify attributes, their levels, and important 

interactions between the attributes. 

• repeated questioning might become 

burdensome for some respondents. 

3.3 Conclusion 

A n array of techniques have been developed to value recreation. The travel cost method 

is the longest standing technique and has gained wide appeal among researchers because 

it is founded on neocassical economic theory. Compared to contingent valuation and 

discrete choice methods, it closely resembles the standard paradigm of market 

commodities. However, the travel cost model is not well equipped to handle substitutes 

or incorporate quality effects. A host of other econometric difficulties are also 

associated with this technique. 
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Stated preference methods emerged partly out of a desire to overcome the weaknesses 

inherent in the travel cost method. First, the open-ended and bidding games were 

developed, soon to be followed by dichotomous choice methods. These techniques offer 

the advantage of being able to directly elicit angler's willingness to pay for improvements 

in fishing conditions as opposed to inferring values from revealed preference data. While 

the C V M is frequently criticised because of its hypothetical nature, Carson, Flores et al. 

(1995) has shown that where travel cost and contingent valuation techniques have been 

used concurrently to value the same good, welfare estimates are highly correlated6. This 

analysis suggests that stated preference techniques are capable of producing valid benefit 

estimates. 

Researchers have recently shifted their attention towards sophisticated discrete choice 

methods as a means of modelling individual's behaviour and demand for recreation. 

These methods, namely random utility and choice modelling, have proven to be an 

effective way of accounting for the presence of substitutes and valuing improvements in 

quality at specific locations. However, welfare estimates generated by these model are 

expressed on a "per trip" basis, and provide little insight into h o w anglers might alter 

their level of fishing activity over the course of a season. For this reason, analysts are 

presently investigating a variety of ways to explain the participation decision. 

A new avenue of research has begun to flow from applications of random utility theory 

to recreation problems. Analysts are now starting to combine actual trip data with stated 

preference data, and utilising this joint data-set to estimate a single model of site choice. 

This work could provide a neat way of checking whether contingent behaviour is indeed 

parallel to actual preferences and trade offs that are observed in the field. 

In conducting this review it became obvious that none of the models are "perfect" at 

eliciting values for recreational fishing, in particular marginal values for fish. All appear 

to have their o w n set of deficiencies. Perhaps the best strategy for approximating the 

6 Carson, Flores et al. (1995) based their analysis on 161 joint comparisons. 
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magnitude of benefits is to use two or more different valuation techniques in tandem, and 

compare their outcomes. This is the approach taken in this thesis. 
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CHAPTER 4: A BENEFIT-COST STUDY OF ALLOCATION: The 

West Australian Salmon and Herring Fisheries 

4.1 Introduction 

This chapter documents the first of two empirical studies that were undertaken to 

examine the economic value of recreational fishing in south Western Australia. In this 

first study, the travel cost and contingent valuation methods are used to estimate 

marginal values for West Australian Salmon and Australian Herring. These two species 

of fish are popular among recreational anglers and are also harvested by commercial 

fishers. In recent years there has been growing conflict between amateur and commercial 

fishers over their share of access to these fish stocks. Hence, the main purpose of this 

study was to assess the suitability of the travel cost and contingent valuation methods at 

providing managers with recreational values upon which to base allocation policy. 

The study builds on a strong foundation of knowledge about the catch and effort of each 

user group. Statistics for the commercial fisheries have been routinely collected since the 

1960's, while the recreational sector was the focus of an extensive "creel" survey 

conducted by the state fisheries agency during 1994 to 961. A sub-sample of anglers 

w h o took part in the creel survey were selected for inclusion in the economic study that 

is documented in this chapter. 

4.1.1 The Study Area and Policy Issues 

In Western Australia, salmon and herring are caught by commercial and recreational 

fishers off beaches along the south and lower west coasts as they migrate on their 

spawning run from eastern Australia (Figure 4.0). Herring and salmon are closely related 

and share a similar life history and habits2. The peak fishing season occurs during the 

1 A creel survey involves interviewing anglers at their fishing location. The sampling effort at each 

location and day/time are predetermined by the researcher to ensure a representative sample. 

2 West Australian salmon is the common name for a species of fish known as Arripis truttaceus, which 

belongs to the perch family. It bears no genetic relationship to the true salmons of the Salmonidae 

family. 



summer and autumn months and usually lasts about 12 weeks, although herring are less 

seasonal because, unlike salmon, they do not return to eastern Australia after spawning. 

The stocks of both fish are thought to be fully exploited3. The salmon stock is 

considered to be in good condition, but there is some doubt about the health of herring 

stock due to a significant increase in recreational and commercial effort over the last 15 

years (Lenanton 1994). The state fisheries agency is actively encouraging commercial 

operators to retire their licences by offering them a voluntary buy-back scheme. T o date 

this has had only limited success at removing effort from the fishery. 

Figure 4.0: Location of the West Australian salmon and herring fisheries. 

South west commercial 
fishery 

Cape Leeuwin 

120km 
South coast commercial 

fishery 

Both salmon and herring are important recreational species. Salmon is a "prize" sport 

fish because it is relatively difficult to catch and puts up a good fight. Anglers travel 

hundreds of kilometres to beaches south of Perth for the experience of landing one or 

two of these fish. Herring is a much more c o m m o n fish but, nevertheless, is good eating 

and it tends to form the "backbone" of recreational fishing in southern Western Australia. 

Recreational fishers claim that their catches of salmon and herring are being affected by 

the activities of commercial operators in the south who intercept schools as they move 

northward to the main population of anglers w h o reside in Perth. However, there is no 
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firm scientific evidence that commercial harvests are adversely impacting on recreational 

catch rates. It is suspected that the Leeuwin Current is responsible for a large proportion 

of the year-to-year variation in stock levels and this makes it difficult to draw 

conclusions about the effects of commercial fishing (Lenanton, Joll et al. 1991). 

There is strong sentiment among recreational anglers that commercial fishing should 

cease, particularly the netting of herring. Anglers are not only disgruntled by the impact 

that they perceive commercial netting is having on their catch rates, but are also 

philosophically opposed to the way fish are being sold into low-value markets. The 

strength of the recreational sector's conviction to reduce commercial harvesting was 

recently demonstrated by the Western Australian Recreational Fishing Advisory 

Committee's proposal to buy back several commercial salmon licences. A variety of 

other management options have also been proposed by the recreational sector to increase 

its share of the resource. These include zoning, prohibiting the transfer of commercial 

licences, and placing quotas on commercial catch. 

4.1.2 The Commercial Fisheries 

The commercial fisheries are relatively small, producing between 2000 tonnes of salmon 

and 900 tonnes of herring annually (Figure 4.1). The total number of operators is limited 

to 34 licensed fishermen, providing employment for approximately 125 people4. The 

sector also involves eleven local processing firms w h o carry out first stage processing of 

the catch. Salmon is canned for human consumption and pet food, while the majority of 

herring is used as bait in the West Australian Rock Lobster Fishery. A small proportion 

of salmon is sold into this market too. 

Commercial operators are licensed to fish at one or two assigned beaches, for which they 

have exclusive use over the duration of the season. Season lengths are regulated for the 

3 Fisheries Department of Western Australia Annual Report 1994/95. 

4 Western Australian Fisheries Department, 1992/93 Annual Report. Of the 34 licencees, only 26 are 

active. 
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south and west coast fisheries and operators are prohibited to harvest at any other time. 

Restrictions also apply to gear and fishing method. All harvesting must be conducted 

within 800 metres of the shoreline and only seine or trap nets are allowed. Aggregate 

catch quotas were applied to salmon in the early 1990's but these have since been 

abandoned. Only input controls remain in force today. 

Figure 4.1: Commercial catch of salmon and herring over the last 30 years. (Source: Australian 

Bureau of Statistics catalogue 7601.5 and Australian Bureau of Agricultural and Resource 

Economics Fishery Statistics Report). 
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Owing to the seasonal nature of salmon and herring fishing, most people engaged in 

these fisheries have other occupations or hold licences for other fisheries. S o m e 

licensees have been operating since the mid 1940's and a strong sense of property has 

developed for their assigned beach(s). For many, fishing is regarded as a way of life 

rather than a business. 

4.1.3 The Recreational Fishery 

The recreational sector in Western Australia is estimated to constitute approximately 

500,000 active anglers who, on average, go fishing 19 days per year5. Over two thirds of 

these people are thought to fish in the south west region of the state. If these estimates 

are accurate, then the total effort in the fishery amounts to over 6 million angler days. It 

5 Reark Research (1997). 
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is also believed that a great deal of this effort is focussed on salmon and herring. A 

random survey of anglers in 1987 found that 7 0 % of respondents fish from the shore. 

Furthermore, 1 2 % target salmon and 4 0 % fish for herring6. Clearly, the recreational 

sector is a significant stake-holder in these fisheries. 

A creel survey conducted by the West Australian Fisheries Department in 1994 estimated 

the total recreational catch of salmon and herring to be 158 and 247 tonnes respectively. 

The recreational catch of salmon is small relative to commercial harvest, comprising only 

7 % of total catch. For herring the recreational proportion is much larger, being in the 

order of 2 0 % (Figure 4.2). Anglers do not require a licence to participate in either 

fishery. However, daily bag limits are enforced together with restrictions on gear and 

size. 

Figure 4.2: Estimated share of the 1994 total catch between the commercial and recreational 

sectors. Recreational estimates from (Ayvazian, Lenanton et al. 1997). 
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4.1.4 Study Objectives 

The primary objective of the study was to compare the economic surpluses generated by 

salmon and herring in each of two uses: Commercial and recreational fishing. It was 

anticipated that if the marginal value for salmon and herring in each sector could be 

quantified, then this information could be used to judge whether the recreational sector's 

call for greater access to fish stocks is economically justified. 

6 Australian Bureau of Statistics Australian Bureau of Statistics (1989). 
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The study did not seek to determine the optimal allocation of fish between sectors 

because there was insufficient information available to estimate demand and supply 

functions for the commercial sector. Also, only values attributable to the harvesters of 

the resource were quantified. Surpluses in related markets were ignored. 

A related objective was to critically evaluate two techniques which are commonly used 

for estimating non-market values. The travel cost and contingent valuation methods 

have been used widely to value recreational fishing in the past with mixed results (see 

Chapter 3). There is still debate in the literature about their adequacy for eliciting 

marginal values for fish. This study therefore set out to investigate whether they are 

indeed useful tools for identifying the preferences held by anglers. 

4.2 Methodology 

4.2.1 Recreational Values 

To achieve the study's objectives, a method was needed for valuing salmon and herring 

catch as distinct from the whole recreational experience. The travel cost method was 

considered, but previous studies have shown that colinearity between quality variables is 

frequently encountered (see Chapter 3). Multicolinearity makes it impossible to identify 

the partial influences that salmon and herring catch have on the demand for fishing. 

Consequently, contingent valuation was chosen as the primary method for estimating 

marginal values of each fish type. A n individual travel cost model was employed to 

provide supplementary estimates of access values against which to check the validity of 

the contingent valuation estimates. 

An open-ended question format was adopted for the contingent valuation study. While 

this format has generally fallen out of favour among researchers, recreational fishing is 

different to many other non-market goods that have typically been valued in the 

literature. Anglers are very familiar with their pastime and are accustomed to outlaying 

money to go fishing. Furthermore, they are likely to have well defined preferences for 

different types of fish. For these reasons, it was thought that the open-ended format 

should be satisfactorily. 
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Both direct and indirect methods were used to obtain marginal values for fish from the 

contingent valuation survey. The direct method involved asking anglers what they would 

be willing to pay for their "preferred" catch of salmon and herring. The marginal value 

of fish was calculated by dividing the respondent's bid for more fish by the net increase in 

salmon/herring desired by the respondent (over and above his/her actual catch). The 

indirect method derived marginal values from a model of total willingness to pay for a 

day of fishing in which the catch rates of salmon and herring were included as regressors. 

Survey Instrument 

Information for the contingent valuation and travel cost models was collected by 

personally interviewing anglers shortly after they had returned from a fishing trip within 

the study area7. The survey was designed with the help of a focus group comprising club 

anglers and pre-tested by interviewing anglers on the beach. A complete copy of the 

final questionnaire is contained in Appendix A. 

Willingness to pay for a day of fishing, net of expenses, was elicited using trip costs as a 

payment vehicle. This form of payment vehicle was chosen because the focus group 

indicated that anglers would be strongly opposed to any payment vehicle which required 

them to pay directly for their fishing past-time. Therefore, in an effort to reduce protest 

bids, respondents were asked to value their trips via hypothetical increases in costs. 

While this type of payment vehicle helps to avoid protest responses, it is acknowledged 

that respondents may fail to recognise that the survey is asking them to value their fishing 

trips. This shortcoming was accepted as an unfortunate, but necessary, trade-off for 

minimising protest bids. 

After establishing how much the respondent spent on a specific trip, and reminding them 

about their budget constraint, the following contingent valuation questions were asked: 

1. Recall that on your trip you spent $X on fishing related expenses. Based on your 

enjoyment from the fishing trip, do you think that this trip was worth the expense? 

7 The study area extended from Perth to Esperance (see Figure 4.0). 



2. If yes, suppose, for whatever reason, that it becomes more expensive to go fishing. 

Based on your enjoyment from this trip, would you still have taken the trip if costs 

had been higher? 

3. If yes, how much could costs rise to before you decide that your fishing experience on 

this trip was not worth the expense? 

For those respondents w h o gave a non-zero bid, a further three questions were posited 

to elicit the value of salmon and herring at the margin: 

1. Would you have preferred to catch some (more) salmon/herring? 

2. If yes, how many in a day would have satisfied you? 

3. If you had been fortunate enough to catch this number of salmon/herring, would this 

have increased the value of the trip above the amount stated previously? If so, by 

how much? 

If people responded to question 3 by giving a qualitative answer (e.g. "a lot") rather than 

a dollar amount, they were asked to express their answer in monetary terms. If they 

declined to do this, they were assigned a "do not know" response. 

Sampling Frame and Administration 

A sample of boat and shore anglers was drawn from approximately 600 people who had 

agreed to participate in a follow up "economic" survey at the time they were intercepted 

by a creel survey that had been conducted in 1994 (Ayvazian, Lenanton et al. 1997). 

The creel survey interviewed anglers at 14 regions within the study area. A sub-sample 

was obtained from this data base by retaining only those people who resided in the Perth 

metropolitan area and seven major coastal towns within the study area. 

In order to ensure that the sample contained a representative number of anglers who had 

been intercepted in each region, a further random selection of 200 anglers was made 

from the sub-sample. The number of anglers selected from each region was proportional 

to the total effort (angler days) expended in each region. N o attempt was made to select 

anglers w h o were specifically targeting salmon and/or herring. However, the creel 
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survey was undertaken during the height of the salmon and herring season so one could 

expect that a reasonably large proportion of the sample were seeking these species. 

Of the 200 anglers who were selected for this study, only 114 were actually interviewed. 

The remainder were either unable to be contacted or were not available for an interview 

at the times offered. All interviews were conducted at the respondent's place of 

residence or workplace during February to May, 1995. A total of 97 useable (complete) 

questionnaires were obtained from these interviews. 

4.2.2 Commercial Values 

Demand and supply functions were not estimated for the commercial fisheries because 

there were insufficient data on which to base the analysis. Demand was thought to be 

perfectly elastic as many other species of fish can be substituted for salmon and herring in 

their end products of pet food, bait and canned fish for human consumption. A n elastic 

demand curve implies that the economic surplus accruing to fish consumers is negligible, 

so no attempt was made to quantify this. O n the supply side, there was little information 

available about the biological relationships between catch and effort, so it was not 

possible to estimate parameters of the marginal cost function. 

Instead, producer surplus was approximated by subtracting annual operating costs, 

overheads, and capital costs from the annual gross receipts of fishermen. N o doubt, this 

approximation over-estimates producer surplus because it does not account for the 

opportunity cost of capital. Nevertheless, it provided a means of gauging the size of 

economic surplus. 

Data on the cost structure of commercial salmon and herring fishermen were obtained 

from a report by McLeod and McGinley (1994) who surveyed seven operators during 

1992. As the majority of salmon fishermen also fish for herring, the costs and incomes of 

both operations were analysed jointly. Price information was sourced from the 

Australian Bureau of Agricultural and Resource Economics who publishes an annual 

compilation of fishery statistics. 
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The economic value of processing operations was not quantified. However, producer 

surplus in the processing industry is unlikely to be greatly affected by a change in the 

supply of salmon and herring because there are many substitutes for these fish types. 

4.3 Results and Discussion 

4.3.1 Recreational Survey 

Some of the characteristics of the sample of anglers selected for this survey are 

summarised in Table 4.0. Country and metropolitan residents were represented in 

approximately equal proportions but owing to the sampling procedure, the sample 

contained a larger number of anglers who were intercepted at country sites. 

Approximately 3 0 % of the sample were specifically targeting salmon, while a similar 

proportion were targeting herring. Only 1 0 % were fishing for both salmon and herring. 

Expenditures made by anglers in the pursuit of fishing provide a measure of the minimum 

"value" that they place on their pastime. It was found that, on average, anglers each 

spent $21 per day or, alternatively, $902 per year. These estimates are similar to those 

reported by Lindner and McLeod (1991) who conducted an input-output study of 

recreational fishing in Western Australia. 

Table 4.0: Characteristics of the sample of anglers selected for this study. 

Demographics and 

fishing location 

country residents 

metro, residents 

country fishing site 

metro, fishing site 

%of 
sample 

57% 

43% 

81% 

19% 

Target Species 

Salmon 

Herring 

Salmon & Herring 

Other fish 

%of 
sample 

29% 

32% 

10% 

30% 

Fishing 

expenditure 

daily 

annual 

mean $ 

$21 

$902 

Analysis of Willingness to Pay Bids 

The flow chart below (Figure 4.3) shows how respondents answered the contingent 

valuation section of the questionnaire. Of the sample of 97 recreational anglers, 1 3 % 
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were unable to give a dollar value for their fishing experience and were subsequently 

removed from the sample. Nearly the same proportion of people (10%) gave a zero bid. 

Unfortunately the survey instrument was unable to determine with certainty which bids 

constituted a protest and which bids were "true" zeros. The presence of substitute sites 

appeared to be a major cause of zero bids as many respondents said that they would visit 

a site closer to h o m e if trip costs were to rise. The number of zero bids is not alarming; 

other studies of recreational fishing have reported a similar proportion of zeros (Sorg 

and Loomis 1986; Connelly and Brown 1991). All zero bids were retained in the sample, 

such that mean willingness to pay was calculated from a sample of 84 anglers. 

Figure 4.3: Flow chart showing how respondents answered the willingness to pay questions that 

related to the whole fishing experience and those that elicited preferences for a greater catch of 

herring and salmon. 
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Before analysing the data, all bids for trips that lasted more than a day were converted to 

daily values, thereby standardising the unit of measurement. Respondents were willing 

to pay, on average, $27 per day of fishing over and above their mean expenditure of $21 

per day. This surplus must be treated with caution because there is a great deal of 
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variation about the mean bid (standard error of $49). The bid distribution was skewed 

towards zero, with approximately 8 5 % of respondents bidding $45 or less for a day of 

fishing. Because several high bids lifted the mean it is more informative to use the 

median as a measure of economic surplus, which was $15/day. The median surplus 

approximately equalled the sample's median daily expenditure of $14.50/day. 

Respondents who gave a non-zero bid for their fishing trip were questioned at further 

length about their preferences for more (some) salmon and herring. It was found that 

that 7 0 % of respondents desired better success with salmon while 4 7 % wanted a higher 

catch rate of herring. These results agree with expectations; salmon is a more sought 

after fish than herring and fewer anglers are satisfied with their current catch rates of 

salmon relative to herring. Those respondents w h o indicated a preference for more fish 

were then asked to state how many extra fish of each species they desired. Again, the 

differences between salmon and herring were obvious; salmon were sought after in small 

quantities, reflecting their status as a prize fish, while preferred catches of herring were 

more liberal. Most people were content with only one or two salmon per day 

(median=l), while the preferred median number of herring was 12. 

Of the 51 respondents who said they would have preferred to catch more (some) 

salmon, only 16 were prepared to pay more than their initial bid. Including zero and 

non-zero bids, the mean marginal value of salmon was calculated to be $4.50/fish and the 

median was zero. This is not a very reliable measure of salmon's value because, owing 

to the small sample size, it has a high standard error ($12.00). In the case of herring, 

only one respondent was willing to pay for his preferred number of fish out of a total of 

35 who said they would have liked to catch more (some) herring. 

It was surprising to witness so few respondents willing to pay more for their preferred 

catch. A possible explanation is that the payment vehicle, trip costs, induced respondents 

to make an ex ante valuation rather than an ex post assessment of their fishing trip. By 

default, anglers commit expenditure to a trip before they know what conditions will be 

like at a site. So when respondents were asked to value their trip, they probably already 

included the possibility of catching more fish in formulating their bid. Of course, this 

was not intended. It was envisaged that respondents would base their bid on the actual 
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conditions experienced on their trip. In retrospect, this was a serious flaw of the 

contingent valuation scenario. 

Willingness to Pay Model 

It was hypothesised that an angler's willingness to pay for their trip (over and above trip 

costs) is a function of five main groups of variables: Wealth, degree of specialisation, 

catch rate, consumptive orientation, quality of experience, and trip expenses. A full 

description of these variables is given in Table 4.1. 

Table 4.1: Description of explanatory variables in the willingness to pay model. The dependent 

variable is the individual's willingness to pay for their trip ($/day) net of trip expenses. 

Variable name Description 

Wealth variables: 

I N C O M E Annual income of respondent 

E M P L O Y D u m m y variable to indicate employment status of respondent 

Catch variables: 

S A L M Respondent's mean daily catch of salmon over duration of trip. 

H E R R Respondent's mean daily catch of herring over duration of trip. 

ALLFISH Respondent's mean daily catch of all fish over duration of trip 

Specialisation variables: 

G E A R The total estimated value of all fishing gear owned by the respondent 

ACTTVrTY D u m m y variable to indicate whether fishing was the primary activity undertaken 

on the trip. 

C L U B D u m m y variable to indicate membership of a fishing club. 

Consumptive orientation: 

SATISFY A n index measuring whether or not fish catch is essential for making a fishing 
trip satisfying or enjoyable. Scale ranging from catch being incidental to 

essential. 

Quality of experience (other than catch): 

HRSFISH The average number of hours fished at the site per day of the trip. 

W E A T H E R Respondent's recollection of the suitability of weather and sea conditions for 

fishing on a scale ranging from poor to excellent. 

C O N G E S T Number of other people on the beach (obtained from creel survey). 

P R O B S A n index derived from a summation of 5 responses, each of which measured the 
extent to which the respondent perceived there to be a problem at the fishing site. 

The 5 problems relate to roads, facilities, pollution, crowding, commercial 

fishermen. Index ranges from no problems at all to severe problems 

Trip expense variable: 

C O S T The average amount of money spent by the respondent per day of the trip ($/day). 
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Pair-wise correlations between the variables were examined before estimating the model. 

O n the basis of this preliminary analysis, A L L F I S H and E M P L O Y were excluded from 

the model in order to avoid colinearity between H E R R and I N C O M E respectively. 

None of the catch variables were correlated with willingness to pay. 

One of the individual attributes included in the model was an index capturing the angler's 

consumptive orientation. Following work by Fedler (1986), it was thought that 

individuals w h o do not regard catching fish as essential for a satisfying trip (that is, a low 

consumptive orientation) should have a high willingness to pay. These same individuals 

gain satisfaction from a wider package of experiences than just catching fish so their 

utility from fishing should be consistently high because it is not critically dependent upon 

catch rate. O n the basis of this argument, a negative sign was expected for the variable 

SATISFY. Of course, it is debatable whether this attitudinal variable is determining 

willingness to pay, or whether it is simply another proxy for the dependent variable. 

A linear regression model with 12 explanatory variables was estimated by Ordinary Least 

Squares. This general model was labelled "Model A". The model was estimated with 82 

observations because two anglers in the original data set gave bids that exceeded $200. 

These were considered to be outliers because they far exceeded all other bids in the 

sample. Furthermore, it was suspected that the bids were not valid because the two 

respondents concerned had incomes that were below the sample average. Consequently, 

they were removed from the data set. 

Estimation results are shown in Table 4.2. An F test indicated that the regression was 

not significant and only two variables were significant; namely trip costs and 

consumptive orientation. The negative sign on SATISFY was in accordance with 

expectations, but the positive sign on C O S T was not expected. A priori, the sign on trip 

cost should be negative: Willingness to pay should be higher for less expensive trips as 
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the individual's cost of fishing "absorbs" a smaller proportion of his/her total benefit8. A 

positive sign suggests that using trips costs as a payment vehicle could have introduced 

bias by inducing respondents to simply formulate their bid as a proportional increase in 

trip costs rather than reveal their true willingness to pay. 

In order to improve the specification, non-significant site quality and specialisation 

variables were excluded to produce "Model B". A nested test of this specification 

against the general model was performed to check the validity of excluding these 

variables, which yielded a significant F statistic at 1 0 % indicating that it was acceptable 

to exclude the variables. Model B proved to be a better specification, with a significant 

F statistic for the regression, but the catch rate variables remained non-significant (Table 

4.2). Failure to attain significant catch coefficients precluded the possibility of estimating 

marginal values for fish from the regression model. A third model, "Model C", was 

specified by restricting the coefficients on the catch rate variables and income to zero. 

This model yielded an adjusted R value of 0.128, the highest of all the specifications 

examined. Although the R 2 values were disappointing, they are not unusually poor in the 

context of other contingent studies reported in the literature (see Section 3.2.2). 

The most likely reasons for the poor goodness of fit are omitted variables and problems 

with the chosen payment vehicle. With respect to the payment vehicle, it seems that 

some respondents used the trip costs as a starting point on which to base their bids, 

implying that they were not offering their true willingness to pay. Also, it is suspected 

that the payment vehicle induced individuals to value the fishing experience ex ante 

rather than ex post, which would account for w h y the angler's actual catch rate did not 

significantly influence his/her willingness to pay. 

8 A n alternative prior is equally valid (Bennett pers comm. 1999). It may be logical for C O S T to have a 

positive sign, since anglers who take more expensive trips have already indicated a higher willingness to 

pay for the experience. 
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Table 4.2: Estimates of three regression models to explain total willingness to pay. Values in 

parenthesis are t statistics. Parameters were estimated using Ordinary Least Squares. 

Variable 

INTERCEPT 

SALM 

HERR 

GEAR 

COST 

SATISFY 

WEATHER 

INCOME 

CLUB 

CONGEST 

ACTIVITY 

PROBS 

HRSFISH 

Observations 

Adjusted R 2 

F-statistic 

Model A 

16.669 (0.881) 

-0.902 (0.269) 

0.139 (0.366) 

-0.003 (0.738) 

0.269 (1.867)* 

-1.885 (1.985)** 

-0.531 (0.214) 

1.130 (0.740) 

5.201 (0.684) 

-0.225 (0.942) 

4.906 (0.486) 

-0.434 (0.236) 

2.803 (1.558) 

82 

0.046 

F(i2,69) =1-328 

Model B 

16.668 (1.445) 

-1.586 (0.506) 

-0.216 (0.062) 

0.326 (2.263)** 

-1.767 (-2.087)** 

0.694 (0.501) 

2.355 (1.473) 

82 

0.099 

F(6,75) =2.482** 

Model C 

19.840 (2.216)*' 

0.282 (2.372) ** 

-1.724 (2.087)** 

2.161 (1.528) 

82 

0.128 

F(3,78) =4.967"* 

* denotes significant at 10%, ** at 5 % and *** at 1% or less. 

Travel cost model 

A pooled site travel cost model was specified by regressing respondents' annual fishing 

trips to a particular site against their trip costs and a number of other explanatory 

variables. The sites used in this analysis corresponded to those locations at which 

respondents were initially intercepted by the creel survey. The majority of trips 

constituted day visits. Variables hypothesised to influence trip demand were: The total 

cost of a visit, socio-economic attributes of the individual, and quality attributes of the 

site. A complete description of these variables is given in Table 4.3. 

The trip cost variable was specified as the proportion of direct costs attributable to the 

fishing experience at the site (as nominated by the respondent), plus the angler's 

opportunity cost of travel time and the time spent on site. With respect to site attributes, 

it was reasoned that anglers are more likely to visit those sites with towns near by and 

those they regard as having few problems, as measured by the P R O B S index. Individual 
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characteristics included in the function were income, the individual's degree of 

specialisation (measured by G E A R , and C L U B ) and consumptive orientation, which was 

captured by the variable SATISFY. 

Table 4.3: Description of explanatory variables in the travel cost model. The dependent variable 

was the respondent's total number of trips taken to a given site over the previous 12 months. 

Variable name Description 

Price variable: 

T C T C is the individual's total costs of visiting the site ($/trip). It comprises: 

a) A proportion of the direct costs of the visit ($/trip) which are attributable to fishing, as 
recalled by the respondent. 

b) Opportunity cost of time spent travelling ($/trip) = 

[(hrs travel time)*0.33*income/2080hrs)]. Hours travel time was based on 50km/hr 
for metro residents fishing at a metro site, and 90km/hr for metro residents travelling 
to a country site or for country residents travelling to either a country or metro site. 

c) Opportunity cost of time spent on site ($/trip) = (Av. hrs per day)*(Av. No. days per 
trip)* (0.5*income/2080) 

Individual characteristics: 

E M P L O Y D u m m y variable to indicate the employment status of the respondent 

G E A R The total estimated value of all fishing gear possessed by the respondent 

SATISFY A n index measuring whether or not fish catch is essential for making a fishing trip 

satisfying or enjoyable. Scale ranging from catch being incidental to essential. 

I N C O M E Annual income of respondent 

Site attributes: 

A C T I V I T Y D u m m y variable to indicate whether fishing was the primary activity on the trip. 

C L U B D u m m y variable to indicate whether the respondent was a club member 

T O W N Distance of the respondent's chosen fishing site from a major town (km). 

P R O B S A n index derived from a summation of 5 responses, each of which measured whether or 
not the respondent perceived there to be a problem at the fishing site. The 5 problems 
relate to roads, facilities, pollution, crowding, and commercial fishing. The index ranges 

from no problems at all to severe problems. 

A correlation matrix of the variables revealed that trip frequency was inversely correlated 

to travel costs with a coefficient of -0.327, which is consistent with demand theory. A 

scatter plot of these two variables suggested the relationship is logarithmic. The 

variables E M P L O Y and I N C O M E are highly correlated with one another (0.657), so 

E M P L O Y was removed from the model in order to prevent colinearity. Further 

preliminary analysis revealed that one respondent made 150 trips per annum, which was 
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unusually large relative to rest of the sample. As such, it was treated as an outlier and 

removed. 

The first model to be specified was linear and its estimated coefficients appear in Table 

4.4 under the heading "Model A". This model had a poor fit and only trip cost was 

significant. In an effort to improve the model's performance, two other specifications 

were estimated. In Model B, trip costs were transformed to logs. This improved the 

adjusted R 2 value but a better fit was achieved by a double log specification (Model C), 

which produced an R 2 value of 0.31. 

While the double log specification produced the best statistical fit, it does not conform 

with theory because it implies infinite visits per individual at zero cost and generates 

infinite consumer surplus whenever demand is inelastic. Therefore, in order to estimate 

consumer surplus from Model C it was necessary to truncate the tails of the demand 

function. The cut-off limits chosen for the integration were $7/trip (the sample minimum 

trip cost) and $102.50/trip (the sample mean). 

Table 4.4: Estimates of the travel cost models. Parameters were estimated using Ordinary Least 

Squares. Values in parenthesis are t statistics. 

Variable 

INTERCEPT 

GEAR 

TC 

SATISFY 

INCOME 

TOWN 

PROBS 

CLUB 

ACTIVITY 

Observations 

Adjusted R2 

F-statistic 

Model A 

25.710 (1.754) * 

0.002 (0.631) 

-0.056 (2.165)** 

0.333 (0.367) 

-2.015 (1.415) 

-0.050 (0.668) 

-1.086 (0.636) 

-6.704 (0.941) 

6.296 (0.710) 

83 

0.074 

F (8.74) =1.820 

Model B 

54.802 (3.350) *** 

0.004 (1.242) 

-9.676 (3.585) *** 

0.561 (0.647) 

-0.364 (0.248) 

-0.011 (0.151) 

-1.236 (0.760) 

-8.238 (1.217) 

1.774 (0.206) 

83 

0.161 

F(8,74) = 2.969*** 

1 1 
Model C 

4.421 (4.594)*** 

0.0001 (2.637)*** 

-0.867 (5.459)*** 

0.025 (0.488) 

0.135 (1.556) 

0.006 (1.329) 

-1.38 (1.446) 

-0.686 (1.723)* 

0.529 (1.046) 

83 

0.308 

F(8,74> =5.571 

* denotes significant at 10%, ** at 5 % and *** at 1 % or less. 

Table 4.5 summarises several estimates of consumer surplus that were obtained from 

each of the valuation techniques. Note that the travel cost model yielded an estimate that 

80 



Chapter 4: A Benefit-Cost Study of Allocation 

was twice that of the median bid offered in response to the contingent valuation 

question. This disparity could partly be due to differences in the way each technique 

measures welfare changes. Recall from Chapter 3 that the travel cost model measures 

Marshallian consumer surplus which does not account for income effects, whilst the 

contingent valuation method elicits compensating variation. Hence, a priori, the travel 

cost estimate should be greater than the contingent valuation estimate. The results agree 

with this prior. 

Table 4.5: Estimates of economic surplus for recreational fishing derived from the contingent 

valuation and travel cost methods. The aggregate values assume that 6 million angler days are 

expended in the south west fishery annually. 

Source of Estimate 

Contingentvaluation method: 

Sample mean willingness to pay 

Sample median willingness to pay 

Willingness to pay regression (Model C) 

Travel cost method: 

Demand function (Model C) 

Individual ($/day) 

27.36 

15.00 

17.97 

54.60 

Aggregate ($mill/yr) 

164 

90 

108 

: 

328 

4.3.2 Commercial Values 

A break down of the typical revenue and costs of commercial salmon and herring 

fishermen is summarised in Table 4.6. Each firm earned a net profit of $24,239 during 

the 1991/92 season which equates to a whole sector profit of $630,227. These figures 

need to be interpreted cautiously because 1991/92 was a poor year for salmon and an 

above-average year for herring (in terms of price and catch). Allowing for the seasonal 

variation in prices, catch, and differing levels of efficiency among operators, it is 

expected that profits range between $10,000 to $30,000 per licence. 

The marginal net values of each fish type were more difficult to establish. These values 

were approximated by the market price of fish less the average cost of production. The 

average real prices of salmon and herring received by fishermen over the last 10 years 
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has been $583/t, and $1086/t respectively, which equates to $1.87 per salmon and $0.22 

per herring9. Based on the information in Table 4.6, the average cost of harvesting 

salmon and herring is $353/t and $339/t respectively, which is equivalent to 

$1.13/salmon and $0.07/herring10. Therefore, the net commercial benefit of harvesting 

salmon and herring was estimated to be approximately $0.74 and $0.15 per fish 

respectively. 

Table 4.6: Short run profit for commercial salmon and herring fishermen in 1991/92, based on a 

sample of 7 operators (McLeod and McGinley 1994). Values have been inflated to 1996 dollars so 

they are comparable to recreational values. Aggregate values assume the sector comprises 26 

active operators. 

1991/92 Catch: 

Salmon 

Herring 

Gross Income 

Operating Costs 

Vehicle Overheads 

Office Overheads 

Capital Costs 

Total short run costs 

Operating Profit 

Mean per active licence 

48 t 

50 t 

$58,136 

15,935 

5,936 

1,600 

10,426 

33,897 

$24,239 

Aggregate for sector 

1248 t 

1299 t 

$ U 11,542 

414,315 

154,339 

41,596 

271,066 

881,315 

$630,227 

4.4 Conclusions 

This study found that anglers derive a substantial amount of economic surplus from a day 

of fishing. The most conservative estimate was $15/day, and ranged up to $55/day. The 

welfare estimates derived from the travel cost method were of a similar order of 

magnitude to those obtained from the contingent valuation method, which confers a 

9 Assumes an average weight of 0.2kg per herring and 3.2kg per salmon. 

10 Assumes costs are split 50:50 between herring and salmon operations. 
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degree of confidence in accepting the estimates as a reasonable approximation of 

recreational value. 

However, the empirical results are not sufficiently robust to allow recommendations 

about resource allocation. The indirect method of obtaining marginal values for fish (i.e. 

via a willingness to pay model) was incapable of disentangling the values associated with 

salmon and herring from the value of the total fishing experience. The main problem 

appeared to lie with the choice of payment vehicle. Asking respondents to express their 

willingness to pay for a day of fishing via an increase in trip costs tended to bias then-

responses and directed their attention away from actual conditions that prevailed on the 

trip being valued. 

Even with the benefit of hindsight, it is difficult to conceive how the valuation question 

could be rephrased so as to elicit a respondent's true willingness to pay. A s discussed in 

Chapter 3, many of the payment vehicles that have been tried by researchers in the past 

have either evoked protest responses or been too hypothetical. Perhaps the most 

rewarding area for further research would be to experiment with firstly defining each 

individual's probability distribution of catch, then asking them to value an increase in 

their expected mean catch rate. In this way, the full range of possible catch outcomes are 

made explicit to the respondent prior to answering the payment question. 

A secondary problem was the presence of substitute sites. It was apparent that the 

contingent valuation method could not adequately handle the availability of substitutes. 

Because alternatives were not made explicit in the hypothetical scenario, it was 

impossible to ascertain what respondents were considering when they answered the 

valuation question. 

The direct method of eliciting marginal values for fish also proved to be problematic due 

to the sample being too small to calculate reliable estimates. In the case of salmon, it is 

tempting to compare the elicited recreational value of $4.50/fish alongside the 

approximate commercial value of salmon ($0.74/fish) and conclude that the direction of 

reallocation should be away from commercial use and toward recreational use. 

However, this conclusion is weak because the estimate of recreational value has a large 
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variance. In fact, the commercial value of salmon only just falls outside the 9 5 % 

confidence interval for the recreational estimate, which is $1.10 to $7.90. 

Despite the small sample size, there was evidence to suggest that anglers valued salmon 

more highly at the margin than herring. Fewer anglers were satisfied with their current 

catch rates of salmon relative to herring. Furthermore, a greater number of respondents 

were prepared to pay something for an improvement in salmon catch rates compared to 

only one respondent w h o offered to pay for an increase in herring. 

At least two lessons were learnt from this work. Firstly, the scenarios posed to 

respondents in the contingent valuation questions were not capable of eliciting valid 

estimates of anglers' marginal value for fish. Using trip costs as a payment vehicle 

seemed to be the main culprit. Future work should either avoid this form of payment 

mechanism altogether or, instead, concentrate on defining the "good" being valued more 

precisely. 

Secondly, a better framework is needed for handling substitutes. The open-ended 

version of contingent valuation does not sufficiently control for substitute goods. One 

such framework that is beginning to receive a great deal of attention in the literature is 

the random utility model. In addition to being able to explicitly accommodate 

substitution behaviour, the random utility model is capable of quantifying the economic 

impact of quantum changes in fishing conditions such as a percentage increase in catch 

rate, the closure of a site or the implementation of a user fee. From a manager's 

viewpoint, this type of information is more useful than the "per fish" values estimated in 

this chapter. In order to examine the relative merits of this modelling approach, Part C 

of this thesis applies a random utility model to recreational fishing in south Western 

Australia. 
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CHAPTER 5: RANDOM UTILITY MODELLING: Review of 

Methodological Issues 

5.1 Introduction 

Chapter 3 concluded by noting that the random utility model has established a place in 

the literature as a useful method for quantifying the values associated with recreation and 

describing the behaviour of participants. This chapter reviews a range of methodological 

issues that have emerged in the course of the technique being applied. Chapter 5 

therefore serves as a precursor to the material in the second half of the thesis which 

describes an application of the random utility model ( R U M ) to recreational fishing in 

Southern Western Australia. 

The topics that appear in the literature can be categorised into five main groups: 

• specification of attributes and the utility function, 

• choice set definition, 

• specification of the nested sequence of decisions, 

• methods for incorporating the demand for trips, 

• modelling trips of different duration, 

• allowing for dynamic choice. 

The review that follows spends time exploring each of these topics. B y way of 

introduction, some terminology needs to be defined. Attributes are the variables in an 

individual's utility function that describe characteristics of an alternative and the 

individual. They include factors such as the price of accessing a site, catch rate, 

congestion, and income. The choice set is a finite set of alternatives that are assumed to 

be available to an angler every time he/she contemplates going fishing. Choice sets can 

be individual-specific, but they are more commonly defined as being the same for all 

individuals in the sample. A variety of fishing decisions have been modelled with the 

R U M , including the choice of site, target species, mode of fishing and whether or not to 

go fishing at all on a given day. At each decision level, there are multiple alternatives. 

The total number of elements in a choice set is therefore the sum of all feasible 

combinations of alternatives across decision levels. 
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Decision levels are frequently nested in a sequence which is arbitrarily specified by the 

researcher. While decisions are modelled in a sequential fashion, the angler is assumed 

to make all decisions simultaneously. The nested structure can be thought of as 

depicting an individual's logical decision process, but the primary reason for specifying a 

nested R U M is to avoid a statistical restriction imposed by the multinomial logit model 

known as the "independence of irrelevant alternatives" (Morey 1997). This problem is 

discussed at further length in the body of this chapter. 

As highlighted in Chapter 3, one of the weaknesses of the RUM is its inability to model 

an individual's demand for trips over an extended period of time. It is good at modelling 

the allocation of trips across alternatives, but cannot explain the continuous decision of 

how many trips to take. Several different strategies have been used to overcome this 

limitation. One approach is to estimate a repeated discrete choice model. This model 

treats each week of the season as a choice occasion and explains the angler's decision to 

go fishing or not during each week of the survey period. The total number of trips taken 

over the season is then calculated by summing the number of times an individual is 

predicted to take a trip. This approach requires a record of the activities of a sample of 

anglers over time. 

A second strategy is to adopt the convention that every observed trip is a choice 

occasion. Instead of modelling trip demand within the R U M framework, a separate 

function is appended to the R U M . The two models are linked via an index variable 

which is derived from the R U M and included as a regressor in the trip function. The 

index conveys information about the expected utility that an individual could gain from 

taking a trip to the study area, which is one of the factors used by individuals to 

determine their trip frequency. 

The third way that trip demand has been incorporated is to specify a multinomial Poisson 

model. This model jointly estimates trip frequency and the allocation of trips across 

discrete alternatives. It has not received a great deal of attention in the literature, and is 

only briefly summarised in this review. 
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Towards the end of the chapter some space is devoted to reviewing a number of studies 

that have incorporated dynamics into the choice model. The standard R U M assumes 

that each trip is independent of all previous and future trips. This restriction can be 

relaxed, although it comes at the cost of making the choice model considerably more 

complicated. The potential gains from this branch of research are briefly examined. 

5.2 Specification of Attributes and Utility 

One of the first steps in formulating a random utility model is to identify (a) the decisions 

to be modelled, (b) the number of alternatives belonging to each decision and, (c) a 

c o m m o n set of attributes for inclusion in the utility functions belonging to each 

alternative. With respect to recreational fishing, a range of decisions are relevant. 

Examples include the choice of; 

• fishing site, 

• fishing mode (e.g. shore-fishing or boat fishing), 

• type of fish to target, 

• participating in fishing on a given day (or week). 

A random utility model requires a utility function to be specified for each decision. 

Attributes belonging to a given type of fishing "good" (e.g. site, mode) are included as 

explanatory variables in the individual's utility function for that good. Alternatives within 

each decision (e.g. site 1, site 2) are then differentiated by the levels of their attributes. 

Four types of attribute variables are considered in the literature (Ben-Akiva and Lerman 

1985). They are: Generic attributes, alternative-specific attributes, alternative-specific 

constants, and alternative-specific socioeconomic variables. 

Generic attributes are those that are assumed to have the same coefficient across all 

utility functions for a given set of choice alternatives. For example, the "price" variable 

is often treated as a generic attribute, implying that the cost associated with a fishing trip 

has the same marginal disutility regardless of the type of site that is chosen. 
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Alternative specific attributes are those which have different coefficients depending 

upon the alternative they are associated with. For example, a separate utility function for 

each alternative type of fish in a choice set is often specified by allowing the catch rate 

attribute to take on a different coefficient. 

Alternative specific constants are dummy variables for particular choice alternatives. 

They take on the value of one for the alternative in question, and zero for all other 

alternatives. A constant is used to represent any characteristics of an alternative which 

are not captured by the explanatory variables. 

Lastly, socio-economic variables such as income are usually included in the utility 

function to distinguish between alternatives which tend to attract people with high 

incomes, and those which have universal appeal. For example, it is conceivable that 

boat-fishing (relative to shore fishing) attracts a disproportionate number of anglers with 

high income. T o capture the effects of income in this instance it would be necessary to 

interact income with an alternative specific constant for boat fishing. 

In applied work, utility functions are often assumed to be linear in parameters. However, 

this does not restrict the attributes to being linear; they can enter as logarithmic, 

exponential or any other transformation. The parameters on each of the attributes are 

usually restricted to be equal across all individuals, implying that all respondents in the 

sample have the same preferences or tastes. However, this restriction can be relaxed by 

employing a random-parameter logit model (eg.Train 1998). 

5.2.1 Trip costs 

The trip cost variable is a key attribute influencing utility and an individual's subsequent 

choice of site. McConnell (1985) identified four components that contribute to the cost 

of a fishing trip: 

1. monetary travel costs (eg. fuel and depreciation) 

2. opportunity cost of travel time 

3. opportunity cost of time on site 

4. monetary on-site costs related to fishing (eg. bait, ice, food, accommodation ) 
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The first cost item, namely fuel and vehicle depreciation costs, are exogenous and are 

fixed subject to an individual's choice of site. Most researchers measure these costs 

objectively by calculating return distances between an individual's place of origin and 

each site in his/her choice set, then multiplying these distances by a unit operating cost 

for a family vehicle. A n alternative approach is to use respondents' perceptions of what 

it costs them to travel to each site. 

The other three cost items listed above are more difficult to measure and/or present some 

theoretical problems. With regard to the cost of travel time, there is debate in the 

literature as to whether this should be included as part of the total cost of visiting a site. 

This is an important debate because welfare estimates have been shown to be sensitive to 

the inclusion or exclusion of travel time costs. If time costs are non-zero and are omitted 

from the utility function, then consumer surplus will be underestimated (Fletcher, 

Adamowicz et al. 1990). 

One viewpoint is that time spent travelling represents an opportunity cost which is equal 

to the utility derived from partaking in an alternative activity, such as working or 

participating in a different leisure pursuit. The other view is that time spent recreating 

has a zero opportunity cost because anglers derive utility from travelling. Indeed there is 

empirical evidence to support the proposition that travel is enjoyable. A study by 

Bennett (1996) found that 9 0 % of respondents indicated that their travel time had been 

"very enjoyable". 

Various methods have been used to measure the cost of travel time. Some analysts use 

wage rates as a shadow price. This might be satisfactory for those anglers w h o have 

flexible work hours, but is incorrect for those w h o have fixed working hours. For people 

with work constraints, the c o m m o n practice is to set their opportunity costs to zero. 

McConnell, Strand et al. (1995) argue that these people nevertheless incur an implicit 

time cost because fishing diverts time away from other potentially "valuable" activities. 

Further to this standpoint, they proceed to specify an individual's site utility (Vj) as 

follows: 

V, = a(Y-Pj) + P(l-h)gJ + [y}h + y2(\-h)]tj + 8Zj (1) 
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where; 

Y= individual's income, 

Pj = the price of a trip to site./, 

h = a d u m m y variable; 1 if angler has flexible work hours and zero otherwise, 

gj = travel time to sitej, 

tj = on-site time, 

Zj = vector of site attributes. 

The price of a trip was then defined as: 

pj = p}
n + qJj + wh(gt + tj) (2) 

where pf is the monetary cost of travel to sitej, q is the variable costs ($/hr) associated 

with time spent at sitej, and w is the individual's hourly wage rate. This specification of 

utility (Equation 1) and price (Equation 2) ensures that those anglers with flexible hours 

incur an explicit time cost, while those who face fixed hours only incur an implicit cost. 

Note that Equation 1 above allows individuals to vary the amount of time they spend at 

each site. This assumption raises a second set of issues that relate to on-site costs. It is 

often found that on-site time is directly proportional to a site's distance from the angler's 

place of origin. This observation implies that on-site time should be modelled as a choice 

variable. However, most empirical studies simplify matters by assuming that time on-site 

is exogenous or predetermined. That is, having decided upon the number of hours to go 

fishing, the individual then chooses a site. This assumption is convenient because it 

renders on-site time constant across all sites and therefore time can be dropped from the 

utility function. 

One exception to this simplified approach is a study by Berman, Haley et al. (1997). 

They allowed on-site time to be endogenous by specifying it as an instrumental variable. 

Time spent fishing was assumed to be a function of an angler's level of fishing success, 

travel distance, and personal characteristics. While this approach to handling time is 

more closely aligned with reality, it makes the analysis much more complex. 
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5.2.2 Perceptions vs objective measures of quality 

It is c o m m o n for researchers to include catch rate, congestion and site amenities as 

quality attributes in the utility function, but very few have measured the levels of these 

attributes using individuals' perceptions. Most studies employ objective measures of 

quality that are based on information that has been collected by previous surveys, or by 

the same survey used to collect the trip data. In the case of catch rate, mean actual 

catches are often used as a proxy for expected success (McConnell, Strand et al. 1995). 

Anglers' perceptions of fish abundance are rarely used because the cost of eliciting this 

information is prohibitive. Furthermore, it is not always easy to link people's perceptions 

to objective factors that have relevance to policy (Fletcher, Adamowicz et al. 1990). For 

example, anglers might perceive a polluted water body to be of high quality if the 

pollutant is not visible. 

Despite these difficulties, there are a number of reasons why it might be worthwhile to 

use perceptions of fishing quality in the R U M . The most compelling reason is that an 

individual's behaviour is motivated by his/her perceptions, not by abstract measures of 

quality. Other reasons include: 

• Perceptions not equal to actual levels. It has been found that anglers and hunters 

often have different expectations of their likely success than what is actually achieved 

by the population of participants. Frequently individuals are too optimistic (Spencer 

and Spangler 1992; Adamowicz, Swait et al. 1997). This being the case, objective 

measures are inappropriate for explaining an individual's observed behaviour. 

Fletcher, Adomowicz et al. (1990) point out that model parameters will be biased to 

the extent that perceptions diverge from actual quality. Subjective and objective 

measures should converge over time but there is no doubt a lag time between a 

change in actual quality and a change in perceptions. 

• Poor biological information. The accuracy of survey information about angler catch 

rates is often limited or unreliable owing to the nature of the sampling process and 

survey methods. In these situations it is possibly more accurate to use an individual's 

o w n perception of catch rate rather than rely on objective measures. 
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• Endogenous attributes. While catch rate is principally a function of fish abundance, 

an exogenous attribute, individuals can influence the level of their success by using 

specialised gear, using appropriate bait and improving their skills. So it is wrong to 

assume that all individuals face the same mean level of catch rate at a fishing site. Use 

of perception data could overcome this problem. 

• Stochastic attributes. The level of some quality attributes of fishing are uncertain to 

the individual prior to visiting a site. Again, congestion and catch rate are two 

examples. A n individual's perception of how variable these attributes are at a given 

site on a particular occasion will no doubt have a bearing on his/her choice of site. 

Consequently, a measure of "quality risk" could be an important variable to include in 

the utility function. 

Only three RUM studies of recreation could be located that have elicited perceptions of 

quality from respondents1. T w o of these studies estimated the economic value derived 

by anglers from fishing on artificial reefs (Bockstael et al. 1986 and Milon, 1988). A 

third study modelled the behaviour of moose hunters and directly compared the statistical 

performance of a R U M estimated with perception data relative to the same model 

estimated with objective data (Adamowicz, Swait et al. 1997). 

In the Bockstael et al. (1986) study, intercept and mail surveys were used to elicit each 

individual's expectations about catch rate at a nominated site, together with travel time, 

number of other boats, and overall site "quality". Respondents were also asked what 

percentage of trips to a site they expected to catch nothing. This served as a crude 

measure of quality risk. All questions were open-ended. Both mail and intercept survey 

formats generated a large number of missing observations for certain sites, so the authors 

resorted to using objective data. 

1 Several travel cost studies have compared respondents' perceptions of costs to actual (objectively 

measured) costs. Bateman (1993) reviews some of these studies and concludes that the models estimated 

with perceived costs do not out-perform those that were estimated using actual costs. 
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Milon (1988) was more successful. H e asked respondents to give a once-off rating of 

the "productivity" of each site on a scale of zero to one. This variable was found to be 

highly significant in the choice model. Unfortunately the performance of the model was 

not compared against a model that used objective measures of productivity, so no 

conclusion could be made about the relative merits of incorporating subjective 

information. 

In the hunting study by Adamowicz, Swait et al. (1997), perceptions were elicited for a 

range of attributes by interviewing respondents in-person and asking them to check off 

the level of each attribute they felt best represented the conditions at each site. They 

were also given an "I don't know" option. Perceptions were only elicited at one point in 

time even though trips over the whole season were used to estimate the R U M . In the 

situation where respondents could not provide perceptions for all quality attributes at a 

site, missing data were replaced with modal values of perceived quality from the sample. 

Alternatively, if they ticked "I don't know" for all the attributes of a site, that site was 

removed from the individual's choice set. It was reasoned that these respondents were 

unfamiliar with site conditions and therefore the site should be excluded. 

Surprisingly, the RUM model estimated with perception data did not perform any better 

than the model that used objective data. This was despite the fact that perceptions and 

objective measures were not correlated for some attributes. One would have expected 

that if individuals perceive the relative levels of quality across sites differently to actual 

measures, then the perceptions model should be better at explaining choices than the 

objective model. The counter intuitive results obtained by Adamowicz, Swait et al. 

(1997) might, in part, be due to perceptions only being elicited at one point in time. It is 

feasible that the relative attractiveness of sites could change considerably over the course 

of the survey period, thereby rendering the perception data to be "inferior" to the 

objective data. 

The work by Adamowicz, Swait et al. (1997) poses an interesting question: Can an 

individual's welfare be affected by altering perceptions alone without any change to 

actual conditions? The authors argue that if expectations could be reduced to more 

realistic levels, then improvements in quality by a management agency would be more 
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highly valued. It appears that this is an area of research that has been largely neglected 

to date, and more work is needed to investigate whether there is a divergence between 

welfare estimates produced by models that use expectations versus "real" data. 

5.2.3 Accounting for endogeneity, uncertainty, and temporal change 

There has been a substantial amount of research devoted to finding suitable proxies for 

fishing quality for inclusion in the R U M . In Chapter 2 it was emphasised that some 

attributes of the fishing experience are endogenous, stochastic and variable over time. 

For instance, catch rate is endogenous because anglers can influence their o w n success 

by improving their skills and devoting more inputs to catching fish. Consequently, a 

mean catch rate taken over all anglers who fish at a site is not a very good proxy for the 

catch expectations of any one individual. 

A study by McConnell, Strand et al. (1995) explicitly recognised this and hypothesised 

that an angler's catch outcomes approximately follow a Poisson distribution. For 

individual i, the probability that he/she catches n fish at sitej is expressed as follows: 

Pfaj) = (Qij)n • [expC-Qij)] /n! n = 0, l,....,-

where Qy is the Poisson mean catch per trip, which is specified by a catch "production" 

function of the form lnQy = aXi. The variable Xi is a vector of variables that explain 

the individual's catch rate. This catch function was used to predict catch rates for each 

individual. The per trip catch rates were subsequently converted to a per hour measure 

before being passed onto a R U M model of site choice. 

Kaoru, Smith et al. (1995) followed a similar procedure but argued that anglers are likely 

to adjust the amount of time they spend fishing in response to realised success. If this is 

the case, parameters of the catch function would be biased by simultaneity. To 

circumvent this problem, the authors used an instrument for time on-site. Upon 

comparing Poisson catch models estimated with and without the instrument, they found 

that there was little qualitative difference in the coefficients. Since this study was 

published, Schuhmann (1998) has also used an instrument for time. Neither study 
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investigated whether anglers actually changed their intended length of stay in response to 

their success. 

Incorporating a catch function into a RUM of recreational fishing has been shown to 

produce a more realistic picture of how improvements in fish stocks affect a population 

of heterogenous anglers (McConnell, Strand et al. 1995). W h e n predicted catch rates 

are used as a proxy, the catch of skilled anglers increases more than their less skilled 

counterparts. This of course has implications on the distribution of welfare gains across 

the sample. If the marginal value of fish is constant, then the most highly skilled anglers 

receive the largest benefit. Under the more conventional assumption of diminishing 

marginal value, the difference in welfare gains between skilled and non-skilled anglers 

should even out somewhat because individuals with below average catch rates derive a 

larger marginal benefit than those w h o are relatively more successful. 

There has been little work that specifically addresses these issues in the literature. As 

mentioned in Chapter 3, only a few valuation studies have tested the hypothesis that 

marginal values of fish diminish with additional catch. Burns, Damania et al. (1997) 

discussed the implications of angler heterogeneity in the context of their contingent 

valuation results but do not investigate the topic further. The most thorough analysis of 

welfare distribution across individuals has been undertaken by McConnell, Strand et al. 

(1995) and Schuhmann (1998). They conclude that management policies, such as bag 

limits, should not be applied uniformly to all anglers but rather, the policies need to be 

tailored to address the particular demands of each segment of the angling population 

who have different abilities and target preferences. 

Two other features of fishing quality deserve special attention when specifying a RUM: 

Attributes are subject to change over time and are stochastic. Some aspects of fishing 

such as catch rate and congestion are highly variable over the season and cannot be 

known with certainty prior to going fishing. Owing to life cycles of fish and fluctuating 

environmental conditions, anglers cannot expect to have the same mean level of success 

every time they go fishing. Equally, the variance of catch outcomes may differ across 

sites and through time. 
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With the exception of a few cases, the majority of R U M studies use fixed mean measures 

of quality which are assumed to apply over the whole season. A study by Jones & 

Stokes Associates (1991) used weekly mean catch rates and Schuhmann (1998) used a 

trend variable to measure the seasonal variation in catch rate. However, no attempt has 

been made to directly compare the performance of a R U M estimated with variable catch 

rates alongside the same model estimated with fixed means. Measures of variance, or 

quality "risk", have occasionally been included in the R U M as a site attribute. Larson 

(1988) and Milon (1988) both found that anglers preferred sites with highly variable 

catch rates, suggesting that anglers are not adverse to risk. 

5.2.4 Individual characteristics 

It is conceivable that individual characteristics have an influence on the amount of utility 

anglers derive from fishing. In a R U M it is not possible to include individual 

characteristics directly in the utility function as separate variables because these attributes 

do not vary across alternatives. Instead, they can be introduced by interacting the 

personal attribute with a site attribute or an alternative specific constant. For example, 

an angler's choice of target species could depend upon his/her skill level. Species that 

are difficult to catch are likely to be more attractive (yield higher utility) to those with 

advanced skills. This being the case, skill can be incorporated into the utility function for 

a particular species alternative by interacting skill with a constant for that alternative (see 

Section 5.2). 

Income has received special attention in the literature. It is normally assumed that 

income enters the utility function linearly, which restricts the marginal utility of income 

to be constant. This restriction is imposed in order to easily calculate welfare measures. 

Methods have recently been developed that allow income to enter as a non-linear 

attribute (Morey, R o w e et al. 1993; McFadden 1995). However, in the case of 

recreational fishing it seems that allowing for income effects is not critical. A n empirical 

study by Herriges and Kling (1997) found that the welfare estimates derived from a 

R U M that allowed for income effects were not greatly different to those that were 

obtained from a standard R U M . 
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5.3 Choice Set Definition 

The way a set of choice alternatives is defined has been shown to have a substantial 

influence on the parameters of a R U M and the subsequent size of welfare generated by 

the model. There are three main issues that come under the umbrella of choice set 

definition. They are: 

1. criteria for defining individual-specific choice sets, 

2. procedures for defining a choice set when there are an excessively large number of 

alternatives in the "market", 

3. procedures for determining the spatial boundary of a choice set. 

With respect to the first point, a number of criteria have been suggested for defining 

individual-specific choice sets. Ben-Akiva and Lerman (1985) assert that alternatives 

should only be included in an individual's choice set if they are both known to the angler 

and feasible. They argue that an unknown alternative should be excluded because it 

does not enter the preference set of the individual; failure of an individual to consider an 

unknown alternative does not provide information about the individual's preference 

structure. Consistent with this theory, Adamowicz, Swait et al. (1997) and Peters, 

Adamowicz et al. (1995) asked respondents to indicate which sites they were aware of. 

Sites that were unfamiliar to an individual were deleted from the individual's choice set. 

Alternatives are thought to be infeasible to an individual if he/she is constrained by 

factors such as physical availability (does not own a car), monetary resources, time, 

(works fixed hours), and informational constraints. Using feasibility as a criteria for 

determining an angler's choice set is not clear-cut because, with the exception of the 

budget constraint, all other constraints could be overcome by sacrificing income or 

buying the necessary inputs to relieve the constraint. If it were possible to capture the 

full cost associated with overcoming factors that constrain an individual from choosing 

an alternative, then this "price" could be included as a variable in the utility function and 

it would be unnecessary to remove any alternatives from the choice set. 
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In practice though, it is impossible to capture the full cost of an alternative. A s a 

compromise, some researchers form a "consideration set" which includes only those 

alternatives that an individual says he/she would consider choosing (see Horowitz and 

Louviere 1995). This procedure seems to be flawed because infeasibility might be only 

one reason why individuals fail to consider an alternative. It is equally possible that the 

alternative is regarded as sub-optimal, in which case it should still be included in the 

choice set. A follow up question is needed to clarify why the respondent would not 

consider choosing the alternative, but this is rarely practiced. 

The second methodological issue listed above concerns the problem of defining a choice 

set when there are hundreds of possible alternatives. Recreational fishing is a prime 

example of this problem because it is not unusual for anglers to have access to a vast 

number of fishing sites. For the purposes of estimating a R U M model, most researchers 

reduce the number of alternatives by forming a set of aggregated sites. However, this 

practice has been shown to bias welfare measures, particularly when sites in the 

aggregate are not homogenous (Kaoru, Smith et al. 1995; Kling and Thomson 1996). 

Parsons and Needelman (1992) conclude that the extent and direction of the bias is 

always circumstantial. It depends on the size and variability of the average utility offered 

by an aggregate alternative relative to the heterogeneity and number of locations within 

the aggregate alternative. 

Aggregation bias can be reduced by keeping the level of aggregation to a minimum and 

only grouping together locations that share reasonably similar characteristics. Ben-Akiva 

and Lerman (1985) recommend controlling for some of the bias by including the log of 

the number of sub-locations within each site as an attribute of the utility function. A 

completely different method for circumventing the problem was suggested by Parsons 

and Kealy (1992). They showed that a reasonable model could be estimated by drawing 

alternatives at random for inclusion in the choice set. 

A third issue that has recently been examined in the literature is the correct definition of 

spatial boundaries. It is well documented that peoples' awareness of sites tends to fall 

with increasing distance between sites and their place of origin. However, in the absence 

99 



Chapter 5: Review of R a n d o m Utility Modelling 

of information about which sites are known or unknown to an individual, it is impossible 

to systematically define an individual-specific choice set. Owing to this concern, Parsons 

and Hauber (1998) investigated whether excluding or including distant substitute sites 

had an influence on parameter and welfare estimates in a R U M of recreational fishing. 

They hypothesised that an incomplete choice set should not bias welfare too much, 

provided it includes the most important set of substitutes site(s) of interest for policy. 

The results demonstrated that, beyond a certain threshold distance, adding more sites to 

an individual's choice set had negligible effects. However, removing sites that fell within 

the threshold significantly changed welfare estimates. In this particular study the critical 

threshold boundary was found to be all sites within a 1.5 hour one-way drive from the 

individual's place of origin. Parsons and Hauber conclude that researchers should err on 

the side of excess when delineating a boundary for the study area. 

5.4 Nesting Structure 

The multinomial logit model has a restrictive property known as the independence of 

irrelevant alternatives (IIA). Put simply, it means that the ratio of choice probabilities for 

two alternatives must be independent of any other alternative in the choice set. For 

example, suppose there are three sites in an angler's choice set: Lake A, Beach B and 

Beach C. A n improvement at Beach C is likely to reduce the probability of Beach B 

being chosen relative to Lake A, because one would expect that both beaches have 

c o m m o n unobserved factors that influence utility. This is a violation of the H A 

assumption and leads to biased parameter estimates. 

A formal procedure for testing violations of IIA was developed by Hausman and 

McFadden (1984). If H A is found to be a problem, it is possible to minimise the bias by 

adopting a generalised extreme value distribution for the unobserved terms (McFadden 

1981). This enables alternatives to be grouped in a manner that allows the choice of 

alternatives to be correlated within, though not between, groups. For instance, beach 

sites could be grouped separately from lake sites. A n individual's choice of water body 

(beach or lake) is then dependent upon the maximum utility offered by sites belonging to 

each water body. Such a structure is known as a nested logit model. 
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Continuing with the example above, the highest decision level of the nest constitutes the 

angler's choice of water body. The lower level describes the individual's choice of Beach 

A or Beach B, conditional upon choosing to fish off a beach. The probability that an 

angler chooses a particular combination of site (/') and water body (k) is given by the 

product of the conditional site probability (PM) and the probability of choosing a water 

body k, denoted P*: 

Pjk = Pj\k * Pk O) 

The formulas for each of these elemental probabilities on the right hand side of Equation 

3 are given by Equations 4 and 5 below. VJk is the utility associated with fishing at a site 

j belonging to water body k, and V* is the overall utility associated with water body k. 

The total number of sites in the choice set is J, and K is the total number of water bodies 

(two in the example above). Equation 6 is the inclusive value for the group of sites 

under each water body k. Note that this term becomes an attribute in the utility functions 

associated with each water body alternative. 

exp(V/;t / a] 
Prob(j\k) = -f—^ (4) 

i=i 

nom= ;xp[v*+(tfy*] (5) 
I.exp[Vm + aIVJ 
m=\ 

where; 

7Vt=ln{£exp[V^/a]} (6) 

The term a is the coefficient on the inclusive value and is known as the dissimilarity 

parameter. It is a measure of the degree of substitution between the k alternatives. 

W h e n a =1, there is no correlation between the unobserved characteristics associated 
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with each water body, so the nested logit model collapses to a single level multinomial 

logit model with J + K alternatives. The dissimilarity parameter also indicates whether 

the model is consistent with utility maximsation (McFadden 1981). To be consistent, a 

must fall within the unit interval, ie 0 < a < 1. 

The nested logit model emerges from a statistical requirement to avoid the IIA 

assumption. Alternatives should be grouped according to correlations between their 

unobserved effects. This may, or may not, reflect the sequential decision process of 

individuals. Unfortunately, there is no well-defined testing procedure for discriminating 

among nested structures, which is of concern because a number of studies have shown 

that welfare estimates are sensitive to assumed nesting structure (Kling and Thomson 

1996). This dilemma is possibly about to be resolved with the recent development of the 

heteroskedastic extreme value (HEV) model. This estimator is capable of identifying 

alternatives which have error terms with similar variance. The reader is referred to 

Greene (1997) for further details about H E V models. 

5.5 Incorporating the Demand for Trips 

As mentioned previously, one of the weaknesses of the R U M is its inability to model an 

individual's demand for trips over an extended period of time. Several approaches have 

been developed for estimating trip frequency in conjunction with a model of site choice. 

The three main approaches include: (i) two stage models, (ii) multinomial-Poisson 

models and, (iii) repeated discrete choice models. The first two approaches differ 

principally in the type of functional form that is assumed to underlie the model, while the 

third approach is distinctly dissimilar to models (i) and (ii). 

5.5.1 Two-stage models 

This approach models trip frequency by appending a trip demand function to a R U M of 

site choice. Hence the continuous and discrete aspects of recreation behaviour are 

modelled in two stages. The two models are linked by including an inclusive value from 

the R U M as a regressor in the trip demand function. Bockstael, Hanemann et al. (1989) 

pioneered this procedure and used a tobit model to describe trip frequency. They 
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emphasised that their approach is a "second best" way to model the discrete-continuous 

nature of recreation demand, because the two stages are not completely utility theoretic. 

Nevertheless, their methodology has been widely adopted (eg.Creel and Loomis 1992; 

Lin, Adams et al. 1996). 

The two-stage framework allows welfare to be expressed as an annual or seasonal 

measure. Researchers have generally used Equation 7 to obtain an individual's annual 

benefit from an improvement in quality. In this equation, T is the number of trips 

predicted by the trip function and C S is the "per trip" consumer surplus estimated by the 

R U M . The superscripts denote initial and final states. Morey (1993) points out that 

Equation 7 is not the correct way to aggregate benefits because per trip consumer 

surplus is likely to diminish at the margin with an increase in trips. H e recommends using 

Equation 8 as an approximation of seasonal consumer surplus. 

(T1. CS1) - (T°. CS°) (7) 

O.SOT^ + T'MCS'-CS0) (8) 

Two stage models have become more advanced since they were first conceived. For 

instance, trip demand is now rarely modelled via a tobit function. It has been replaced by 

a Poisson or count model which have better statistical properties for describing trip data. 

In another development, the convention of using the inclusive value as a linking variable 

has been questioned. Feather, Hellerstein et al. (1995) and Parsons and Kealy (1995) 

argue that the inclusive value is a poor index because, when used as a regressor in the 

trip function, it causes all individuals to increase their trip frequency when the quality at 

any destination improves. In reality, if a distant site is improved, it is possible that some 

individuals might reduce their annual number of trips. This outcome could eventuate if 

they rationally substitute several short trips to nearby destinations with one trip to a 

distant location. In other words, improving the quality of a site may increase the 

expected price of a trip for some individuals. 

To accommodate this possibility, Feather, Hellerstein et al. (1995) suggest that the 

inclusive value be replaced by expected price and quality, where these variables are 

obtained using the attributes and choice probabilities from the R U M . They show that the 
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welfare estimates obtained from their approach are substantially higher than those 

derived from the model which used an inclusive value index. 

5.5.2 Multinomial-Poisson models 

The joint multinomial-Poisson model is a second approach that has been used to model 

the discrete-continuous nature of recreation demand. It combines a multinomial logit 

model of site choice with a Poisson model that describes the seasonal demand for trips to 

each site. The principal difference between this model and the one described in the 

previous section is that a single likelihood function is developed for the joint model and 

both stages are estimated simultaneously. A conditional multinomial distribution is 

assumed for the probability of individual i allocating a particular number of trips to each 

sitej, conditional upon total seasonal trips t. This probability is given by: 

P(yi,y2,.--,yj\t) = m7cpflyj\ 
7=1 7=1 

where y7 is the number of trips to sitej, and itj is the probability of a trip to sitej which is 

determined by the R U M . A Poisson function is used to estimate total number of trips, t. 

There are only a few examples in the literature where this technique has been applied to 

model recreation demand. Shaw and Jakus (1996) used it to examine the demand for 

rock-climbing, Yen and Adamowicz (1994) applied it to hunting, and Hausman, Leonard 

et al. (1995) conducted a study of recreation in Alaska that employed a multinomial-

Poisson model. The uptake of this procedure has probably been slow because it is a 

good deal more complex than the two-stage or repeated discrete choice models. The 

algorithms needed to estimate the model are not included in any packaged software. 

Furthermore, the model it is not able to accommodate attributes that change over time. 

However, it does offer the advantage of being utility-theoretic, something that the two-

stage models cannot boast (Hausman, Leonard et al. 1995). 
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5.5.3 Repeated discrete choice models 

The repeated discrete choice model adopts a completely different paradigm to explain 

anglers' seasonal demand for trips. In contrast to the approaches outlined above, it 

assumes that individuals make participation decisions from one time period to the next 

on an independent basis, and the sum of outcomes over all periods generates their total 

demand for trips. The repeated choice model is made operational by dividing the fishing 

season into a fixed number of periods, say weeks. Anglers are asked to keep a log of 

their activities over the entire season, recording the dates of each trip and their chosen 

site. These data are then used to estimate a nested logit model which includes 

participation as the upper-level decision, and site choice as a lower level decision. For 

examples of a repeated choice model see Morey (1993) and Montgomery and 

Needelman (1997). 

Morey is a strong advocate of the repeated choice model. He argues that incorporating 

the participation decision into the R U M ensures that trips are modelled in a manner that 

is consistent with utility theory. Furthermore, he (and others) have shown that welfare 

estimates are biased if the participation decision is not included in the R U M . The 

approach does have some down-sides though: Firstly the researcher must arbitrarily 

choose the number of periods and treat every period as a choice occasion. This can lead 

to misleading results if anglers are unable to go fishing in certain periods due to 

constraints or if more than one trip is made during a period. Secondly, it is not easy to 

identify variables which influence a person's decision to participate. Compared to site 

choice, an angler's decision to go fishing is difficult to analyse because there are so many 

confounding factors. Thirdly, the model requires a large amount of information. The 

levels of attributes for each alternative in the choice set must be known regardless of 

whether an individual participates or not. Owing to these problems, there is debate in the 

literature as to whether it is worthwhile going to the extra trouble of estimating a 

repeated choice model, given the relative simplicity of a two stage model. 
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5.6 Trips of Different Duration 

The majority of recreation studies only deal with day trips. In doing so, day trips are 

implicitly treated as separable from visits of more than one day. Fletcher, Adamowicz et 

al. (1990) points out that unless trips of longer duration are truly separable from day 

trips, discarding overnight trips from the sample will bias parameters of the demand 

model. It is reasonable to assume that day visits are separable to vacation trips, but less 

convincing to think of a day visit to sitej as being separable from a weekend trip to that 

same site. Therefore, in situations where a sample of individuals take a significant 

proportion of overnight trips, it is important to consider a way of explicitly modelling trip 

length as an endogenous choice. 

One of the few studies to include trip length as a choice alternative appears in a paper by 

Kaoru (1995). H e partitioned the length of stay decision into three alternatives (1 day, 2 

days, or >3 days), and specified them as an upper level decision in a nested logit model. 

The other decisions at the mid and lower levels were choice of region and choice of site. 

Total trips were assumed to be determined exogenously, so participation was not 

included as an alternative in the model. Three difficulties are identified with this 

approach: Firstly, the on-site cost of trips which are of a finite duration can be easily 

established but the cost of the open-ended option (>3 days) needs to be arbitrarily 

defined. Kaoru does not report his method, but one approach could be to use the 

average on-site costs incurred by those people in the sample who made trips which lasted 

more than 3 days. Secondly, including a trip length decision dramatically increases the 

number of alternatives so a larger sample is needed to estimate the R U M . Thirdly, if the 

R U M is to be linked to a trip frequency model, separate demand functions are required 

for trips of different duration. Parsons and Kealy (1995) suggest how this could be 

implemented. 

Trip duration has also been modelled with a repeated discrete choice RUM (Shaw and 

Ozog 1997). Again, trips of varying length are included as alternatives at one level of a 

nested logit model but the total number of trips of each duration category are determined 

endogenously. This method has its own set of problems. The authors warn that the 

number of periods selected for the model must be sufficiently large to ensure that not too 
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many individuals take multiple trips within a single period, however they neglect to 

mention that shortening the period length increases the number of instances where trips 

are observed to overlap from one period to the next. As yet, this problem does not 

appear to have been resolved. 

A promising line of research is some work by Jones and Sung (1993). They use a 

duration model in conjunction with a R U M to explain the demand for fishing trips of 

different length. The frequency of each type of trip (day, weekend, and vacation) is 

predicted by a "competing risks" duration model. Predictions are based on factors that 

influence the amount of time elapsed between trips of a given type. One of the 

advantages of this approach is that it requires information about only one trip per 

respondent. However, the model is complex and besides the initial study by Jones and 

Sung, it has not been applied to any other recreation problems. 

5.7 Dynamic Choice 

The random utility model typically assumes that choices made by an individual in one 

time period are independent of all previous and future choices. In Chapter 2 it was 

argued that an individual's demand for recreation is not this simple. A n individual's 

observed frequency and allocation of visits to sites over the course of a season is better 

described as the outcome of a dynamic optimisation problem whereby the individual 

seeks to maximise his/her utility over multiple time periods. This means that recreation 

decisions are influenced by previous trips and are also forward-looking. 

An example of dynamic choice is displayed when anglers form habits or seek variety 

when they go fishing. Both of these traits imply that current choice is dependent upon 

past choices. People with habits are more likely to visit a site that they have chosen 

many times before, all else being equal, while those who seek variety have a lower 

probability of choosing a site which they have frequented in the past. 

Individuals display habits when they repeatedly choose to fish at a particular site (or set 

of sites) for reasons which cannot be related to the observed explanatory variables. 

McConnell, Strand et al. (1990) suggest that habitual behaviour could be motivated by a 

number of factors. Anglers might be enticed to repeatedly visit a site in order to build up 
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some knowledge about the fishing conditions at that site; similarly, they may wish to 

avoid the "cost" of going to an alternative site which they know nothing about. There is 

also the possibility that unfamiliar sites are viewed as too risky. O n the other hand, 

variety seekers derive utility from the "novelty experience" of visiting new places. 

One of the few studies to allow for dynamic choice in a random utility model of 

recreational fishing is a study by Adamowicz (1994). H e used a log book survey to 

collect time-series information about the activities of a sample of anglers over a period of 

nine weeks. This generated time-series panel data for each individual. Habits and variety 

seeking was investigated using two different repeated choice models of participation and 

site choice: A naive model and a rational model. The naive model is essentially a static 

R U M , but an element of dynamic choice is captured by including, as an attribute, the 

number of previous occasions on which an individual chooses alternative j. A positive 

sign on the coefficient for cumulative choices of j indicates habitual tendencies, while a 

negative sign indicates preference for variety. This modelling strategy has shortcomings 

because it assumes that anglers are naive about the effect that their current choice has on 

future choices. In other words, it ignores the principle of utility maximisation over 

multiple periods. 

Adamowicz's rational model is more sophisticated. It assumes that individuals gain 

utility from "stocks" of visits to a site. If a site is associated with variety seeking 

behaviour, the model carries over some stock into the next period. In turn, this increases 

the probability of an individual choosing a substitute site. O n the other hand, if a site is 

habit forming, then none of the stock is carried over into the next period and the angler is 

induced to continue choosing the same site in order to maintain his utility at a constant 

level. A n estimated parameter, known as a depreciation factor, dictates whether a site is 

"habit forming" or "variety inducing". The rational model is more realistic than the naive 

model because individuals take into account the cost that their current choices impose on 

future utility. 

Only one other study could be found in the recreation literature which took into account 

dynamic effects within a discrete choice framework. This was a recent paper by 

Provencher and Bishop (1997). Their approach is different to Adamowicz's. Instead, 
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they assume that on day t the angler's dynamic decision problem is to maximise the sum 

of expected current and future utility, where future utility is discounted by an 

"impatience" factor. Hensher (1994) describes the same method in the context of 

tourism demand. These models are quite complex. Even the simplest of models which 

examine a binary decision of whether or not to go fishing (such as the one estimated by 

Provencher and Bishop (1997)) are challenging. This being the case, it is important to 

establish whether dynamic models generate welfare estimates that are appreciably 

different from a static model. This remains a question for future research. 

5.8 Conclusion 

The methodological issues associated with designing and estimating random utility 

models are numerous and wide-ranging. Perhaps the most troubling aspect that 

researchers have faced when applying a R U M to model recreation, is the difficulty of 

incorporating a mechanism for describing trip demand. This review has provided an 

outline of three competing methods that have been developed: A repeated choice model 

that internalises the participation decision within a R U M , a two-stage approach which 

models trip demand separately, and a multinomial Poisson model that jointly describes 

the two decisions. While there are advantages and disadvantages associated with each 

strategy, most applied work appears to have favoured the two-stage approach over a 

repeated model, because it provides a more realistic way of describing trip frequency. 

There are a number of areas that call for further research. Little work has been done to 

assess whether anglers' perceptions of quality attributes are better at describing choice 

behaviour than objective measures of those same attributes. Most studies use proxies for 

angler expectations rather than question respondents about their own assessment of 

quality. There is scope for work which focuses on side-by-side comparisons of R U M 

models estimated with subjective and objective data. The study described in the 

forthcoming chapters tackles this research issue by questioning anglers about their catch 

expectations prior to every trip. 

Following on from this area of research, there is a need to investigate how anglers 

formulate their perceptions and to examine the extent to which perceptions diverge from 
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actual conditions in the fishery. This work is needed in order to improve our 

understanding of h o w changes in policy-relevant measures translate into changes in 

behaviour and welfare. It would be expected that perceptions are linked to measurable 

indicators of quality such as actual catch rate, media reports, water quality etc. The 

empirical work in the following chapters models these linkages. 

Previous RUM studies of recreational fishing appear to have largely neglected the fact 

that attributes such as catch rates and congestion are highly variable over time. 

Obtaining time-series information on these attributes is costly, but may yield a much 

more efficient R U M model. The potential gains from collecting these data has not been 

properly assessed in the literature. Again, side-by-side comparisons are needed to 

establish whether time-varying attributes produce a better model. This is the approach 

taken by the study that follows in Chapters 6 to 9. 

Finally, this review of the literature has revealed that dynamic choice has been almost 

completely ignored when modelling recreation choice with a R U M . While habits and 

variety seeking have been identified as two aspects of behaviour that are prevalent in 

recreation, designing a model which accommodates dynamic choice is a daunting task. It 

seems that dynamic R U M models are considered by most practitioners to be too complex 

to be readily applied to empirical work. 
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CHAPTER 6: A RANDOM UTILITY MODEL OF RECREATION 

DEMAND: The Recreational Fishery of South Western Australia 

6.1 Introduction 

In Chapter 4, results were presented of a benefit-cost study that assessed the reallocation 

of fish stocks between recreational and commercial fishers. In the course of undertaking 

this study, some difficulties were encountered with eliciting the marginal value of fish to 

recreational anglers. Open-ended contingent valuation questions were unable to 

disentangle the value of catching fish from other values of the fishing experience. The 

chapter concluded by noting that a different approach was needed; one that could 

explicitly measure respondents' preferences for particular attributes of the fishing 

experience whilst "controlling" for substitutes. 

This present chapter is the first of four which describe an empirical study that uses a 

random utility framework to analyse the recreational sector. Previous applications of the 

random utility technique show that it is well suited to identifying the value of marginal 

improvements in catch rate and other quality attributes (see Chapter 3). It also addresses 

the need to control for substitutes, because alternatives are made explicit in the choice 

model. However, as the method has only just begun to be applied to value outdoor 

recreation there are still many unresolved issues that need further attention. S o m e of 

these problems were discussed in Chapter 5. 

This study explores two issues in greater depth. Firstly, it examines whether it is possible 

to improve the explanatory power of the random utility model by incorporating anglers' 

perceptions of quality rather than rely on objective measures. Secondly, it assesses 

whether improvements can be made by specifying catch rates as a time-varying attribute 

in the random utility model. The majority of previous work has assumed a fixed level of 

fish abundance over the survey period. It was thought that these two modifications 

should enhance the likelihood of successfully estimating marginal values for fish. 

6.1.1 The Study Area and Policy Issues 

Marine fishing in the south west region of Western Australia was, again, the focus of this 

study. However, unlike the previous study described in Chapter 4, this study was 
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broadened to include species of fish other than just salmon and herring. Another 

difference was that anglers residing outside the Perth metropolitan area were excluded 

from the sample frame. Furthermore, the extent of the study area was reduced to only 

include visits to fishing sites along lower west coast of the state. Sites along the south 

coast were excluded from the analysis. These changes were necessary to facilitate the 

estimation of a random utility model. 

The extent of the study area is shown in Figure 6.1 on page 116. It encompasses 350km 

of coast line and includes many popular fishing sites. The northern part of the region 

includes the metropolitan district of Perth where most of the state's population reside. 

The inshore waters support numerous fish species, some of which are caught for then-

eating qualities and others which are sought after as sport fish. The recreational fishery 

operates year-round and good fishing is available throughout the study area, although the 

diversity and abundance of fish is variable across space and time (Ayvazian, Lenanton et 

al. 1997). 

The south west fishery is of particular interest because most of the state's recreational 

fishing activity is concentrated in this region and, as such, a number of management 

problems are beginning to emerge. Surveys have shown that approximately 3 0 % of the 

state's 1.4 million people aged 15 years and over participate in recreational fishing, and 

there is evidence to suggest that participation is growing both in nominal and real terms1. 

With this level of effort there are now fears that stocks of some fish are being threatened 

by over-fishing and concerns that fragile coastal environments are being damaged by 

over-use2. Over-fishing is being addressed by imposing catch/size limits and by 

education programs. With regard to the latter concern, entry fees have recently been 

A survey conducted in 1987 by the Australian Bureau of Statistics estimated participation to be 2 7 % . 

The survey was repeated in 1997 by Reark Research who found the rate to be 36%, which suggests real 

growth over the last decade. 

2 Recreational Fishing Advisory Committee (1990). The future for recreational fishing: Issues for 

community discussion. 
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implemented at several sites as a means of recouping the costs of protecting coastal 

landscapes. 

The growing demand for fishing as a leisure activity has also provoked conflicts over 

access to fish and coastal resources between other groups w h o are directly, or indirectly, 

involved in the fishery. The most obvious source of conflict is that between commercial 

and recreational fishers. One example is the salmon and herring beach fisheries described 

in the previous study. Other inshore fisheries, such as the south west trawl and west 

coast purse seine fisheries, are also subject to resource-sharing disputes. Debate over 

resource access also extends to non-fishing groups such as developers, conservationists, 

indigenous people, aquaculture, and industry. 

6.1.2 Study Objectives 

The purpose of this study is to develop an analytical model of recreational fishing that 

can be used to guide policy decisions about allocating resources between users and to 

formulate cost-effective ways of controlling recreational catch. The model was designed 

to estimate the welfare impacts associated with possible management changes to the 

fishery, including increases in catch rates of particular types of fish, introduction of site 

entry fees, and closure of certain sites. 

Within this broad aim, a number of more specific issues associated with the chosen 

methodology of random utility modelling are examined. In particular, the study sets out 

to investigate the role that perceptions and catch variability play in influencing an angler's 

decisions. 

A recent paper by McConnell (1995) concluded that defining subjective measures of 

quality is an important avenue for future research. Their final paragraph reads: "As we 

have argued at the beginning of this paper, the quality of a recreation site is unknown 

until a visitor arrives. In our application, we have estimated the angler's expectation by 

using experience and the historic number offish caught at the site, not the subjective 

expectation of the angler. A missing link in this area of research is connecting 

objective measures like ours with more realistic subjective assessments of quality." This 
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present study addresses this concern by eliciting anglers' expected catch rates prior to 

their fishing trips and formulating a process to describe how expectations are formed. 

Another purpose of the study was to examine whether it was possible to improve the 

explanatory power of the random utility model ( R U M ) by specifying expected catch rate 

as a time-varying attribute. Unlike other forms of nature-based recreation, quality 

aspects of fishing are not static. This is particularly true in the south west fishery where 

schools of fish travel up and down the coast. From a modelling perspective, this 

characteristic of fishing necessitates that quality attributes entering the R U M are indeed 

reflective of the prevailing conditions during a given period. Owing to the scarcity of 

time series information about fishing conditions, only a few researchers have 

incorporated time-varying attributes into a R U M (see Chapter 5). This study defines a 

week-specific measure of expected catch rate to capture the temporal nature of quality. 

6.2 Modelling Framework 

The study adopts a multi-stage modelling framework for describing an individual's 

demand for fishing. Figure 6.0 outlines the whole model, which constitutes a catch 

function, a random utility model, and a trip demand function. This method of 

incorporating trip demand was favoured over the alternative approach of including a 

participation decision in a repeated discrete choice model because of its relative 

simplicity (see Section 5.5.3). The software package L I M D E P (Greene 1995) was used 

to estimate all stages of the model. 

A random utility model is central to the analytical framework. It was used to estimate 

the "per trip" consumer surplus that anglers derive from having access to fish and sites in 

the study area. Parameters of the random utility model ( R U M ) were estimated using 

anglers' observed pattern of trips to fishing sites over a period of four months. This 

information was collected using a log book (Appendix D). Revealed preference data 

were used in favour of a stated preference experiment because it is not susceptible to 

hypothetical bias. Also, a choice experiment was thought to be unnecessary for 

generating variation in attribute levels because catch rates and travel costs were known 

to be highly variable across sites. 
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The catch rate attribute in the R U M was predicted using a production function. This 

function yielded catch expectations for each individual and site in the choice set. Catch 

rates were assumed to be an output from a process whereby anglers combine their time, 

skill, and equipment with fish stocks to catch fish. McConnell, Strand et al. (1995) 

demonstrated the usefulness of formulating an endogenous measure of catch rate rather 

than restricting all individuals to experience the same level of success at a site. 

Figure 6.0: Overview of the modelling framework used to describe an individual's demand for 

recreational fishing. 

Stage 1 

Catch Rate Function 
Models ejected catch as a 
function of fish stock and 

angler inputs 

Catch 

attribute -N 

V 

Modelling Framework 

• < 

Qtana O-

Random Utility Model 
Models the allocation of trips 
across alternatives in the 

choice set. 

Inclusive value i 
olayt: o. -

Trip Demand Function 
Models the frequency of trips 

over the survey period. 

T 

Stage 4: 

Welfare Calculation 
Access values 

Value of quality improvements 

A separate regression model was used to predict trip demand. This function was linked 

to the R U M via an inclusive value index, which measured the expected m a x i m u m per trip 

utility that the individual enjoyed from having access to all alternatives in the choice set. 

In this way, an improvement in site quality increased the value of the index which, in 
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turn, increased the predicted number of trips. Whilst it is acknowledged that this method 

can produce erroneous estimates of trip frequency (see Section 5.5.1), the alternative 

approach suggested by Feather, Hellerstein et al (1995) is quite cumbersome when there 

are many quality attributes in the utility function. 

Welfare measures were estimated using the methods developed by Hanemann (1984) and 

Small and Rosen (1981) for calculating consumer surplus from discrete choice models. 

These calculations provided estimates of an individual's per trip benefits from 

improvements in quality and access to sites. A n individual's total consumer surplus over 

a given period was calculated as the product of his/her per trip consumer surplus, 

obtained from the R U M model, and the individual's total number of trips taken to all sites 

within the study area, which was derived from the trip function. 

6.3 Specification of Choice Alternatives 

The random utility model was used to analyse three different decisions that were 

assumed to be made simultaneously by anglers every time they go fishing. These were 

the choice of region, site, and type of fish to target. The reader is referred to Section 5.1 

for more details about modelling multiple decisions. Initially it was intended that a single 

model be used to explain all three decisions but, as explained later in Section 8.3, two 

separate models were developed. The methods used to define the alternatives associated 

with each decision are explained below. 

6.3.1 Fishing Sites. 

There are many suitable locations for fishing within the study area. A creel survey 

recently conducted by the state's fishery management agency had identified a list of sites 

that were well known by anglers fishing in the study area, together with site-specific 

information about catch rates and participation levels (Ayvazian, Lenanton et al. 1997). 

These sites were therefore used as a starting point for developing a choice set. A focus 

group of nine anglers was used to verify that the set of sites were indeed appropriate to 

the angling community. After some modifications, 44 shore sites were agreed upon as 

being relevant (Figure 6.1). Some sites covered an area of up to 15 kilometres and 
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spanned multiple sub-locations. Eighteen of the sites were within 100 kilometres of the 

Perth metropolitan area and were therefore accessible for day trips. The other 26 sites 

required individuals to make an overnight stay. 

For the sake of simplicity, all individuals were assumed to have an identical set of sites to 

choose from. It is acknowledged that this could bias the random utility model if some of 

the respondents were unaware of particular sites, or w h o were physically incapable of 

accessing certain sites because they did not o w n a car. However, it was thought that 

these people would be in the minority. The relevance of each site to respondents was 

examined by questioning them prior to the survey period about their intended fishing 

destinations over the coming four months. Results of this investigation are reported in 

Chapter 7. 

6.3.2 Regions 

Six regions were specified, each representing a subset of the 44 sites described above 

(Figure 6.1). Regions were defined in accordance to boundaries used by the Fishery 

Department's creel survey (Ayvazian, Lenanton et al. 1997). In the city of Perth, the 

Swan River forms a natural divide between the northern and southern parts of the 

metropolitan area. Owing to the network of roads around the city, people tend to 

conduct most of their day-to-day activities within their region of residence. For this 

reason, the metropolitan area was split into two regions; north and south. 

The primary purpose of aggregating sites into regions was to enable expectations about 

aspects of fishing quality to be elicited from respondents. Pre-testing of the survey 

revealed that respondents found it difficult to provide expectations about the relative 

quality of fishing for every site in the study area. As a compromise, expectations about 

fish size and diversity were only elicited at a regional level. While modelling choices at a 

regional level may not be suitable for specific management decisions, it was thought that 

it would be adequate for policy making at a broader scale. 
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Figure 6.1: Map of the study area in south west Western Australia showing the location of sites 

included in the choice set, together with the boundary of each region. 
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6.3.3 Target Fish Groups. 

Popular species of fish available to shore anglers were categorised into one of four 

groups labelled as: Bread and Butter fish, Table fish, Reef fish, and Prize fish (Table 

6.0). These groupings followed the same classification used by the West Australian 

Fisheries Department, w h o categorise fish into different groups for the purpose of 

applying bag and size limits. Extensive efforts were made to ensure that the groupings 

were in fact relevant to anglers (see Chapter 7) 

Table 6.0: Classification of commonly targeted recreational species into four 'fish types'. 

G R O U P 1 (fcsl) 

Table Fish 
Skippy 
Tailor 

Tarwhine 

King George whiting 

Flathead & Flounder 
Silver bream 
Leather jacket 

GROUP 2 (k=2) 

Bread & Butter Fish 
Herring 
Garfish 
Whiting (school, 
yellow fin & sand) 
Blue Mackerel 

Yelloweye Mullet 
Bonito 

GROUP 3 (k=3) 

ReefFish 
Sweep 
Groper/Wrasse 
Snapper 

GROUP4(k=4) 

Prize Fish 
Australian Salmon 
Mulloway 
Shark 

Fish species within each category were regarded by the focus group as being reasonably 

similar in terms of their availability, habitat requirements, and their desirability as an 

angling species either in terms of eating quality or sport. Table fish and Reef fish are 

sought after for their eating quality, while species in the Prize category are highly 

regarded as sport fish because they are challenging to catch. Fish in the Bread and 

Butter group are reasonably good eating and are relatively plentiful. As such, they tend 

to form the "back bone" of the recreational fishery. 

On each trip recorded in the log book, respondents were asked to nominate what fish 

type they were targeting. They were also given a non-target option (k = 0). People 

targeting fish from more than one group were treated the same as those anglers w h o said 

they were not targeting fish of any particular type. 
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6.4 Specification of Choice Attributes 

With the assistance of the focus group, an extensive list of attributes was identified that 

was deemed to be relevant to anglers when choosing a fishing location. Unfortunately, 

not all the attributes could be included in the random utility model because some were 

too location-specific. For example, ablution facilities could not be specified as an 

attribute because many of the "sites" defined in the choice set were an aggregate of 

multiple sub-locations, some of which had facilities and others that did not. The final set 

of attributes chosen for inclusion in the analysis are summarised below. 

6.4.1 Expected Catch Rate 

One of the primary attributes of interest from a manager's perspective is the stock of fish. 

It is postulated that anglers also view the availability of fish as a critical element of their 

fishing trip; they must be satisfied that there is a non-zero probability of catching fish, 

otherwise they would not opt to go fishing. Owing to the importance of this attribute, 

four different specifications were formulated to represent anglers' catch rate expectations 

at a given site. The random utility model was then estimated using each of these 

measures to investigate which specification produced the best-fitting model. 

Ideally, a good proxy for expected catch rate should capture the fact that this attribute is 

stochastic, variable over time, and individual-specific. It would be even better if the 

proxy could be replaced with an individual's own expectation of catch rate at each site on 

a particular day. However, the majority of previous R U M studies of recreational fishing 

have used mean catch rates achieved by the sample as a proxy for expected catch rate. 

Others have based their analysis on historical catch rates that were obtained from surveys 

conducted independently to the economic survey. Both these indices have shortcomings 

because they are based on objective catch data which may not reflect anglers' catch 

expectations. Furthermore, they assume that all individuals face the same level of 

expected success at a given site which is fixed for the whole survey period. These 

assumptions are clearly unrealistic. 

The four specifications of expected catch rate formulated for this study are listed in Table 

6.1, together with a summary of their properties. The first two measures, H M C R and 
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S M C R , are mean catch rates calculated from historic data and sample data respectively. 

They are proxies for expected catch rate and assign the same expectation to all anglers 

w h o visit a given site. The sample data were collected from anglers w h o partook in the 

log book study while historic data were sourced from the West Australian fishery 

agency. A third proxy was obtained by predicting catch rate from a function similar to 

the one developed by McConnell, Strand et al. (1995). This measure was labelled Q. 

The catch function generated a measure that was individual specific and based on records 

of actual catches at each site. 

A fourth measure, EQ, was formulated using respondents' own perceptions of catch rate 

at their intended fishing site. These were elicited prior to each fishing trip. Respondents 

were also questioned about their perceptions of catch success at each of the other 

regions in the study area, but this section of the survey was not well answered. Instead, 

expectations were extrapolated to the other sites using a "perceptions function". While it 

would have been desirable to elicit expectations for each site, the perceptions function 

does have an advantage: It provides a way of linking angler's subjective assessments of a 

sites "productivity" to objective (measurable) factors, which are more relevant to policy 

makers. 

Further details of the methods used to formulate each specification of the catch rate 

attribute are provided below. Note that all the specifications listed in Table 6.1 are 

central measures of tendency, so they do not capture the uncertainty associated with 

catch success. This aspect of fishing was not considered in this study. 

Table 6.1: A summary of the four specifications of expected catch rate used in the R U M model, 

and the properties of each specification. 

Proxy: 

Notation: 

Characteristics: 

Time-variant? 

Individual specific? 

Reflect perceptions? 

Historic mean 

catch rate 

HMCR 

X 

X 

X 

Sample mean 
catch rate 

SMCR 

• 

X 

X 

Predicted objective 

catch rate. 

Q 

V 

• 

X 

Predicted perceived 
catch rate 

EQ 

• 

S 

S 
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1. Historic mean catch rate (HMCR) 

Catch and effort data for shore anglers in the study area were available from an 

independent creel survey undertaken by the West Australian Fisheries Department 

during 1995 to 1997 3. Nearly 10,000 interviews were conducted over this period. A 

sub-set of data from this survey were used to calculate a single historic mean catch 

rate for each fish type and site. The log book survey was administered over the 

spring-summer seasons, so only catch data from this period of the year were used. 

This proxy for expected quality neglects the temporal aspects of fishing, however it 

was thought that it would be a reasonable indicator of the relative productivity of each 

fishing location. 

2. Sample mean catch rate (SMCR) 

Mean catch rates were calculated for each fish type, by site and region, using data 

collected by a log book survey. At the time of designing the survey it was anticipated 

that a sufficient number of trips would be recorded at each site for reliable weekly 

means to be calculated. Unfortunately, the eventual data set only allowed weekly 

means to be calculated for regions, not sites (see Chapter 7). Relative to the measure 

based on historic means, catch rates derived from the log book sample had the 

advantage of being time-ordered and specific for the period over which the survey 

was conducted. 

3. Predicted objective catch rate (Q) 

This proxy for expected catch rate was obtained from a catch function which was 

estimated using catch and effort data from the log book survey, together with a range 

of explanatory variables. As discussed in Chapter 5, modelling catch rate via a catch 

function has been shown to produce a more realistic measure of fishing quality 

because it allows catch rate to be endogenous to the individual. The function 

-1 A complete description of this survey is documented in Ayvazian, Lenanton, et al. (1997). 
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provided an individual expectation of catch rate which was specific for fish type, site, 

and region. 

In accordance with the approach taken by McConnell, Strand et al (1995) and Kaoru, 

Smith et al. (1995), an individual's actual catch of fish type k at sitej on a trip in week 

t was assumed to be the realisation of a random Poisson process with a mean equal to 

the expected catch per trip (QT), which was later converted to a. per hour measure 

(Q) using total hours spent fishing (THOURS). The Poisson probability is expressed 

as: 

Prob [QTijk = n 1 = T e "
x /n! for n = 0,1,2,.... °° 

The factors hypothesised to influence the Poisson mean (k) were the number of hours 

spent fishing, individual characteristics, and the stock of fish of type k at the site or 

region in week t, as indicated by the mean catch rate achieved by the whole sample 

(SMCR). Specifically, X was specified as: 

X. = exp (poINPT + p\STOCKjkt + p2ln(THOURSi) + p3GEAR; + p\YEARSi + 

PsSKTLLi + (36CLUBi) 

where; 

INPT = intercept term 

S T O C K S , = the sample mean catch rate of fish type k made at site./ during week t, 
regardless of whether respondents were targeting that fish type. For anglers 

not targeting (A:=0), S T O C K = the mean catch rate of all fish caught. 

ln(THOURSi) = the log of total number of hours individual / spent fishing at sitey on the trip. 

G E A R j = the value of individual fs fishing gear. 

YEARSj = the number of years that individual i has fished in Western Australia. 

SKILL) = the self-reported skill level for individual i. 

CLUBj = a d u m m y variable to indicate whether or not individual i is a member of a 

fishing club. 
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4. Predicted perceived catch rate (EQ) 

This measure of expected fishing success was obtained from a function which was 

estimated using respondents' o w n perceptions of catch rate at a site prior to taking a 

trip, together with a range of explanatory variables. Owing to the fact that catch rate 

is uncertain until an individual commences fishing, it is hypothesised that individuals 

act upon their ex ante beliefs about their likely success. Individuals' perceptions of 

catch rate across sites are therefore likely to explain behaviour better than objective 

measures. 

Anglers were assumed to base their expected catch rate on the typical productivity of 

a site, reports in the media about fishing conditions, their ability at catching fish, and 

their familiarity with the fishery, as measured by the angler's total number of fishing 

trips to the study area over the previous 12 months. 

As for the objective catch model, a Poisson process was used to model expected catch 

per trip. In this case though, the dependent variable did not include any zero catch 

expectations because respondents were asked to nominate their expected (most 

probable) catch conditional upon catching at least one fish. Consequently, the 

estimation procedure was modified to account for the fact that the distribution of 

expectations is truncated at zero. The truncated Poisson function is given by: 

Prob[EQTijk ] = n I n > 0] = (k
a e _x /n!)/Prob [n > 0] for n = 1,2,.... °° 

where EQTijk is an individual's total expected catch per trip of fish type k at site j 

during week t. As with the objective catch function, E Q T was converted to a per 

hour measure (EQ) before passing the data onto the random utility model. T o allow 

for the conditional nature of the elicited value, catch expectations were adjusted 

downwards by the respondent's stated probability of catching at least one fish, a 

variable which was also collected prior to every trip. 
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The Poisson mean expected catch rate (X) was specified as: 

X = exp (poINPT + PiSTOCKjkt + p2ln(ETHOURS;) + p3MEDIAjkt., + p4GEARi + 

p 5 Y E A R S i + p eSKILL + p 7 C LUBi + p8TRIPS12i) 

Where; 

INPT = intercept term 

STOCK^, = the sample mean catch rate of fish type k made at site./ during week t, 
regardless of whether respondents were targeting that fish type. For anglers 
not targeting (k=0), STOCK= the mean catch rate of all fish caught. 

ln(ETHOURSi) = the log of the total number of hours that individual i intends to spend fishing at 
sitey 

M E D I A kt_! = dummy variable to indicate whether or not there have been positive reports in 
the media about fish of type k being caught at site/region j during week t-1. 
For anglers not targeting (k = 0), M E D I A = 1 if a report was made for any fish 
type, otherwise zero. 

G E A R = the value of individual I'S fishing gear. 

YEARSj = the number of years that individual i has fished in Western Australia. 

SKILL = the self-reported skill level for individual /. 

CLUBj = dummy variable to indicate whether or not individual i is a member of a 
fishing club. 

TRIPS 12t = the number of trips taken by individual i to the study area over the previous 12 
months. 

The dummy variable labelled MEDIA requires further explanation. It was created to 

capture the influence of fishing reports on angler's expectations. O n e of the most 

prominent sources of information about weekly fishing conditions in Western 

Australia appears in the state's daily newspaper. A fishing report, containing mainly 

anecdotal information about catches being made in each region of the state, is 

published every Friday. For the duration of the survey, reports were examined and 

references to sites and species were recorded in a two way table. 

The MEDIA variable was assigned a value of 1 if fish type k was reported as being 

caught at sitej during week t ,or 0 otherwise4. If the respondent was not targeting a 

fish type, then M E D I A was set to 1 if catches of any type of fish were reported at site 

4 The reports were also scanned for mention of fish being scarce at certain sites. It was thought that this 

could serve as the basis for a second 'media' variable that captured negative reports. Unfortunately, 

almost all the reports were of a positive nature so this idea was not pursued. 
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;, otherwise 0. For inclusion in the perceptions function, M E D I A was lagged by one 

week to allow for the delay between anglers reading the fishing news and going 

fishing. 

6.4.2 Trip Costs 

The trip cost variable (PRICE) was assumed to equal the fuel costs incurred by an 

individual in travelling to and from a site, plus their opportunity cost of time spent in 

transit. Fuel costs to each site were obtained from a linear regression equation which 

was estimated using data on respondents' fuel expenses and their travel distances 

(Appendix B). For the purposes of estimating this regression, trips on which expenses 

were shared were removed from the data set. Distances were derived directly from a 

map by measuring the linear distance between the centre of the individual's post code 

area and the centre of each site or region. 

Following convention, the opportunity cost of time was assumed to equal a proportion 

of an individual's hourly wage rate multiplied by the number of hours spent travelling. In 

this study two thirds of the wage rate was used as a shadow cost. Time cost was then 

calculated as follows: 

Time cost = 0.66*(Income/2080 hrs)*(distance/average km per hour) 

In calculating travel time, an average speed of 40 km/hr was adopted for sites in the two 

metropolitan regions and 70 km/hr for sites outside the metropolitan area. For employed 

individuals, income was set to the midpoint of the individual's income range (a variable 

collected by the survey). For unemployed respondents, or those not in the work force, 

income was set to zero, implying that they have a zero opportunity cost of time. 

On site costs, including time costs and direct fishing expenses (ie the variable costs of 

fishing), were not included in the trip cost variable because the number of hours spent 

fishing was assumed to be exogenous to the choice decision. In other words, an 

individual's choice of site was hypothesised to be conditional upon the number of hours 

having already being chosen. Under this simplifying assumption, site costs are constant 

across all sites and, consequently, cancel out of the random utility model. Constant costs 
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are likely to bias the choice model because, in general, the amount of time an individual 

spends fishing at a site is directly proportional to the site's distance from the individual's 

origin. The extent of this potential bias is discussed further in Chapter 7. 

6.4.3 Other Attributes 

A number of other attributes were included in the random utility models as a means of 

explaining individuals' choices (Table 6.2). It was thought that media reports of good 

fishing conditions at particular locations should have a strong influence on angler 

behaviour, particularly since most of the people in the log book sample were avid 

fishermen w h o are likely to actively seek information. 

The average size of fish and the diversity of species found at a site were also considered 

to be influential. Perceptions of these components of quality were elicited for all 

respondents at a regional level (refer to Chapter 7 for details). Unfortunately, objective 

data on these attributes was not available so comparisons between perceptions and actual 

quality were not possible. 

Previous studies have found that many anglers prefer fishing sites that are not congested. 

To capture this factor in the R U M , a congestion index was created using records of the 

number of anglers observed to be fishing at each site during the spring and summer 

months of 1995 to 1997. These data were sourced from the West Australian Fishery 

Department's creel survey. 

A dummy to indicate ownership of a beach house or similar form of accommodation 

was also included as an attribute in the R U M . It was reasoned that those respondents 

who had access to accommodation in one of the regions outside the metropolitan area 

are more likely to visit that region. The last attribute listed in Table 6.2 is the length of 

coast line associated with each site/region. It was included as a means of minimising the 

bias that is likely to be introduced by having a different number of minor access points 

within each site or region (Ben-Akiva and Lerman 1985). 
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Table 6.2: A summary of attributes used in the random utility models, other than trip cost and 

catch rate which have already been discussed. 

Variable Description 

MEDIAjkt D u m m y to indicate whether or not there have been reports in the media about 

fish of type k being caught at site/region j during week t. For anglers not 

targeting, M E D I A = 1 if a report was made for any fish type, otherwise zero. 

SIZEy Individual fs perception of the reliability of region; at producing good sized fish 

(measured on a scale of 1 to 5). 

DIVERSEij Individual i's perception of the diversity of desirable fish species available for 

capture in region j (measured on a scale of 1 to 5). 

C O N G E S T j Congestion index for region/site j, equal to the mean number of anglers observed 

to be fishing at sitej during the summer and spring months of 1995-97. 

H O U S E y D u m m y to indicate whether or not individual i owns a beach house in region j. 

C O A S T j Length of coast line (km) associated with site/region j. 

6.5 Trip Demand Model 

Trip demand was described using count models, namely a Poisson model and a negative 

binomial model. Further to the work by Creel and Loomis (1990) and Hellerstein and 

Mendelsohn (1993), these models are well suited for explaining trip frequency because 

trips are integer values, censored at zero (no negative values), and relatively few in 

number. Truncated versions of the models were estimated to allow for the fact that only 

participants were included in the survey, and therefore there were no zero values in the 

data. 

A well known limitation of the Poisson model is its assumption that the variance and 

mean of the dependent variable are equal. In the situation where variance exceeds the 

mean, parameters of the Poisson model will be biased, a problem known as "over-

dispersion" (Greene 1997). The negative binomial model circumvents this problem by 

allowing variance to be a function of the mean and an estimable parameter. If this 

parameter is found to be significant, then the data are over-dispersed and a negative 

binomial model should be used in place of a Poisson model. 
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The truncated Poisson model has the following form: 

T —X 

Prob[TripS = T]T>0]= ^ *ftoflr>0] forT= 1,2,. 

where Xi is the Poisson mean number of trips made by individual i to the study area over 

the four month survey period. The negative binomial model is a generalised form of the 

Poisson model and is obtained by introducing an individual unobserved effect (ui) into 

the conditional mean: 

Viob{Trips = T\T>G\=W P *Prob[T>0] forT= 1,2, 00 

For both models a simple linear specification for the Poisson mean (X) was used: 

logA^=P'x where x is a vector of variables explaining trip frequency. Specifically, the 

variables included in the regression were: 

h = exp(p0INPT+ p,EMPLOYi + p2INCOMEi + p3GEARj + p4CLUBi + p5YEARSi + 

p 6SHOREi + p 7RETIRE + p8IVj) 

where; 

INPT = intercept term. 

EMPLOYj = a dummy variable to indicate whether or not individual i is employed. 

I N C O M E ; = income category of individual i. 

RETIRE; = a dummy variable to indicate whether or not individual i is retired 

G E A R ; = the value of individual i's fishing gear. 

CLUB = a dummy variable to indicate whether or not individual i is a member of a 
fishing club. 

Y E A R S = the number of years that individual i has fished in Western Australia. 

S H O R E = tne proportion of individual i's trips to the study area that constituted ocean 
shore-based fishing. 

jy. = Individual i's mean inclusive value from the random utility model, which 
represents the expected per trip utility over the survey period. 

All variables in the trip demand function were individual-specific. It was postulated that 

the employment and income variables would have negative signs because anglers with a 

job generally have less time to go fishing, particularly if the job is a high-paying one. 
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This reasoning is contrary to the usual assumption that higher income stimulates more 

frequent trips. However, in this study time was thought to be a greater constraint to 

fishing frequency than income because shore-fishing is a low-cost activity relative to boat 

fishing. Preliminary correlation analysis confirmed a negative relationship between 

income and trip frequency. 

The CLUB, GEAR, and YEARS variables were included to capture the respondent's 

level of enthusiasm in fishing, and should therefore have positive signs. The variable 

S H O R E was included to account for the fact that those respondents w h o fished 

predominantly from the shore should have a higher frequency of trips in the sample than 

boat anglers. The skewness in the data is due to the removal of boat trips from the 

sample, meaning that boat anglers had a greater proportion of their trips removed than 

shore anglers. 

6.6 Concluding Comments 

This chapter contains a brief outline of the structure of a multi-stage model that was 

developed to analyse recreational fishing. In the next chapter, the survey methods that 

were used to collect data for estimating each stage of the model are described and the 

data are summarised. In Chapter 8, estimation results for the model are presented and 

Chapter 9 contains the welfare estimates, together with a discussion about the model's 

capability to measure the net benefits of recreational fishing. 
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7.1 Introduction 

This chapter comprises two sections. The first gives a detailed overview of the survey 

methods used to collect data for estimating the models discussed in Chapter 6. Topics in 

this section include: 

• Design of the survey instrument 

• Elicitation of expectations 

• Focus group and pilot testing 

• Sample frame and survey administration 

• Response rate 

The second section is a descriptive summary of the data that were collected by the log 

book survey. It reviews the characteristics of anglers w h o took part in the survey and 

compares their profile to the population of anglers who reside in Metropolitan Perth. 

Information about the general angling population was available from previous 

recreational fishing surveys that have been conducted in Western Australia. 

This section also provides an account of the respondents' fishing activities over the four 

month survey period, including their trip frequency, visitation patterns, expenses, and 

their most important reasons for choosing a site. Some time is spent investigating 

respondents' perceptions of fishing quality across each region in the study area and the 

extent to which these perceptions are correlated with objective measures. In particular, 

expected catch rates and intended on-site time are examined to see whether they are 

correlated to actual outcomes. 

7.2 Survey Methodology 

7.2.1 Survey instrument 

Data on anglers' fishing activities over a four month period were collected by issuing 

individuals with a log book (Appendix D ) . A log book method was deemed preferable to 

an intercept survey or telephone survey because it minimised recall bias and allowed 
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more detailed information to be collected about the weekly activities of anglers. A 

survey period of four months was chosen because it was suspected that participants were 

likely to lose interest in the program if the period was extended much beyond four 

months. 

The log book contained four main parts; 

1. instructions for making records, 

2. replicate "Trip Forms" (enough for 25 trips1), 

3. a calendar, and 

4. a form titled "Information About Yourself. 

Throughout the survey, respondents were requested to answer all questions from their 

own perspective and to refrain from asking other members of the household or fishing 

party to fill out the forms. A special feature of the survey was that it elicited both ex 

ante and ex post information. T o accomplish this, individuals were instructed to fill out a 

"Trip Form" before they made a fishing trip (Form A ) and to complete a second form 

immediately upon their return (Form B). The type of information collected ex ante and 

ex post is summarised in Table 7.1. Detailed data were only collected for trips that were 

taken within the study area and that constituted ocean-based shore fishing. 

Respondents were asked to indicate their intended and actual fishing location by 

choosing a site from a standard list of 44 sites. In the event that the exact location 

visited by the respondent was not listed, the respondent was instructed to choose the site 

that corresponded most closely to his/her location. It was anticipated that some of the 

respondents would occasionally make fishing trips outside the study area or participate in 

modes of fishing other than ocean-based shore fishing. In order to cater for these 

individuals, a calendar was provided so that respondents could indicate the date and 

duration of any fishing trips that did not fit the survey criteria. This provided a measure 

of the extent to which the angler relied upon sites outside the study area. 

1 Participants were advised that more forms would be posted out to them if they were needed. 
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A separate yellow form entitled "Information About Yourself was used to collect 

background information about the individual. Respondents were asked to complete this 

form upon receiving their logbook and return it immediately by mail. This fulfilled the 

dual purpose of providing individual-specific demographic information prior to the 

survey period (Table 7.2) and confirmed that the respondent had received their log book 

and had commenced recording their trips. 

Table 7.1: Summary of information collected by the Trip Forms. 

Ex ante information (Trip Form A ) Ex post information (Trip Form B) 

Date of departure 

Individual or group trip 

Whether or not respondent organised the trip 

Intended trip length (days) 

Intended daily time to spend fishing (hours) 

Intended fishing site 

Ranking of reasons for choosing a particular 

region in which to fish. 

Choice of target fish type 

Perceived probability of catching at least one 
fish of the type being targeted 

Expected catch rate of targeted fish, 
conditional on catching at least one fish of 

they type being targeted. 

Date of return 

Actual trip length (days) 

Actual daily time spent fishing (hours) 

Actual choice of fishing site 

Itemised trip expenses 

Indication of whether or not trip expenses 
were shared. 

Number of fish personally caught, by species, 

over the duration of the trip. Classified as 
kept and released fish. 
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Table 7.2: A separate form titled "Information About Yourself* was used to collect socio

economic and demographic information specific to the individual. Information on the following 

items was collected. 

• Total number of trips over the last 12 months 

• Number of trips made to each region in the study area over the last 12 months 

• Proportion of total trips to the study that involved ocean-based shore fishing 

• Ownership of accommodation in each region 

• Length of time since last fishing trip to each region 

• Ordinal rating of each region in terms of its reliability at producing good sized fish. 

• Ordinal rating of each region in terms of its reliability at producing a good range of 
desirable fish species. 

• Regions that respondent does not intend to visit over the survey period 

• Employment status 

• Income category 

• Membership with a fishing club 

• Years of fishing experience in Western Australia 

• Self-reported skill category 

• Replacement value of fishing gear 

7.2.2 Elicitation of expectations 

One of the main purposes of this survey was to measure anglers' perceptions of fishing 

quality at each site or region in the study area, and then use these perceptions as 

attributes in the random utility model. It was hypothesised that the three most important 

elements associated with the catch dimension of fishing are: 

• average abundance of fish 

• average size of fish within a species group 

• average diversity of desirable fish species 

In addition to assessing these qualities at their average, it was recognised that the 

variability in quality is also likely to be important. 

At the commencement of the survey program, respondents were asked to rank each 

region in terms of its reliability of producing: (a) good sized fish, and (b) a good range 
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of desirable fish species. Rankings were captured using a five-point Likert scale ranging 

from "very poor" to "very good". It was hoped that this question would elicit 

respondents' expected mean of each quality attribute, thereby allowing his/her perception 

of variability to weight the mean. 

As fish abundance is of primary importance to many anglers (and fishery managers), 

respondents were asked to provide an expected catch rate of their target fish type prior 

to every trip 2. Respondents were firstly asked to rate their odds of catching at least one 

fish, then asked to write down how many fish they expected to catch, conditional upon 

catching at least one fish. The exact question is reproduced below: 

This two-stage format was employed because pilot testing of the questionnaire found 

that some people had difficulties understanding the question if only asked to provide an 

expected catch without an accompanying question prompting them for a probability. 

2 Whilst it is acknowledged that both size and diversity are also likely to fluctuate over the four month 

survey period, it was considered too difficult to elicit perceptions for these attributes prior to every trip. 
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These individuals said they did not expect to catch anything on their intended fishing trip, 

which is clearly not an expected mean. By responding with a zero they were probably 

indicating that they did not have "high hopes" of catching many fish and therefore would 

not be disappointed if they were unsuccessful. This difficulty was overcome by asking 

respondents to think about their probability of catching a fish. 

The survey went on to ask for the respondent's catch expectations at each of the other 

five regions in the study area. Generally, this stage was answered poorly with only a few 

respondents providing a complete set of expectations for all regions. Refer to section 

7.3.7 for details. 

7.2.3 Focus Group and Pilot Testing 

The log book was designed with the assistance of a focus group comprising nine anglers. 

All members were Volunteer Fishery Liaison Officers who regularly assisted with 

monitoring recreational fishing activities on behalf of the West Australian Fisheries 

Department. Three meetings were held with the focus group. The first was used to 

canvas the group's opinions on such matters as how to aggregate fish together into fish 

"types" and what site attributes contribute to the overall enjoyment of fishing. With 

respect to the grouping of fish species, self-adhesive pieces of paper were used to 

represent each species of fish. These were placed on a white board and members were 

asked, collectively, to arrange the slips of paper into groups of fish that have like 

features. The final classification scheme agreed upon by the focus group was virtually 

identical to that employed by the Fisheries Department (see Table 6.0). 

At the second meeting, group members were issued with a draft version of the log book 

for pilot-testing over a period of three weeks. A third meeting was convened to refine 

the format and wording of questions in the log book. Some questions in the first draft 

proved to be confusing to the focus group. These questions were subsequently 

reworded so as to remove any ambiguity. 
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7.2.4 Sample F r a m e and Survey Administration 

The survey was not administered to a random sample of anglers. Rather, participants 

were recruited by advertising for volunteers. This approach had the advantage of 

generating a sample of anglers who were dedicated and enthusiastic volunteers, a 

necessary prerequisite for a log book survey. It also maximised the chances of obtaining 

a sample of anglers w h o focus their efforts on catching certain types of fish, which is 

helpful for estimating parameters of the random utility model. 

On the down-side though, the sampling method produced a sample that was not 

representative of the wider population of anglers. Previous surveys indicate that only 10 

to 1 5 % of the population are avid anglers. Therefore care needed to be taken when 

aggregating welfare estimates. However, biasing the sample so that it comprised mainly 

avid and skilled anglers also offered an advantage. It allowed a detailed study of this 

specialised group of anglers w h o probably account for 9 5 % of the recreational catch 

(McGlennon 1994). Clearly, this group of anglers is likely to have the greatest impact on 

fish stocks, so it is important to understand their behaviour and values. 

Advertisements for the survey program stipulated that volunteers had to; 

• be 18 years of age or older, 

• be residents of the metropolitan area, 

• primarily target marine fin-fish species from the shore, 

• be active anglers, w h o went fishing at least once per fortnight within the study area. 

The scope of the study was restricted to anglers matching this profile for a number of 

reasons. Firstly, people of 18 years or older are likely to have an independent source of 

income and be responsible for their fishing decisions. Secondly, limiting the study to 

only include metropolitan residents simplified the analysis considerably as it reduced the 

number of travel distance calculations that needed to be tabulated for the choice model. 

Thirdly, boat trips were excluded from the study because this mode of fishing was 

considered to be sufficiently different from shore angling for it to be treated as a 

separable good. In particular, boat anglers typically have access to a different range of 
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fish species than those available to shore anglers, so their inclusion would complicate the 

analysis. Finally, boat anglers are not subject to the same degree of conflict with other 

shore-based users so the problems of beach access are not as critical. 

A notable drawback of using a diary method to collect data is the possibility that 

respondents increase their number of trips and/or movement between fishing locations 

simply to satisfy the researcher. The extent of this behaviour was not formally measured, 

although respondents did not appear to substantially modify their trip frequency because 

the number of trips taken by respondents during the study period was strongly correlated 

to their trip frequency over the past 12 months. Increased movement between sites m a y 

have been a greater problem because whilst the survey was in progress, some 

respondents indicated that the log book had given them an incentive to visit "new" sites 

or to go fishing at a site they had not been to for a while. 

The sampling strategy aimed to collect information on approximately 2000 trips. It was 

thought that this target would be achievable if 300 volunteers could be recruited for the 

survey, with a 75 per cent return rate and an average of 10 trips recorded per 

respondent. While a larger sample size would have been desirable, the costs of servicing 

additional participants was outside the budget for this study, both in terms of time and 

monetary costs. 

The survey program was advertised in a wide range of media, including the fishing pages 

of the state newspaper, fishing magazines, fishing club newsletters, radio interviews, 

leaflets at a fishing exhibitions and tackle shops, and articles in local newspapers. As an 

added incentive to attract volunteers, people were offered the chance to win $500 worth 

of fishing tackle if they mailed back their log book prior to the finish date and had made a 

genuine, sustained effort over the four month period to record their fishing trips. 

The survey was conducted during the spring and summer months of September 1997 to 

December 1997 inclusive. The majority of participants commenced recording their trips 

on September 1st but some "late entrants" were accepted into the program. These 

individuals started (and finished) several weeks later than the main body of the sample, 

which meant that data were collected for a total period of 20 weeks. Unfortunately, the 
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timing of the survey did not coincide with peak levels of fishing activity, which previous 

surveys have shown to occur in autumn. The survey could not be delayed until autumn 

because of funding constraints. However, this did not seriously jeopardise the results of 

the survey because the fishery is based on multiple species and operates year-round. 

In order to maximise the response rate and maintain respondents' enthusiasm, all 

participants in the survey program were telephoned at least twice over the survey period. 

A follow-up call was made within a fortnight of issuing the log book, then another call 

was made mid-way during the survey period. Some participants needed several calls to 

remind them to return their log books. 

7.2.5 Response Rate. 

Despite widespread advertising, the target number of 300 survey participants was not 

met. Only 135 anglers volunteered for the program, and 18 of these were not included in 

the choice modelling data set because they resided in country regions3. Their catch data 

were, however, included with data from the metropolitan respondents to calculate mean 

catch rates for sites. 

86 useable log books were returned, representing a response rate of 64%. The log 

books yielded 903 trips for analysis, an average of 10.5 trips per respondent (Figure 7.1). 

While the response rate fell slightly short of the target rate of 7 5 % , the response 

compares favourably to other studies that have used log books to collect data over an 

extended period (Jones & Stokes Associates 1991; Adamowicz 1994). It was not 

possible to determine how diligent respondents were at filling out the trip forms, but 

telephone conversations with the participants suggested that the majority of people made 

a concerted effort to make a record every time they went fishing. 

3 Although the advertisements stipulated that volunteers must reside in the metropolitan area of Perth, 

country residents nevertheless applied to be part of the study. 
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Figure 7.1: Diagram showing how the sample of trips was generated. Log books were classified as 

"useable" if the respondent made at least one trip in the study area and made at least one complete 

entry in the log book. 
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7.3 Summary of the Data 

7.3.1 Profile of Individuals in the Sample 

It was suspected that the anglers w h o volunteered to participate in the log book survey 

may have different socioeconomic characteristics and fishing behaviour relative to a 

sample of anglers randomly selected from the wider angling population. It is desirable to 

know the extent and direction of these differences before extrapolating results from the 

survey to the larger recreational fishing sector. 

Two random surveys of recreational fishermen have been conducted over the last 

decade. In 1987 the Australian Bureau of Statistics (ABS) surveyed 9268 households in 

Western Australia to assess the number of people aged 15 years or over w h o participate 
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in recreational fishing4. At the same time, a detailed analysis of their characteristics was 

carried out. A second survey was conducted by Lindner and McLeod in 1989. This 

survey collected data on the characteristics of 400 randomly selected anglers as part of 

an economic impact study. Together, these studies provide a profile of the recreational 

fishing sector, against which the more specific log book sample of 71 anglers can be 

compared. 

As described earlier, the log book survey intentionally over-sampled those anglers who 

go fishing frequently and who predominantly fish from the shore. Figures 7.2 and 7.3 

indicate the extent of this over-sampling. To summarise, 5 5 % of anglers in the log book 

sample said they went fishing on at least 26 days over the previous 12 months, while only 

1 5 % of anglers in the population fish this frequently. The proportion of shore anglers in 

the log book sample was 7 3 % which is only marginally greater than the proportion that 

exists in the wider angling population5. Despite advertising for volunteers who 

predominantly fish from shore, approximately 2 0 % of the sample declared that they are 

mainly involved in boat fishing6. This is a natural consequence of selecting for avid 

fishermen, because in Western Australia previous surveys have shown that boat anglers 

tend to go fishing more frequently than shore-based anglers. 

4 A similar survey of 500 households was repeated in 1997 by Reark Research (1997). Unfortunately 

the question format used by this survey was not identical to the 1987 survey so it is not possible make 

direct comparisons. 

5 Anglers were categorised as predominantly shore fishermen if >=70% of their trips were shore-based; 

mixed boat/shore if 30-70% of trips were shore-based, and predominantly boat if < = 3 0 % of trips were 

shore based. 

6 It was decided to retain these anglers in the sample as they did, in fact, partake in some shore fishing 

activity. 
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Figure 7.2: Annual fishing frequency of 

anglers in the log book sample relative to 

the whole recreational fishing sector, as 

measured by the 1987 A B S survey. 

Figure 7.3: Mode of fishing of anglers 

in the log book sample relative to the 

whole recreational fishing sector, as 

measured by the 1987 A B S survey. 
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Another criteria used for selecting volunteers was their choice of fishing destination. The 

advertisement stipulated that participants must predominantly fish in the metropolitan 

and south west regions of the state. Therefore, it was expected that anglers in the 

sample would have a disproportionately high level of activity in the study area relative to 

a sample of anglers selected at random. The study by Lindner and M c L e o d (1991) 

provided a benchmark against which to compare the log book sample. It asked 

respondents to indicate what proportion of their total fishing time they spent in each of 

six regions of Western Australia7. This survey showed that metropolitan anglers spend 

almost 3 0 % of their fishing time outside the study area, which is approximately double 

the proportion of log book trips that were taken outside the study area (Figure 7.4). 

Hence, the recruiting program appears to have achieved its aims. 

7 It is acknowledged that "number of trips" and "fishing time" are different measures of effort. 

However, it is considered that data from the two surveys still provide a useful basis on which to compare 

angler's allocation of fishing effort across regions. 
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Figure 7.4: Allocation of fishing effort within 

and outside the study area by anglers in the log 

book survey relative to the whole recreational 

sector, as measured by Lindner and McLeod 

(1991). 

Figure 7.5: Employment status of anglers in 

the log book sample relative to the whole 

recreational fishing sector (ABS, 1987) and the 

general population (ABS Census, 1996). 
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The log book sample was also examined to see h o w the employment status and income 

levels of individuals compared to the general population of metropolitan Perth. Figure 

7.5 shows that in terms of employment status, the log book sample was reasonably 

representative. In terms of income, the log book sample contained a disproportionately 

large number of people earning an income of $30,000 to $35,000 relative to the general 

population (Figure 7.6). This could be due to the fact that only people aged 18 years or 

over were selected for the study, while the age threshold for census data is 15 years. 

Furthermore, almost all the anglers in the sample were males so one would expect the 

average income of the sample to be higher than the general population. 
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Figure 7.6: Income distribution for anglers in the log book sample relative to the population of 

Perth people aged 15 years or over (ABS Census, 1995). Three respondents did not declare their 

income and they were removed from the sample. 
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Collaborating data from other surveys were not available for some characteristics 

collected by the log book survey. These characteristics include the angler's self-reported 

skill level, years of fishing experience in Western Australia, value of fishing gear, and 

membership of a fishing club. With reference to the figures below, it can be seen that the 

majority of anglers participating in this study were highly skilled (Figure 7.7); over 50% 

of the sample had 20 years of experience (Figure 7.8); and almost 40% had gear valued 

at $2000 or greater (Figure 7.9). Furthermore, 20% of the participants belonged to a 

fishing club. 

Figure 7.7: Proportion of anglers in the log 

book survey that belong to each skill category. 
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Figure 7.8: Frequency distribution of anglers 

in the log book survey, categorised according to 

years of fishing experience. 

Figure 7.9: Frequency distribution of anglers in the 

log book survey, categorised according to their value 

of fishing gear. 
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7.3.2 Trip Frequency 

Respondents made and average of 10 trips to the study area over the four month survey 

period. The median was 7 trips. Approximately 1 0 % of respondents recorded over 20 

trips and together these individuals accounted for 3 0 % of all trips (Figure 7.10). 8 % of 

the respondents only made 1 or 2 trips. Upon returning their log books, these 

participants indicated that they had anticipated making more trips, but due to personal 

reasons or work constraints, they were unable to go fishing. 
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Figure 7.10: Frequency histogram of the number of trips made by respondents to locations within 

the study area over the four month survey period. 

Trips 

7.3.3 Visitation Patterns 

Upon examining respondent's visitation patterns, it was found that almost 9 5 % of the 

trips made by anglers over the survey period were day trips, reflecting the fact that most 

of the fishing activity took place within the Perth metropolitan area. Figure 7.11 shows 

that almost 7 0 % of trips were taken to the two metropolitan regions, while only 1 5 % of 

trips were made to the southern regions of Mandurah, Bunbury, Busselton, and Augusta. 

Despite the fact that the southern regions were not frequently visited, they were 

nevertheless an important destination for a significant number of anglers. For instance, 

3 0 % of respondents visited Mandurah region at least once during the survey period, and 

1 7 % made at least one visit to Busselton (Figure 7.12). 

Anglers who participated in the study commented that the survey was conducted over a 

period of the year when few anglers ventured south, and suggested that it would have 

been better to run the survey during the autumn months when fishing conditions in the 

south are at their best. This assertion may indeed be true in terms of the absolute 

number of trips but Figure 7.11 illustrates that there was very little difference in the 

proportion of trips allocated to each region over the survey period relative to the 

previous 12 months. Therefore, data collected over the four month survey period should 
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be reasonably representative of the pattern of visits made by anglers in the sample over 

the entire year. 

Prior to the commencement of the log book survey, respondents were asked whether 

there were any regions in the study area that they had no intention of visiting over the 

survey period. Approximately half of the sample said they had no intention of visiting 

the southern-most regions, namely Bunbury, Busselton, and Augusta (Table 7.3). This 

came as a surprise because the survey period coincided with Christmas and the school 

holidays, which is traditionally a popular time for Perth people to visit the south west of 

the state. 

Although a significant proportion of the respondents did not intend to visit one or more 

of the regions, this does not automatically imply that choice sets should be defined 

separately for each individual. As discussed in Chapter 5, it is standard practice to retain 

sub-optimal alternatives in the choice set (because they are necessary for revealing 

information about an individual's trade offs), but to remove sites that are completely 

unfamiliar to the individual. Unfortunately, it was not possible to decipher which of 

these two reasons caused a respondent to rule out a visit. 

Figure 7.11: Comparison of how trips were 

allocated across regions during the four month 

survey period versus the 12 months 

immediately prior to the survey. 

Figure 7.12: The proportion of respondents 

who made at least one trip to each region in the 

study area. 
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A n interesting dimension of recreation is the extent to which people form habits or seek 

variety with their outings. In this study approximately a quarter of the sample habitually 

chose to fish at only one site in the study area. About an equal proportion were highly 

mobile and visited four or more sites over the survey period (Figure 7.13). This latter 

group are probably more inclined to pursue their target fish and "go where the fish are 

biting", whilst the former group are sedentary anglers with less ambition to seek out fish. 

Figure 7.13: Frequency histogram of the 

number of sites chosen by respondents during 

the survey period. 
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7.3.4 Reasons for choosing a site 

Prior to each trip respondents were asked to rank their top four reasons for choosing to 

visit a particular region on their trip. Rankings were provided for approximately half of 

the trips recorded and are plotted in Figure 7.14 8. B y far the most c o m m o n reason that 

was given a top ranking was; "This region offers a good chance of catching the type of 

fish I am targeting". This reason was ranked number one on almost 5 0 % of the trips. 

The other reasons that were commonly given a high ranking were: "The cost of 

travelling to and from this region fits my budget", "On this occasion this region offers a 

8 For the other half of trips, respondents either failed to give a complete ranking or simply ticked the 

reasons without indicating their order of preference. 
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good chance of catching good sized fish", and "On this occasion the travel time to and 

from this region fits the time available to me". Rankings data were not incorporated 

into the choice model, but it served to identify which attributes respondents considered 

to be important when choosing a fishing location, and the trade offs they made between 

these attributes. 

Figure 7.14: The "importance ranking" given by respondents' to reasons for visiting their chosen 

fishing location on a particular trip. The chart shows the proportion of trips for which each reason 

was ranked first or second in importance. 
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7.3.5 Trip Costs 

Respondents spent, on average, $10.30 per trip on fuel and fishing related expenses 

whilst at a site (Table 7.4). The split between these cost items was approximately equal. 

The survey revealed that time spent at a site was directly proportional to the distance of 

a site from the respondent's residence. Hence, fuel costs were lower for those trips 

which lasted under 2 hours. As expected, on-site costs were also significantly lower for 

short trips. The relationship between time spent on-site and travel distance suggests that 

a substantial amount of bias may be introduced into the R U M if on-site time (and hence 

on-site costs) are not allowed to vary across sites. Using "fuel only" costs as the price of 

access greatly underestimates the cost of visiting distant sites. Despite this, including on-
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site time as a choice variable adds considerable complexity to the R U M . A s such, it was 

left out of the specification of access price. 

Table 7.4: Mean expenditure on day trips ($/angler/day), by time spent on-site. Means exclude 

those trips on which anglers shared expenses, n = number of trips in sample. On-site costs include 

the value of lost tackle, bait & ice, food & beverages, and accommodation. 

Cost item 

Fuel 

On-site costs 

Total costs 

Time spent on-site 

< 2 hours £ 2 hours 

(n = 153) (n = 442) 

1.19 5.54 

1.60 7.34 

2.79 12.88 

All trips 

(n = 595) 

4.42 

5.86 

10.28 

7.3.6 Catch Statistics 

Mean catch per hour, by fish type. 

The log book survey collected data on the number and type of fish caught by 

respondents on each trip, together with the type of fish being targeted. The number of 

hours spent fishing was also recorded, which enabled catch rates to be calculated. Table 

7.5 shows that Bread & Butter fish accounted for over 5 0 % of the total catch (by 

number), while Table Fish made up just over 3 0 % . In terms of the most frequently 

targeted fish type, the order was reversed: Table Fish were targeted on approximately 

4 4 % of the trips, while Bread & Butter fish were only sought after on 2 2 % of trips. O n 

a third of trips, respondents were not targeting any particular type of fish.9 

These results demonstrate that respondents prefer Table Fish, although Bread and Butter 

fish are more abundant. Catch rates for Bread and Butter fish were approximately twice 

that of Table fish, reflecting the relative abundance and catchability of these two types of 

9 The target choices are mutually exclusive. That is, respondents targeting fish from both the Bread & 

Butter and Table categories were included in the non-target group. 
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fish. It is interesting to note that the mean catch rate of Bread and Butter fish is almost 

doubled if anglers were targeting that type of fish, compared to those trips on which 

anglers were not targeting. Targeted catch rates of Table fish were also significantly 

higher. 

Owing to the time of year at which the survey was run, very few trips were recorded on 

which Prize and Reef were being targeted. One popular Prize species is Australian 

salmon. It migrates up the west coast during Autumn and is virtually unavailable during 

the spring and summer months. A s a consequence, catches of these types of fish were 

minor. 

Table 7.5: Selected catch statistics for each fish type. Statistics are based on 86 respondents who 

made a total of 903 trips in the study area. Both metropolitan and country residents are included 

in the data set. 

Fish Type 

Table fish 

Bread & Butter 

Reef fish 

Prize fish 

Other 

All species 

Number 

caught A 

2762 

4735 

158 

169 

883 

8707 

Per cent of 
total catch 

(by number) 

32% 

54% 

2% 

2% 

10% 

100% 

Mean catch/hr (SE) 

Targeted 

1.2(0.09) 

3.0(0.31) 

0.7 (0.27) 

0.2 (0.09) 

n/a 

n/a 

Non-targeted 

0.8 (0.05) 

1.6(0.11) 

0.04(0.01) 

0.04(0.01) 

0.3 (0.06) 

2.8(0.12) 

Frequency of choice 
as target (% of trips) 

41% 

22% 

1% 

3% 

n/a 

n/a 
Ar. .i_ i_ y. J i J i-._t : _I..J_J :_ .L:. c. A Both kept and released fish are included in this figure. 

Mean catch per hour, by region 

Mean catch rates of each fish type were also calculated for each of the regions in the 

study area (refer to the m a p on page 116 for the location of these regions). For both 

Table Fish and Bread & Butter fish, catch rates were notably higher in the southern 

regions relative to the two metropolitan regions in the north (Table 7.6). However, the 

means for the southern regions should be treated with caution because they are based on 

very few trips and have high standard errors. 
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Table 7.6: Mean catch rates by region and fish type, based on 86 respondents. Means are 

calculated over all trips made by individuals who visited a particular region. Catch rates are not 

conditional on a fish type being targeted. 

Region 

N. Metro 

S. Metro 

Mandurah 

Bunbury 

Busselton 

Augusta 

No. Trips 

375 

280 

159 

19 

34 

36 

Mean catch rate (fish/hr), and SE in brackets. 

All species 

2.4 (0.15) 

2.6 (0.20) 

3.3 (0.43) 

4.3 (0.89) 

4.2 (0.60) 

4.0 (0.68) 

Table fish 

0.7 (0.08) 

0.8 (0.09) 

0.8 (0.11) 

1.2 (0.42) 

1.1 (0.19) 

1.3 (0.26) 

Bread & Butter fish 

1.4 (0.13) 

1.4 (0.16) 

1.9 (0.11) 

3.0 (0.81) 

2.0 (0.43) 

2.3 (0.73) 

Mean catch per hour, by site 

In a third analysis, mean catch rates were calculated on a "site-by-site" basis and 

compared to historic catch rates recorded by the West Australian Fishery Department's 

creel survey (Ayvazian, Lenanton, et al. 1997). The charts in Figure 7.15 graphically 

illustrate the pattern of abundance of Table fish and Bread & Butter fish across the 

metropolitan and Mandurah sites. The values used to generate these charts are tabulated 

in Appendix C. 

In the case of Table fish, mean catch rates derived from the log book sample were 

notably higher than historic means. This could be due to one, or a combination, of the 

following reasons: Firstly, anglers who participated in the log book survey were 

probably more skilled, on average, than anglers in the general population. Secondly, one 

of the most dominant species of the Table fish category is tailor, and it is known that 

1997/98 was a better season for tailor than the previous three seasons. A third 

explanation could be that the creel survey only interviewed anglers during daylight hours, 

which is not the optimum time for catching tailor. By comparison, the log book survey 

was not restricted to day time hours. 
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Figure 7.15: Comparison of sample m e a n catch rates from the log book survey alongside historic 

catch rates from the Fishery Department's creel survey. Note there were no historic data available 

for W o o d m a n ' s Pt. or Long Pt. 
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Despite historic catch rates of Table fish being generally lower than those recorded by 

the log book survey, both measures indicate a similar pattern of relative abundance 

across sites. The exceptions to this generalisation are Mandurah South and Preston 

Beach. For these sites sample catch rates moved in the opposite direction to historic 

catch rates and indicate that Table fish are relatively more abundant. In the case of 

Bread and Butter fish, the two data sets were comparable and reflected a similar pattern 

of abundance across sites with the exception of Pinnaroo Point, Cockburn Sound, and 

Mandurah South. 

This assessment of fish abundance across sites provided partial support for using sample 

means rather than historic mean catch rates in the random utility model because the 

relative abundance of fish across sites appears to be variable from one season to the next. 

This being the case, the sample means should be better at capturing site differences over 

the season during which the log book survey was conducted. The support is partial 

because only a subset of sites show seasonal variation. 

Mean catch per hour, by week 

In order to examine how fish abundance changed over the short term, weekly means 

were calculated for the three northern-most regions in the study area. These are depicted 

by the time series charts in Figure 7.16 10. The charts show that catch rate was variable 

both spatially and temporally. It is interesting to note that the catch rate of Table fish 

tended to increase towards the end of the survey period, while the abundance of Bread 

and Butter fish appeared to decline. The variability of catch rates over time strengthens 

the case for using a dynamic measure of abundance in the choice model as opposed to a 

static one. 

10 The other regions did not receive a sufficient number of trips to allow weekly means to be calculated. 

The values used to generate the charts in Figure 7.15 are tabulated in Appendix C. 
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Figure 7.16: Weekly mean catch rates of three different fish groups for the two metropolitan 

regions and Mandurah. The dates correspond to the Friday of each week of the survey. 

Fish/hr 

6.0 T 
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Mean catch per day trip 

The daily catch of anglers participating in the log book survey was found to be well 

below their daily bag limit. At the time of the survey, the bag limit for each fish 

belonging to the Table category was 20 fish per day, and twice this number for the Bread 

and Butter category". Figure 7.17 shows that average catches of Table fish amounted to 

fewer than 4 per day on approximately 6 0 % of trips. This estimate includes released fish. 

Similarly, for Bread and Butter fish, average catches averaged fewer than 4 fish per day 

on 4 0 % of trips. These low catch rates indicate that bag limits are not a binding 

constraint to anglers. 

The cumulative catch of each target group is also plotted in Figure 7.17. This 

demonstrates that, regardless of fish type, 2 0 % of the total catch was made on 

approximately 3 % of the trips. This is a common finding of recreational fishing surveys, 

and indicates that a very small proportion of individuals take a significant proportion of 

the total catch (McGlennon 1994). 

Figure 7.17: Frequency histogram of targeted catch rates, expressed as catch per trip, for Table 

fish and Bread and Butter fish. Cumulative catch is also shown. The catch rates for Table fish are 

based on 286 day trips, while those for Bread and Butter fish are based on 173 day trips. 
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1' The bag limit on tailor, a popular species belonging to the table fish category, has now been reduced 

to 8 fish per day. 
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7.3.7 Expectations Data 

Expected catch rate 

This section of the survey was quite well answered. Only four respondents had trouble 

providing an expectation of their catch success at the site they intended to visit prior to 

leaving for their trip. They either gave a zero probability of catching a fish, a zero catch 

rate, or left the question blank. Responses of this type were given on a total of 11 trips, 

which were removed from the data set. Unfortunately, the question asking respondents 

to give an expected catch rate for sites in regions other than the one they intended to 

visit was poorly answered. Consequently, as described in Section 6.4.1, expectations 

were extrapolated to the other regions using a perceptions function. 

Anglers were found to be quite accurate at predicting their catch success. The 

correlation between respondent's expected and actual catch rate of their targeted fish 

type was 0.546, which is significant at the 1 % level12. In order to examine this 

relationship in more detail, a frequency histogram of the difference between actual and 

expected catch rate (or net catch rate) was constructed for Table fish and Bread and 

Butter fish (Figure 7.18). The histogram shows that the mode of the distributions for 

both fish types is zero, meaning that for the majority of trips there was no difference 

between expected and actual catch rate. However, the mean value of net catch rate is 

0.1 for Table fish and 0.6 for Bread & Butter fish, indicating that actual catch rates 

slightly exceeded expectations on average. 

The extent of difference between mean expected and actual catch rates for each region is 

summarised in Table 7.7. Expectations were significantly lower than actual catch rates 

for four of the regions in the study area. More importantly, from a choice modelling 

perspective, respondents perceived the relative abundance of fish at each region to be 

different to actual abundance. 

12 In order to make conditional expectations comparable to actual catch rates, which include zero catch 

outcomes, expectations were adjusted downwards by the angler's reported probability of catching at least 

one fish. 
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Figure 7.18: Histogram of 'net catch rate' for two different target fish types, where net catch rate 

is defined as the amount by which actual catch rate exceeded or fell short of expectations. 
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Table 7.7 : Comparison of mean actual and expected catch rates for each region in the study area. 

A paired t test was used to test for difference between means. Trips with zero catch expectations 

were removed from the sample. 

Region 

N. Metro 

S. Metro 

Mandurah 

Bunbury 

Busselton 

Augusta 

No. Trips 

363 

274 

155 

18 

31 

35 

Targeted catch rates (fish/hr) 

Mean actual 

2.09 

2.00 

2.74 

4.17 

2.67 

3.59 

Mean expected 

2.05 

1.50 

1.60 

2.11 

1.44 

2.52 

t test statistic. 

0.31 

3.42" 

3.38 " 

2.64* 

2.67 " 

1.98 

* denotes significance at the 5 % level 

** denotes significance at the 1% level. 

The survey also provided evidence that anglers differentiate between fish species in terms 

of their catch variability. With respect to the fish types labelled in Figure 7.19, there was 

a clear upward trend in the perceived riskiness of catching Reef and Prize fish, as 

opposed to Bread and Butter fish. This can be seen by examining the proportion of trips 

on which respondents gave a low probability (0.2) of catching their target fish type. For 

example, a catch probability of 0.2 was assigned to only 1 1 % of trips on which Bread 
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and Butter fish were targeted as opposed to 2 5 % and 6 0 % of trips on which Table fish 

and Prize fish, respectively, were targeted. These results are consistent with prior 

information about the relative abundance and catchability of these fish types. In addition, 

mean realised catch rates were significantly higher for those trips on which the 

respondent predicted a high probability of success (not shown). This trend was true 

across all fish types. 

Figure 7.19: Relationship between respondents' nominated probability of catching at least one fish 

of the type of fish he/she was targeting. Chart shows, for each target group, the proportion of trips 

which were assigned a probability 'P' of catching at least one fish. 

Not B&Bfish Table Reef fish Prize fish 
targeting fish 

Expected length of stay 

There was a strong positive correlation (0.845) between the number of hours 

respondents intended to spend fishing and their actual time on site. However, anglers 

adjusted their intended hours of fishing on a significant proportion of trips, possibly in 

response to realised fishing conditions. O n 5 8 % of trips, respondents changed their mind 

about the average daily number of hours they intended to spend fishing at a site. O f 

these trips, 1 9 % were of a longer duration and 3 9 % were cut short. T o investigate the 

size of adjustment, the difference between actual and intended fishing time (net hours) 

was calculated for each trip. Figure 7.20 is a frequency histogram of this variable. Both 
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the mode and mean of this distribution are zero, indicating that for the majority of trips 

anglers do not significantly deviate from their intended length of stay. 

In the instances where respondents adjusted their on-site time, it was thought that 

anglers could be responding to their realised level of catch success. For example, anglers 

might stay fishing longer than intended if their actual catch rate exceeded their 

expectations. The data did not support this hypothesis as there was no correlation 

between the net number of hours a respondent fished (actual minus intended time) and 

net catch rate (actual minus expected catch rate). 

Figure 7.20: Frequency histogram of 'net hours', where net hours is defined as the difference 

between respondents' actual and intended fishing time (hours per day). 

Net Hours 

Perceptions offish size and diversity 

All participants in the survey answered the questions on perceptions of fish size and 

diversity, although a significant number of respondents ticked the "don't know" box for 

particular regions (Figure 7.21). A large proportion of the "don't knows" were given by 

respondents w h o rarely, if ever, visited the region in question, thereby indicating their 

lack of familiarity with the region. One way of dealing with missing perception data in 

the random utility model is to replace missing data with modal values from the sample 

(eg. Adamowicz, Swait et al. 1997). However, in doing this the researcher imposes an 
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expectation on some respondents which may, in fact, be at odds with their true 

evaluation of a region. 

An alternative procedure is to set the size and diversity attributes to zero for those 

people w h o give a "don't know" response. The present study took this approach. It can 

be justified if the reason for these anglers deciding not to visit a region is that, in their 

opinion, fishing in the region is poor (or at least not outstanding). Although all 

participants in the survey were given the opportunity to rate a site as "poor", it is 

suspected that respondents w h o were unfamiliar with a region were reluctant to give a 

rating because they were not confident about their beliefs13. 

In order to ascertain whether it was valid to assume zero values for "don't know" 

responses, two d u m m y variables were included in the utility function (one for size and 

the other for diversity). The dummies identified those respondents w h o gave an "I don't 

know" response. It was reasoned that if the dummies were statistically significant, then 

the people w h o gave an "I don't know" response belong to a separate group and their 

answers cannot be inferred as zero values. O n the other hand, if the dummies were non

significant, then this would suggest that the "don't knows" are synonymous with a low 

level of perceived quality. The results of this analysis found the d u m m y variables to be 

non-significant, thereby supporting the decision to assign zero values to "don't know" 

responses. 

Of those respondents who did provide a rating, most (65%) rated the size and diversity 

of fish in the study area as fair or good. Furthermore, they did not perceive these 

attributes to vary by much across regions. T o illustrate, Figure 7.21 shows h o w anglers 

rated each region's reliability at producing good sized fish. All regions were rated as 

good or very good by 30 to 3 5 % of respondents, with the exception of Bunbury which 

was rated as good or very good by only 1 5 % of respondents. A large proportion of 

13 In the course of telephone conversations with survey participants it became apparent that many 

respondents felt they were not qualified to give an informed opinion about the quality of regions they 

seldom visited. 
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respondents were unable to give a rating for Bunbury, Busselton and Augusta, signalling 

that they were unfamiliar with these locations. This is understandable because these 

regions are 100 to 350km south of the metropolitan area. Respondents gave a very 

similar of pattern ratings for fish diversity (not shown). 

Figure 7.21: Respondents' perceptions of how each region rates in terms of its reliability of 

producing good sized fish. Perceptions were measured on a scale of 1 to 5 (1 being very poor and 5 

being very good) 

7.4 Concluding Comment 

A total of 903 trips were collected by the log book survey for estimating parameters of 

demand model described in Chapter 6. However, it was decided to exclude the three 

southern-most regions from the choice set (i.e. Bunbury, Busselton, and Augusta) and 

only retain trips that were made to closer regions. This action was taken because only 

2 0 % of day trips were taken to the southern regions, making it impossible to calculate a 

reliable measure of mean catch rate for these distant sites. 

It is possible that estimates of parameters in the RUM, particularly the price coefficient, 

could be biased by excluding distant sites from the choice set. However, Parsons and 

Hauber (1998) found that excluding sites that were further than a 1.5 hour drive from ar 
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individual's origin did not substantially change parameter values. Removing sites that fell 

within this threshold travel time had the effect of biasing the price coefficient upwards. 

In their original sample, 9 5 % of trips were taken to sites within the 1.5 hour threshold. 

In the present study a similar situation exists; 8 0 % of trips are made to sites within a one-

hour drive from Perth, and sites beyond this threshold are removed. Consequently, 

limiting the choice set to only include the three northern-most regions should not 

significantly bias the choice model. 

Full details of the sites that were retained in the choice model are presented in the next 

chapter. Chapter 8 also contains a set of estimation results for each stage of the demand 

model. 
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8.1 Introduction 

In this chapter estimation results are presented for three stages of the modelling 

framework described in Chapter 6. These are: 

1. the objective and perceived catch rate functions, 

2. the random utility models and, 

3. the trip demand function. 

Recall that the objective catch rate function used respondents' actual catch rates to infer 

individual expectations of catch success at each site, while the perceptions function used 

respondents' expected catch rate as the dependent variable. The latter enabled each 

individual's perception of their mean level of success to be predicted for each site in the 

choice set. For each catch rate function, both fixed and time-varying proxies for fish 

abundance were used, producing a total of 4 different models. It was thought that 

weekly mean catch rates should serve as a better proxy for fish abundance than an 

average constructed over the whole survey period (the fixed specification). 

Two types of random utility models were developed; a site/region RUM and a 

region/target R U M . In turn, six different versions of each R U M model were constructed 

to assess the sensitivity of parameters and welfare estimates to different ways of 

specifying the catch rate attribute. The following hierarchy of hypotheses was 

formulated: 

A. Mean catch rates achieved by anglers who participated in the survey serve as a better 

proxy for expected catch success than historic means. 

B. Weekly mean catch rates serve as a better proxy for expected catch success than a 

fixed mean calculated over the whole survey period. 

C. Individual-specific catch rates generated by a catch function serve as a better proxy of 

expected catch success than mean catch rates calculated over the whole sample. 

D. Catch rates predicted by the perceived catch function serve as a better proxy of 

expected catch success than values generated by the objective catch function. 
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Each of the hypotheses above involve a comparison between two non-nested models. 

The hypotheses were tested using a technique developed by Horowitz (1983) for testing 

non-nested models. The models were also compared by examining the extent to which 

signs on their coefficients agreed with theoretical expectations. In this chapter, the 

"best" models are identified for later use in calculating welfare, the details of which 

appear in Chapter 9. 

Lastly, estimation results of the trip demand function are reported. Two models were 

estimated, one which used inclusive values from the "best" site/region R U M as a 

regressor for explaining trip frequency, and the other that obtained its inclusive values 

from the "best" region/target R U M . 

Immediately preceding the results of each stage, details about the data used for 

estimating the models are documented, together with an outline of the specific 

hypothesis that were examined by each model. 

8.2 Catch Rate Functions 

8.2.1 Estimation data 

T w o types of catch rate functions were estimated. The first was an objective catch 

function which used anglers' actual catch rate outcomes for the dependent variable. The 

second, a perceptions function, used anglers' ex ante catch rate expectations for the 

dependent variable. Refer to Section 6.4.1 for a full description of the model structure 

and variables used. 

The primary variable hypothesised to be responsible for explaining respondents' 

expectations and actual catch rates was the stock of fish at each site. Mean catch rates 

attained by the sample were used as a proxy for fish stocks, specific for fish type and site. 

Catches were included in the means regardless of whether an individual was targeting 

that fish type or not. This was necessary because of the small number of trips recorded 

for some sites. 
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Owing to the fact that the availability of certain fish species in the study area varied over 

short periods, it was reasoned that a catch function based on a weekly measure of fish 

stock should perform better at explaining expectations and outcomes than a function 

based on a fixed measure of stock. To examine this hypothesis, catch functions were 

estimated using each type of measure for fish stock and compared on the basis of their 

goodness of fit and statistical significance of coefficients. Prior to conducting the survey 

it was anticipated that weekly mean catch rates could be calculated for each site, 

however, this was not possible because not all sites received a sufficient number of trips. 

Weekly means were therefore developed at the regional level, while the static measures 

of fish stock correspond to each site in the choice set. 

The models were estimated with catch data from trips taken by both metropolitan and 

country residents, however, only trips taken to the three northern-most regions in the 

study area were included in the data set as these were the regions that were the focus of 

the random utility model. In total, 766 and 742 trips were available for estimating the 

objective and perception functions respectively. Fewer trips were available for the 

perception function because some respondents did not provide an expectation of their 

catch rate. 

Prize and Reef fish were excluded from both models because it was not possible to 

establish a reliable indicator of abundance for these fish types. This stemmed from the 

fact that Prize and Reef fish were rarely caught by respondents during the survey period. 

For the other types of fish (Table, Bread and Butter, and non-targeted) a c o m m o n 

coefficient on the stock variable was estimated. This restriction could introduce some 

bias as the catchability is likely to differ across fish groups, however, there were too few 

observations in the data to estimate separate coefficients. 

A variable of particular interest in the catch functions was on-site time. A scatter plot of 

catch per trip and hours on-site indicated diminishing returns to time spent fishing, so a 

log transformation of time was used in the catch function. Previous studies have used an 

instrumental variable for on-site time, allowing for endogeneity between on-site time and 

catch per trip (Kaoru, Smith et al. 1995; Schuhmann 1998). As discussed in Chapter 7, 
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endogeneity does not appear to be a problem in this study because respondents did not 

systematically adjust their intended fishing time in response to realised catch rate. 

8.2.2 Objective Catch Function 

Estimation results for the fixed and time-varying versions of the objective catch function 

are summarised in the left hand side of Table 8.0. The models both had reasonable 

explanatory power but contrary to what was expected, the model based on a weekly 

measure of fish stock did not perform any better than the "fixed stock" model at 

explaining an angler's catch per trip, with pseudo R 2 values of 0.33 and 0.31 respectively. 

One reason for this result could be that the gains from using a time-varying measure of 

abundance were offset by the poor specificity of the proxy. As mentioned in the 

previous section, insufficient data were available to construct a site-specific measure of 

abundance, so regional means had to be used instead. Consequently, the proxy for 

stocks may not have been an accurate indicator of each site's "productivity". 

In both the fixed and weekly models, the two variables most strongly related to catch per 

trip were fish abundance ( S T O C K ) and time spent fishing (InTHOURS). Individual 

characteristics also had the expected signs and are significant. While these results are 

encouraging, it is suspected that there could be simultaneity between the proxy used for 

fish stock (mean catch rates achieved by the sample) and the dependent variable (catch 

rate of the individual). Owing to the relatively small sample of trips, it was possible for 

an individual to influence the mean catch rate at less popular sites. This would lead to a 

spurious model, incapable of adequately predicting catch success at some sites for the 

majority of individuals in the sample. Clearly, this is undesirable for the purposes of 

estimating a random utility model of choice behaviour. 

An alternative approach would be to use mean catch rates obtained from an independent 

survey as a proxy for fish abundance. However, there is a trade-off: Independent data 

collected in different years to the log book survey are unlikely to be reflective of the 

fishing conditions that prevailed during the survey. Chapter 7 showed this to be the case 

for data obtained from the Fishery Department's creel survey. As such, historic catch 

rates were not used for the stock variable in the catch rate functions. 
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The coefficient on I n T H O U R S confirmed that there are decreasing returns to time spent 

fishing. This might have been caused by the tendency for anglers to fish at a more 

leisurely pace on longer trips, meaning that their effort is less effective relative to the 

effort applied on shorter trips. For instance, on trips lasting a whole day it was suspected 

that some of the respondent's "fishing time" could well have been spent having lunch etc. 

Furthermore, anglers taking short trips no doubt time their visit to take advantage of 

favourable conditions (eg a rising tide or setting sun etc.), while those w h o fish over a 

whole weekend probably experience a greater diversity of conditions. 

Kaoru, Smith et al. (1995) also found that catch diminished with fishing time, although 

other studies have found the opposite to be true, reporting either proportional or 

increasing returns (McConnell, Strand et al. 1995; McConnell and Strand 1994). In the 

latter papers increasing returns were explained by the argument that anglers incur a fixed 

"start up" time before they commence fishing. Some researchers have even reported 

negative returns, implying that total catch is greater on shorter trips than longer outings 

(Englin, Lambert et al. 1997; Schuhmann 1998). They defended their findings by 

reasoning that anglers w h o take frequent, short trips are also the most experienced 

anglers. Therefore short trips are, on average, more productive. Clearly, consensus has 

not been established regarding the relationship between effort and harvest rate. 

8.2.3 Perceived Catch Function 

As for the objective catch function, two different versions of the perceptions function 

were estimated; one that used fixed measures of fish stock and the other that used a 

weekly measure. Again, both models were reasonable at explaining expected catch 

(pseudo R 2 of 0.44 and 0.43 respectively), but there was no advantage in specifying fish 

abundance as a time-varying attribute (Table 8.0). Note that the perception functions 

were statistically more significant than the objective catch functions. Part of the reason 

for this difference was due to the addition of a variable to capture media reports about 
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fishing conditions1. However, further investigation showed that even without this 

variable, the perceptions function was still superior to the objective one. This is probably 

due to catch expectations having a considerably lower variance than actual catch 

outcomes. 

M E D I A was highly significant and positive, suggesting that fishing reports do influence 

anglers' catch expectations. Another interpretation is that the M E D I A variable is simply 

another proxy for the weekly abundance of fish and, as such, is not acting as an 

independent factor. This is quite feasible because mean catch rates were calculated from 

Sunday-to-Sunday, whilst the M E D I A index was based on reports that were published 

on Friday2. Further investigation found that M E D I A was correlated with the fixed 

measure of catch rate (+0.1959), but not correlated to the weekly measure. Therefore, it 

is reasoned that fishing reports acted independently in forming angler's expectations. 

Initially it was intended to include the respondent's total number of trips to the study area 

over the past 12 months (TRIPS 12) as a variable to capture his/her familiarity with 

fishing conditions. However, preliminary analysis of the data found that TRIPS 12 was 

negatively correlated with expected catch per trip, implying that anglers w h o regularly 

fish in the study area are less successful. This seemingly illogical correlation can be 

explained by the fact that respondents w h o fish frequently generally take shorter trips and 

catch fewer fish per trip. So instead of TRIPS 12 acting as a proxy for a respondent's 

familiarity with the study area, it simply captured average trip length. Therefore it was 

removed from the catch function. 

To summarise, both sets of models (objective and perceived) demonstrate that individual 

attributes such as skill, experience, and gear ownership are influential in explaining a 

respondent's actual mean catch or his/her expectations of catch rate at a site. While both 

1 The pseudo R 2 statistic used in this application always increases when variables are added. The 

statistic cannot be corrected to adjust for the addition of variables (Greene, 1997). 

2 The perceptions function was initially estimated with MEDIA lagged by one week, but this variable 

was not significant. 
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specifications are satisfactory for predicting an individual's expected catch success, the 

functions based on perceptions are statistically better models than the objective catch 

functions because they have a slightly higher R 2 values and a greater number of 

significant variables. 

8.3 Random Utility Models 

8.3.1 Estimation Data 

T w o types of random utility models were developed; a site/region R U M and a 

region/target R U M . It was necessary to develop the more aggregated region/target 

model because at the site level there were not enough trips in the sample to establish a 

reliable weekly indicator of fish abundance. In addition, perceptions about the diversity 

and size of fish were only available at the regional level. From a methodological 

perspective, the two models serve as interesting comparisons. Both models describe the 

demand for fishing in the study area but are different paradigms of how anglers make 

choices. It was envisaged that the site/regions model would be most useful for assessing 

the economic impact of policies that affect particular fishing locations, while the 

regions/target model would provide estimates of the value of each fish type. 

Trip data for estimating the models were obtained from 68 respondents who resided in 

the metropolitan area of Perth. Trips made to the Bunbury, Busselton, and Augusta 

regions were excluded from the choice set (see Section 7.4 for the rationale). 

Furthermore, Prize and Reef fish were excluded from the choice models as these fish 

types were only targeted on 4 % of trips. With such a limited number of trips it was not 

possible to calculate meaningful values for the catch rate attribute. Removal of these fish 

types should not bias the choice model, as it is suspected that few respondents 

considered them as valid options over the duration of the survey period. With these 

modifications to the data set, a total of 671 trips were available for estimating the R U M 

models. 

In total, twelve separate RUM models were developed to assess the sensitivity of 

parameter estimates to the following two factors: 
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1. The type of estimator. T w o different estimators were used; the multinomial logit and 

nested logit estimator. 

2. Specification of the catch rate variable. A variety of different measures were used for 

the catch rate attribute in order to investigate whether perceptions produced a better 

model than using objective data, and whether weekly catch rates are superior to fixed 

ones. 

The two-way table below summarises the twelve models that were estimated. Note that 

all the site/region models used a fixed measure for the catch rate attribute because 

reliable catch data were not available for each site on a weekly basis. This meant that the 

effect of catch variability could only be examined using the region/target set of models. 

Table 8.1: Summary of the 12 random utility models estimated, classified by the way the catch 

rate attribute was specified. 

Estimator 

Multinomial logit 

Nested logit 

Type of random utility model 

site/region 

model # catch attribute 

1. HMCR 

2. SMCR 

3. Q 

4. EQ 

5. Q 

6. EQ 

region/target 

model # catch attribute 

7. HMCR 

8. SMCR, 

9. Q, 

10. EQ, 

11. Qt 
12. EQ, 

Key to notation: 

H M C R = historic catch rate from independent source 

S M C R = mean catch rates from the survey 

Q = predicted catch rate using objective data. 

E Q = predicted catch rate using perception data 

The subscript t denotes that the catch rates are variable across weeks. 
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8.3.2 Site - Region R a n d o m Utility Model 

Standard multinomial logit model 

This first set of models described the probability of site/region j being chosen by angler i 

on a given fishing trip. Individual i's indirect utility function for each of they* joint 

site/region alternatives was specified as: 

Vij = poPRICEy +p ,CRjk +(32MEDIAjkt + p3COASTj + p4CONGESTj 

where; 

PRICEy = Predicted fuel cost associated with a return trip to site/' by individual /. 

CRjk = One of four proxies for the expected catch rate of fish type k at site/' (fish/hr). 

MEDIAjkt = Dummy to indicate whether or not there have been reports in the media about 
fish of type k being caught at site/' during week t. For anglers not targeting, 
MEDIA = 1 if a reports were made for any fish type, otherwise zero. 

C O N G E S T j = Congestion index, equal to the estimated number of angler days at site/' during 
the summer and spring months. 

C O A S T j = Length of coast line (km) belonging to site/*. 

As shown in Table 8.1, four versions of the model were estimated, each using a different 

specification for the catch rate (CR) attribute. Details of these specifications were given 

in Section 6.4. T o recap, the four types of catch rate measures are: 

1. Historic mean catch rate (HMCRjk), of fish type k at site/'. Data obtained from the 

Fishery Department's creel survey (Appendix C). 

2. Sample mean catch rate (SMCR j k ) of fish type k at site/'. Data obtained from the log 

book survey. This measure was formulated by averaging catch rates across all 

respondents w h o caught fish type k at site/', regardless of whether they were targeting 

that fish type (Appendix C). 

3. Predicted objective catch rate (Qijk) of fish type k for individual i fishing at site/'. 

Predictions obtained from the objective catch function. 

4. Individual i's perceived catch rate (EQijk) of fish type k at site/'. Predictions obtained 

from the perceptions function. 
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Table 8.2 contains a summary of the way respondents allocated their fishing trips across 

sites in the choice set. Note that the 18 sites belonging to the original set of alternatives 

offered to respondents in the log book had to be reduced to 13 by condensing eight 

Mandurah sites into just three. These were relabelled as North Mandurah, South 

Mandurah, and Preston Beach. This action was necessary because some Mandurah sites 

in the original choice set received fewer than five visits. Aggregating the sites should not 

bias the R U M model to any great extent because sites within each grouping were 

relatively homogenous with respect to the fishing opportunities they offered. 

Table 8.2: Sample proportions of trips allocated to each site in the choice set. 

Site 

Nth Metropolitan Region 

Pinnaroo Point 

Trigg Beach 

Floreat Beach 

Swanboume 

Cottesloe 

Sth Metropolitan Region 

Fremantle Moles 

Woodmans Point 

Cockburn Sound 

Warnbro Sound 

Long Point 

Choice frequency 

No. trips 

59 

14 

31 

99 

164 

87 

31 

64 

49 

13 

% trips 

9% 

2% 

5% 

15% 

24% 

13% 

5% 

10% 

7% 

2% 

Site 

Mandurah Region 

Mandurah North 

- Singleton 

- Madora 

- San-Remo 

Mandurah South 

- Falcon Bay 

- Dawesville Cut 

- Tim's Thicket 

- White Hill 

Preston Beach 

Choice frequency 

No. trips % trips 

11 2% 

44 7% 

5 1% 

Results for the four models are shown in Table 8.3. With the exception of C O N G E S T , 

all variables across all models were significant at the 1 % or 5 % level and had the 

expected signs3. Other researchers have also reported congestion to be a non-significant 

attribute. Clearly, it is difficult to disentangle the negative effects of congestion from 

positive attributes which cause a site to become congested. A likelihood ratio test 

3 Note that alternative specific constants are not specified in this model. Some authors routinely include 

a constant for every alternative. However, a review of the literature revealed that this practice is not 

universally adopted. 
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indicated that a better model could be achieved without the congestion attribute, so this 

variable was removed. 

The CONGEST variable was removed from the model because it was not significant. 

Sites are often congested because they are attractive; thus, congestion variables m a y be 

confounded by other attributes. The positive coefficient on C R indicates that an 

individual's expected utility from fishing is enhanced by high expected catch rates, while 

the negative sign on P R I C E confirms that travel costs detract from an angler's utility. 

Recall from Chapter 7 that these same attributes were ranked by respondents as being 

among the most important considerations in their decision to choose a particular fishing 

location. This observation adds support to the validity of the model results. 

The MEDIA variable was also found to be highly significant in all the models, suggesting 

that anglers partly base their choice of site upon reports in the media about fish 

abundance. In the model that specified catch rate as E Q it is acknowledged that M E D I A 

and C R could be colinear because the perceptions function that generated E Q also 

includes M E D I A as an explanatory variable. 

Table 8.3: Coefficient estimates and diagnostics for four specifications of the site/region 

multinomial logit models. Values in parenthesis are t statistics. 

Model type, based on specification of the catch rate (CR) variable. 

Variable 

P R I C E 

CR 

MEDIA 

COAST 

Observations 

L likelihood 

LRI (adj.) 

Historic mean 

(HMCRjk) 

-0.2722 (-15.9)** 

0.1088 (2.49)* 

0.6199 (6.82)" 

0.0181 (2.36)* 

671 

-1467.51 

0.1469 

Sample mean 

(SMCRjk) 

-0.3043 (-17.2)** 

0.6112 (7.96)" 

0.5836 (6.36)" 

0.0400 (4.74)** 

671 

-1439.96 

0.1629 

Predicted objective 

(Qijk) 

-0.3175 (-17.4)" 

0.5919 (9.25)" 

0.5766 (6.25)" 

0.0362 (4.38)" 

671 

-1433.07 

0.1669 

Predicted perceived 

(EQijk) 

-0.3025 (-17.4)" 

1,8952 (8.05)** 

0.2770 (2,71)" 

0.0372 (4.52)** 

671 

-1440.07 

0.1629 

* denotes significance at 5 % ** denotes significance at 1 % 

The adjusted log likelihood ratio index (LRI) is a pseudo R2 value and is defined as: 

l-[log(Lo)-K/log(LR)], where L() is the maximum value of the likelihood function of the unrestricted 

model, L R is the likelihood value of the restricted model (ie. all coefficients set to zero), and K is the 
number of parameters estimated. 
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Initially the PRICE variable was specified to include the opportunity cost of travel time 

(see Section 6.4.2) but this definition reduced the overall fit of the model and the t value 

for the price coefficient was reduced. The reason for this is probably related to the way 

time costs were calculated. Recall that an average speed of 40km/hr was used for 

metropolitan sites and 70km/hr was assumed for sites outside the metropolitan area. 

Defining travel time as a function of these speeds lessened the differential in total trip 

costs between metropolitan and non-metropolitan sites, and this seems to have affected 

the model results. Price was therefore specified to include fuel costs only. 

The coefficient on each attribute in the RUM is related to, but not equivalent to, the 

marginal effects of that attribute with respect to choice probability. To investigate the 

relative importance of catch and travel costs in influencing angler behaviour, L I M D E P 

(Greene 1995) was used to calculate the marginal effects for these attributes at 

Cottesloe4. Based on the S M C R model, a unit improvement in catch rate at Cottesloe is 

predicted to increase the probability of anglers choosing this site by 0.056. By 

comparison, an increase in Cottesloe's access price decreases the probability of Cottesloe 

being chosen by 0.028, which demonstrates that anglers are slightly more responsive to 

changes in catch rate compared to changes in access price. 

Despite all of the variables being highly significant, the models do not have a great deal 

of explanatory power. A cross tabulation of predicted versus actual choices of sites 

revealed that the models only predict 1 5 % of the choices correctly. The low log 

likelihood ratios (0.15 to 0.17) are further evidence of a poor model fit. These results 

signal that some important variables explaining site choice have been omitted from the 

utility function. While this is disturbing, it should be remembered that a likelihood ratio 

index (LRI) of 0.2 is approximately equivalent to an R 2 of 0.5 in a regression model 

(Veall and Zimmermann 1996). Also, it is not uncommon for R U M models of 

recreational fishing to have poor LRI values (eg. Kaoru, Smith et al. 1995; Lin, Adams et 

al. 1996; Berman, Haley et al. 1997). 

4 L I M D E P averages the marginal effects over all observations. 
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Out of the four models that were estimated it was expected that the model based on 

sample mean catch rates ( S M C R ) should out-perform the model based on historic mean 

catch rates ( H M C R ) In turn, it was anticipated that the model based on predicted 

objective catch rates (Q) should out-perform the model based on S M C R because it uses 

an individual-specific measure of catch rate. The fourth specification was included to 

examine whether explanatory power could be strengthened by incorporating information 

about respondents' perceived catch rate (EQ). 

A formal specification of the null and alternative hypotheses for each set of paired 

comparisons between non-nested models appear below: 

Ho: Model ( H M C R ) is the "true" specification 

H,: Model ( S M C R ) is the "true" specification 

Ho: Model ( S M C R ) is the "true" specification 

Hi: Model (Q) is the "true" specification 

Ho: Model (Q) is the "true" specification 

Hi: Model (EQ) is the "true" specification 

The hypotheses were sequentially tested using a procedure developed by Horowitz 

(1982). This test uses the adjusted log likelihood ratio index (LRI) which is defined in 

the footnote to Table 8.3. Ben-Akiva and Lerman (1985) provide a demonstration of the 

test and conclude that under most circumstances H o can be rejected in favour of H! if: 

(LRI2 - LRIi) > 0.01 where the subscripts on LRI denote model 1 (the maintained 

specification) and model 2 (the alternative). 

The test for the first paired comparison rejected Model (HCMR) in favour of Model 

(SMCR), which suggests that sample means are a better indicator of the pattern of 

abundance across sites that prevailed over the survey period. Contrary to expectations, 

the null hypothesis in the second paired comparison could not be rejected, implying that 

an individual-specific measure of catch rate did not significantly improve the choice 

model's explanatory power. McConnell and Strand (1994) also found this to be the case, 

which leads to the question whether it is worthwhile going to the extra trouble of 

estimating an individual-specific measure of expected catch. While there may not be any 

statistical advantage, the welfare values generated by the model which used an 
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individual-specific measures are substantially different, both in terms of mean and 

variance (see Chapter 9). 

An unresolved issue in the literature is whether respondents' perceptions of fish 

abundance are better measures of quality in the choice model than objective measures. 

The test for the third paired comparison rejected Model (EQ) in favour of Model (Q), 

which suggests that perception data did not improve the RUM's explanatory power. One 

possible explanation for this surprising result is that the catch function used to generate 

E Q had a very similar specification to the function used to obtain Q. Despite this result, 

the coefficient on C R was larger for the choice model that used perceptions, suggesting 

that anglers' place more weight on perceived catch rates relative to objective measures of 

this attribute. 

Nested logit model 

In the standard multinomial logit models presented above, there is potential for the 

independence of irrelevant alternatives (IIA) to be violated. For instance, the choice 

probability ratio of Mandurah site A to South Metropolitan site B is likely to be affected 

by a change in fishing conditions at Mandurah site C (sites are hypothetical). This is 

because sites A and C probably share some c o m m o n unobserved characteristics as they 

both belong to the same region. 

To investigate this issue further, a Hausmann-McFadden (1984) test was conducted to 

assess whether IIA was a problem. The Hausman-McFadden procedure tests for IIA by 

firstly estimating the multinomial logit model with all choice alternatives, then estimating 

it a second time with one or more alternatives removed from the choice set. If 

coefficient values do not change significantly when the model is estimated with fewer 

alternatives, then this indicates that the IIA restriction is not being violated. 

Unfortunately, tests on models developed in this study were inconclusive because the 
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results were dependent upon which alternative was removed. Consequently, a nested 

logit model was estimated to circumvent the potential problem of IIA . 

The nested logit model was formulated by grouping sites together according to the 

region in which they were located such that the choice between sites was nested below 

the decision about which region to visit (Figure 8.0). In this fashion, IIA no longer 

applied to sites located in different regions, but it still held for sites within a region (see 

Section 5.4 for theoretical background). 

Figure 8.0: Diagram of the nesting structure assumed for the site/region RUM. 

Nth Metro 

S7\ 
1 to 5 

Sites 

Region 

Sth Metro 

6 to 10 

Sites 

Mandurah 

11 to 13 

Sites 

Numeric key to sites: 

1. Pinnaroo Point 

2. Trigg Beach 

3. Floreat Beach 

4. Swanboume 

5. Cottesloe 

6. Fremantle Moles 

7. Woodman's Point 

8. Cockburn Sound 

9. Warnbro Sound 

10. Long Point 

11. Mandurah North 

12. Mandurah South 

13. Preston Beach 

See the map in Chapter 6 for the location of these sites. 

5 An alternative approach for overcoming the IIA problem is to estimate a random parameters model. 

This model allows for the attribute coefficients to differ across individuals and does not impose the IIA 

restriction. Train (1998) recommends a random parameters model if individual heterogeneity is the 

primary cause of IIA violations in the M N L model. 
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The variables used in the multinomial logit model were also included in the nested 

specification. In addition, three new variables were added to describe an individual's 

choice of region: The variable H O U S E indicated whether or not respondents owned a 

beach house in Mandurah. It was thought that ownership of a beach house should 

enhance an individual's utility from a visit to the Mandurah region. SIZE and D I V E R S E 

are categorical variables that represent each respondent's perception of the size and 

diversity of fish within a region6. It was anticipated that these quality attributes of the 

fishing experience should contribute positively to an individual's utility. 

An individual's utility from choosing site j conditional on selecting region p was specified 

as: 

Va i p = poPRICEjj +P,CRjk +p2MEDIAjkt + p3COASTj 

and the indirect utility function for region alternatives was specified as: 

Vip = ppIVip + p4ASCMip + p5HOUSEip + p6DIVERSEip + p7SIZEip 

where IV is the inclusive value from the site choice level of the model and ASCM is an 

alternative specific constant for the Mandurah region7. All other variables are identical to 

those defined for the multinomial logit model, although this time only two measures of the 

catch rate attribute were examined: Predicted perceived (EQ) and predicted objective (Q) 

measures. The indirect utility functions above were estimated simultaneously using Full 

Information M a x i m u m Likelihood. 

Overall, the nested logit specifications fitted the data better than the multinomial logit 

estimator, as indicated by their adjusted log likelihood ratios of 0.29. The variables 

explaining site choice were significant in both models and had the expected signs. At the 

6 A zero rating for size or diversity was assigned those respondents w h o gave a 'don't know' response. 

7 An alternative specific constant was included to capture unique characteristics of Mandurah that were 

not accounted for by the explanatory variables. Mandurah is considered to be distinctly different to the 

other two regions because it is a holiday destination. 
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regional level, SIZE and H O U S E were significant but D I V E R S E and A S C M had no 

influence on utility. The coefficients on the inclusive values for sites in the metropolitan 

regions had positive signs and were significant, indicating that anglers* expected utility 

from a group of sites within a region contribute positively towards their choice of region. 

The inclusive value coefficients also serve as a guide as to whether or not gains have been 

made by nesting the choice alternatives (McFadden 1981). Coefficient values that are 

close to zero indicate that there is a great deal of similarity between sites within a region, 

so a nested structure is warranted to avoid IIA imposed by the multinomial logit model. 

The opposite is true for values that are close to one. The results show that the inclusive 

value parameters for all regions are significantly less than one, indicating that a nested 

model is justified. 

Table 8.4: Coefficient estimates and diagnostics for two nested logit specifications of the site/ 

region choice models. Values in parenthesis are t statistics. The models were estimated by full 

information m a x i m u m likelihood (FIML). 

Variable 

Site utility 

PRICE 

CR 

MEDIA 

COAST 

Region utility 

IV (Nth Metro) 

IV (Sth Metro) 

IV (Mandurah) 

ASCM 

HOUSE 

SIZE 

DIVERSE 

Observations 

Log likelihood 

LRI (adj.) 

Model type, based on specification of the C R variable. 

Predicted 

-0.4068 

0.5859 

0.6137 

0.0276 

0.5995 

0.6825 

0.2682 

-0.4825 

1.1175 

0.9470 

0.1276 

objective (QyO 

(-12.35)" 

(5.82)" 

(5.82)" 

(3.14)" 

(5.03)" 

(4.47)" 

(2.36)* 

(-1.24) 

(3.21)" 

(8.88)" 

(1.10) 

671 

-1261.52 

0.2929 

Predicted 

-0.4209 

1.7258 

0.3238 

0.0276 

0.5763 

0.5934 

0.1830 

-0.0464 

1.2978 

0.9489 

0.0065 

perceived (EQijk) 

(-12.89)" 

(6.14)" 

(2.71)" 

(3.15)" 

(5.24)" 

(4.61)" 

(1.62) 

(-0.10) 

(3.71)" 

(8.98)" 

(0.06) 

671 

-1259.76 

0.2939 

* denotes significance at 5 % ** denotes significance ai 1 % 

The log likelihood ratio index (LRI) is a pseudo R 2 value and is defined as l-[log(Lo)-K/log(LR)], where 

Lo is the maximum value of the likelihood function of the unrestricted model, L R is the likelihood value 
of the restricted model (ie. all coefficients set to zero), and K is the number of parameters estimated. 
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8.3.3 Region - Target R a n d o m Utility Model 

Standard multinomial logit model 

In order to examine the values anglers associate with particular fish types, a second set of 

random utility models were estimated. The choice set for these models consisted of 

three regions and two target fish types, plus a "not targeting" option. As Table fish and 

Bread and Butter fish were available at all three regions, the choice set comprised a total 

of nine joint region/target alternatives. The frequency of trips to each of these 

alternatives is summarised in Table 8.5. 

Table 8.5: The proportion of trips allocated to each alternative in the choice set. 

Nth metropolitan region 

Table fish 

Bread & butter fish 

Not targeting 

Sth metropolitan region 

Table fish 

Bread & butter fish 

Not targeting 

Mandurah region 

Table fish 

Bread & butter fish 

Not targeting 

Name 

NMTAB 

NMBB 

NMNT 

SMTAB 

SMBB 

SMNT 

MANDTAB 

MANDBB 

MANDNT 

Totals: 

Choice 

N o trips 

191 

76 

99 

79 

77 

88 

19 

7 

35 

671 

frequencies 

%trips 

28 

11 

15 

12 

11 

X3 

3 

1 

6 

100% 

The variables influencing an individual's utility from jointly choosing a target fish type 

and a particular region were assumed to be the same as those described in the site/region 

R U M 8. Specifically, individual i's indirect utility function for the joint region/target 

alternative jk was given by: 

Vijk = PoPRICEij +pkCRjkt + p,COASTj + p2DIVERSEij + p3SIZEij + p4HOUSEij 

8 Initially a regional equivalent of M E D I A was included as an explanatory variable in the model but 

was found to be non-significant. 
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Three target-specific d u m m y variables were created so that a separate coefficient on C R 

could be estimated for each fish type. This made it possible to examine whether anglers 

valued their catch differently depending upon the type of fish. The coefficients for all 

other variables were assumed to be the same across target groups implying that the 

influence of the other variables on an angler's utility are independent of an angler's target 

choice. 

As before, four different versions of the model were estimated using various 

specifications of the catch rate (CR) attribute. However, unlike the site/region models, 

this set of models incorporated time-varying measures of CR. The four measures were 

defined as: 

1. Sample mean catch rate (SMCR j k), fixed over all weeks of the survey period. This 

measure was formulated by averaging catch rates across all respondents w h o caught 

fish type k at sitej and were targeting that type of fish. 

2. Weekly sample mean (SMCRjkt) obtained from the log book sample. This measure 

was formulated by averaging catch rates across all respondents w h o caught fish type k 

at site j during week t, regardless of whether or not they were targeting that type of 

fish. 

3. Predicted objective catch rate (Qijkt) of fish type k for individual i fishing at site/' 

during week t. Predictions obtained from the objective catch function. 

4. Individual i's perceived catch rate (EQijkt) of fish type k at site; during week t. 

Predictions obtained from the subjective catch function. 

Note that (1) is a fixed measure while the other three proxies for catch expectations vary 

from week-to-week. As such, it was hypothesised that specification (2) should out

perform (1) and, in turn, models (3) and (4) should be statistically better at explaining 

individuals' choices than the first two specifications because they have the added 

advantage of being individual-specific measures. 

Estimation results for the models are shown in Table 8.6. All the specifications have 

reasonable explanatory power: They all have an adjusted log likelihood ratio in the 

vicinity of 0.29 and each model correctly predicts 2 6 % of the choice outcomes. 
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Chapter 8: Model Estimation Results 

As before, non-nested tests were conducted to determine which specification of catch 

rate yielded the best model of choice. O n the basis of these tests, none of the models 

examined were superior to the one which used a simple, fixed catch rate. However, 

there were some subtle differences with respect to coefficient signs and significance. 

Notably, gains were made by specifying C R as a time-varying attribute. The model that 

used a fixed specification failed to produce coefficients on the catch attribute that were 

significant and/or the correct sign. This was largely rectified by using weekly means for 

the C R variable. 

A further improvement was made by substituting individual-specific catch rates for the 

sample mean. All C R variables became highly significant when predicted objective or 

perceived catch expectations were used, and the negative sign on Bread and Butter fish 

became positive. This finding contrasts with the site/region R U M which did not show 

any advantage from using an individual-specific measure of CR. The reason for this 

difference could be due to the fact that the C R coefficients in the region/target R U M are 

differentiated across fish types whilst a generic coefficient is estimated in the site/region 

RUM. 

Focusing on the model that used perceptions, the CR coefficients are considerably 

greater than those estimated for the objective model. This observation is consistent with 

the findings reported for the site/region R U M and it supports the notion that anglers' 

place more weight on perceived catch rates relative to objective measures of this 

attribute. To further demonstrate the difference between the two models, point 

elasticities for the C R attribute were calculated for each model9 (Table 8.7). The 

elasticity values indicate the responsiveness of anglers' choice probability to a change in 

the expected catch rate of a fish type at a given location (eg. the choice of targeting 

Table fish in the North Metropolitan region). The values in Table 8.7 reveal that anglers 

are more responsive to changes in perceived catch rates relative to changes in objective 

catch rates. 

9 See Greene (1997) for the method used to calculate elasticities for discrete choice models. 
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Table 8.7: Elasticities of choice probabilities with respect to catch rate (CR). Elasticities 

calculated from the model that used perceived catch rates are universally higher than those 

generated by the objective model. 

Catch rate elasticities 

Choice alternative 

NMTAB 

SMTAB 

MANDTAB 

NMBB 

SMBB 

MANDBB 

NMNT 

SMNT 

MANDNT 

Objective C R model 

0.662 

0.809 

0.919 

0.333 

0.350 

0.488 

0.500 

0.591 

0.885 

Perceived C R model 

1.720 

2.114 

2.361 

1.632 

1.752 

2.001 

1.725 

1.998 

2.362 

Nested logit model 

It was thought that estimates from the region/target models presented in Table 8.6 could 

be bias due to violations of the independence of irrelevant alternatives ( H A ) property 

imposed by the multinomial logit model. IIA needs to be considered because there is 

likely to be a high degree of correlation between the error terms associated with fishing 

locations within a particular target fish group. A Hausman-McFadden (1984) test failed 

to diagnose a violation of IIA. Nevertheless, a nested logit version of the region/target 

was estimated to confirm this finding10. 

The nesting structure that was adopted assumes that individuals select a region 

conditional upon their decision to target a particular type of fish (Figure 8.1). Individual 

characteristics were included in the model to examine whether they influenced an angler's 

Another way of testing for IIA is to examine the inclusive value coefficients belonging to groups of 

alternatives in a nested logit model (see Kling and Thomson 1996). 
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choice of fish type. It was hypothesised that Table fish are most likely to appeal to those 

anglers w h o are skilled, have a large investment in gear, and have m a n y years of fishing 

experience. B y comparison, Bread and Butter fish are easier to catch and do not provide 

the same degree of challenge for the skilled angler. 

Figure 8.1: Diagram of the nesting structure assumed for the region/target R U M . 

Regions 

Table fish 

/A NM SM Man 

Target 

^ ^ ^ ^ 

Bread & Butter 

NM SM Mand 

Not targeting 

A\ NM SM Mand 

Regions Regions 

The utility functions for each level of the nest are described below. A n individual's 

indirect utility function for region p conditional, on choice of target fish type k, was 

specified as: 

Vip,k= (3oPRICEip + pkCRpk + P,COASTp + p2DIVERSEip + p3SIZEip + p 4HOUSE i p 

and the indirect utility functions for the three target alternatives were specified as: 

Vi (k=TAB) = PJVik + psSKTLLi + p6GEARi + p7 YEARSj 

Vj (k = BB, NT) — PklVik 

where; 

IVik = 

SKTLLi = 

GEARj = 

YEARSi = 

individual i's inclusive value for target fish type k. 

the self-reported skill level for individual i. 

the value of individual i's fishing gear. 

the number of years that individual i has fished in Western Australia. 
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T w o nested logit models were estimated, one that used predicted objective catch rates and 

the other that used perceived catch rates. Estimation results are presented in Table 8.8. 

Both these models fit the data slightly better than the standard multinomial logit 

specification. They have adjusted log likelihood ratios of approximately 0.31 and they 

predict 2 9 % of choice outcomes correctly. As before, all the C R coefficients are positive 

and significant, and the model that used perceptions produced larger C R coefficients than 

the objective model. The individual characteristics, S K I L L and Y E A R S , were found to be 

significant factors influencing an angler's choice of Table fish as a target, however their 

level of investment in gear was not significant. 

Table 8.8: Coefficient estimates and diagnostics for two nested logit specifications of the 

region/target choice models. Values in parenthesis are t statistics. The models were estimated by 

full information m a x i m u m likelihood (FIML). 

Variable 

Region utility 

PRICE 

CR (TAB) 

CR (BB) 

CR (NT) 

COAST 

DIVERSE 

SIZE 

HOUSE 

Target utility 

IV (TAB) 

IV (BB) 

IV (NT) 

GEAR 

SKILL 

YEARS 

Observations 

Log likelihood 

LRI (adj.) 

* rlpnntps sicrnifir.anc 

Model type , based on alternative specifications of the C R variable. 

Predicted objective (Qjkt) 

-0.2374 

0.6726 

0.1651 

0.1460 

0.0562 

0.4390 

0.7278 

1.3191 

2.328 

2.498 

2.519 

-0.00002 

0.3552 

-0.0414 

eat 5 % **c 

(-10.50)** 

(1.85) 

(2.14)* 

(2.58)** 

(5.30)** 

(4.05)** 

(5.24)** 

(3.91)** 

(1.67) 

(1.79) 

(1.81) 

(-0.47) 

(4.23)** 

(-6.10)** 

671 

1011.33 

0.3122 

lenotes significance 

Predicted perceived (EQjkt) 

-0.2322 (-10.12)** 

1.4309 (2.03)* 

0.7162 (2.27)* 

0.6861 (2.34)* 

0.0557 (5.22)** 

0.4250 (3.95)** 

0.7622 (5.51)** 

1.2651 (3.76)** 

1.9430 (1.69) 

2.0850 (1.81) 

2.1029 (1.84) 

0.00004 (1.08) 

0.3168 (3.80)** 

-0.0631 (-7.17)** 

671 

-1009.52 

0.3135 

a t l % 

The log likelihood ratio index (LRI) is a pseudo R 2 value and is defined as l-[log(Lo)-K/log(LR)], where 

Lo is the m a x i m u m value of the likelihood function of the unrestricted model, L R is the likelihood value 

of the restricted model (ie. all coefficients set to zero), and K is the number of parameters estimated. 
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While the nested structure produced a good fitting model, estimates of the inclusive value 

(IV) coefficients were not significant and exceeded one. This result is troubling because 

McFadden (1981) has shown that the IV coefficients must range between 0 and 1 for the 

model to be consistent with utility maximisation. Of greater concern is the lack of 

significance, which indicates that the assumed grouping structure is incorrect. For these 

reasons, the multinomial logit models are preferred.1 

8.4 Trip Demand Function 

8.4.1 Model specification and estimation data 

Recall from Section 6.5 that trip frequency was specified using the following equation, 

where X\ is the expected mean number of trips taken by individual i over the four month 

survey period: 

The chosen nesting structure is an issue in these models. That is, a region-target model may fit the 

data better and give IV coefficients between 0 and 1. T o test this, the nesting structure was reversed and 

the model re-estimated. Coefficients on the IV variables became significant and less than one, which 

indicates that substitution between sites in a given region is stronger than the substitution between fish 

of a similar variety. The results of this revised model are contained in Table 3 of Appendix B. 
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Xi = exp(p0INPT+ p,EMPLOYi + p2INCOMEi + p3GEARi + p4CLUBi + p5YEARSi + 

p6SHOREi + p7RETIRE + p8IVj) 

where; 

INPT = 

EMPLOYi = 

ESfCOMEi = 

RETIREj = 

GEARj = 

CLUBi = 

YEARSi = 

SHORE; = 

IVi = 

intercept term. 

a dummy variable to indicate whether or not individual i is employed. 

income category of individual i. 

a dummy variable to indicate whether or not individual i is retired 

the value of individual i's fishing gear. 

a dummy variable to indicate whether or not individual i is a member of a 
fishing club. 

the number of years that individual i has fished in Western Australia. 

the proportion of individual i's trips to the study area that constituted ocean 
shore-based fishing. 

Individual i's mean inclusive value from the random utility model, which 
represents the expected per trip utility over the survey period. 

Trips were assumed to be distributed according to a Poisson process. However, a 

negative binomial model was also estimated to overcome the possibility of over-

dispersion which, if present, would lead to biased parameters in the Poisson model. 

Over-dispersion describes the situation where the variance of trips exceeds the mean. 

For the log book data, the mean number of trips taken by respondents over the four 

month survey period was 10.91 while the variance was 12.46, suggesting that over-

dispersion could be a problem. 

Two versions of each Poisson and negative binomial model were estimated, resulting in a 

total of four models. The first version, Model 1, sourced its inclusive value from the 

nested logit site/region R U M , while the second version, Model 2, obtained its inclusive 

value from the multinomial logit region/target R U M . The R U M s that supplied the IV's 

both employed a perceived measure of catch rate. The trip functions were estimated 

using data from the same 68 respondents w h o were used to estimate the random utility 

model. 



Chapter 8: Model Estimation Results 

8.4.2 Estimation results. 

Results of the Poisson and negative binomial estimations are summarised in Table 8.9. 

Focusing firstly on the Poisson models, the majority of explanatory variables were 

significant and both Model 1 and 2 had a reasonable fit (pseudo R 2 = 0.48). The 

inclusive value was highly significant and had a positive coefficient, implying that 

respondents based their number of trips to the study area partly upon their expected per 

trip utility. This result demonstrates that the inclusive value is a satisfactory index 

variable for linking the discrete choice R U M model to the continuous trip demand 

model. 

Characteristics of the individual had a significant influence on the level of fishing activity. 

In Model 2, income was negative which could mean that people with high incomes have 

less time to go fishing or have a high opportunity cost. A negative sign on income is a 

c o m m o n result in recreation demand studies (eg. Lin, Adams et al. 1996; McConnell and 

Strand 1994; Creel and Loomis 1992). Interestingly, the employment d u m m y in Model 1 

is significant and has a positive sign which contradicts the theory that people earning a 

large income face a time or cost constraint. This result could be due to some employed 

(but low income) respondents making a large number of trips over the survey period. 

RETIRE was found to positively influence trip frequency, which agrees with the prior 

that retired individuals have more time available to go fishing. Years of fishing 

experience was also significant, although it had a negative sign. This is surprising 

because retirement status was weakly correlated with years of fishing experience (0.467). 

The negative sign on the d u m m y for club membership is also puzzling because it was 

thought that members of a fishing club should go fishing more regularly. Apparently this 

was not the case for this particular sample. S H O R E was positive and highly significant, 

as expected. G E A R was omitted from the trip function after preliminary analysis showed 

that it was not a significant variable. 

The over-dispersion parameter in the negative binomial regression (a) was highly 

significant, which indicates that the negative binomial model is more suitable for the data. 

Note that the size of coefficients and their signs are very similar to the Poisson models, 
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but fewer of the coefficients are significant. This was not a cause for concern in this 

study because the predictions made by each model were virtually identical. Owing to the 

presence of over-dispersion in the data, the negative binomial model was selected as the 

best model for predicting changes in anglers' trip frequency following a change in fishing 

conditions. These estimates were subsequently used to calculated changes in welfare 

(see Chapter 9). 
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Chapter 8: Model Estimation Results 

8.5 Conclusion 

In this chapter estimation results were presented for each stage of the demand model for 

recreational fishing that was described in Section 6.2. Firstly, results for the catch rate 

functions were presented, followed by an summary of results for twelve random utility 

models. Finally, the trip demand functions were estimated. This section provides a brief 

summary of the main findings. 

Four key findings emerged from the models used to estimate catch rates: 

• The catch functions had reasonably good explanatory power (pseudo R2 of 0.31 to 

0.44) and are therefore considered to be satisfactory for predicting individual catch 

rates at each site or region. 

• Specifying a weekly measure for "fish stock" did not improve the statistical ability of 

the catch function to explain actual or expected catch rates. This was probably 

because weekly mean catch rates, which were used as a proxy for stock, could only be 

calculated at the regional level rather than at the more relevant site level. 

• Returns to time spent fishing were found to diminish. This may indicate that fishing 

effort is more effective on short trips as opposed to longer trips. 

• Media reports were found to significantly influence angler's expectations about their 

level of catch success prior to going fishing. The effect of fishing reports seems to be 

independent of the abundance of fish (as measured by mean catch rates). This finding 

suggests that the media could be an effective instrument for modifying the behaviour 

of anglers. 

Two types oi random utility models were formulated, a site/region RUM and a 

region/target R U M . A range of specifications for the catch rate attribute were developed 

within each model type to examine the following four hypothesis: 

A. Mean catch rates achieved by anglers who participated in the survey serve as a better 

proxy for expected catch success than historic means. 
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B. Weekly mean catch rates serve as a better proxy for expected catch success than a 

fixed mean calculated over the whole survey period. 

C. Individual-specific catch rates generated by a catch function serve as a better proxy of 

expected catch success than mean catch rates calculated over the whole sample. 

D. Catch rates predicted by the perceived catch function serve as a better proxy of 

expected catch success than values generated by the objective catch function. 

Each of these hypothesis were examined by using a number criteria for selecting 

specifications within the two types of R U M models. These criteria included the adjusted 

likelihood ratio index (LRI), the percentage of correct predictions, and the 

signs/significance of the catch rate coefficient12. Table 8.10 summarises each of the 

twelve R U M models in terms of these criteria. 

Table 8.10: Summary of key results from the multinomial logit (MNL) and nested logit (NL) 

random utility models. C R spec. = denotes the variable used to specify the catch rate attribute, 

LRI (adj.) = likelihood ratio index adjusted for the number of variables; P the catch rate 

coefficient(s). 

SITE/REGION R U M 

CR spec. LRI p 

M N L H M C R 0.1469 0.1088* 

SMCR 0.1629 0.1611" 

Q 0.1669 0.5919" 

EQ 0.1629 1.8952" 

15% correct predictions 

N L Q 0.2929 0.5859" 

EQ 0.2939 1.7258" 

20% correct predictions 

IV parameters significant and <1 

REGION/TARGET R U M 

C R spec. LRI p 

SMCR 0.2837 - signs, not sig. 

SMCR, 0.2858 + signs, mainly sig. 

Q, 0.2903 + signs, all sig. 

EQ, 0.2863 + signs, all sig. 

26% correct predictions 

Q, 0.3122 + signs, mainly sig. 

EQ, 0.3135 + signs, all sig. 

29% correct predictions 

IV parameters not sig. and >1 

12 Ben-Akiva and Lerman (1985) also adopt this procedure for selecting between multinomial and nested 

logit discrete choice models. 
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With respect to the four hypothesis listed above, this analysis showed that: 

• Sample mean catch rates (SMCR) were a better proxy for expected catch rate than 

historic mean catch rates ( H M C R ) . 

• Allowing expected catch rates to vary over time and across individuals did not 

significantly improve the model fit. However, the models that used these more 

realistic measures of catch rate tended to produce coefficients on the catch attribute 

that were better aligned with theoretical expectations. 

• Replacing objective measures of catch rate with perception data did not improve the 

explanatory power of the R U M , but it did increase the size of the catch rate 

coefficient, and subsequently the magnitude of welfare estimates generated from the 

RUM. 

The "best" specification from the group of site/region RUMs was deemed to be the 

nested logit model that used perception data for defining the catch rate attribute. It had 

the highest LRI and its IV parameters were less than one, which suggested that the 

model is consistent with utility maximisation. From the region/target group of models, 

the best specifications were deemed to be the multinomial logit models that used either a 

predicted objective catch rate (Q) or predicted perceived measure (EQ). Despite the 

nested logit models having a higher LRI value, they were rejected because their IV 

parameters were non-significant and exceeded one. 

It is tempting to make direct comparisons between the two types of random utility 

models in the same way that specifications were selected within each model type. 

However this procedure is not valid because the two random utility models are "non

nested" in the sense that one is not simply a restricted form of the other. Some 

researchers have used a technique known as "likelihood dominance criterion" as a basis 

for selecting between non-nested models (Kling and Thomson 1996), but because of its 

complexity, this technique was not adopted in this study. Casual observation of the log 

likelihood ratios suggest that both models are equally capable at describing choice 

behaviour. 
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In the third stage of the modelling procedure, trip frequency was found to be 

significantly influenced by socio-economic variables including employment status, annual 

income, whether the angler was retired, the angler's years of fishing experience, and 

whether or not the angler was a member of a fishing club. The inclusive value from the 

R U M was also highly significant, which demonstrates that respondents partly base their 

level of fishing activity upon their expected utility per trip. It also supported the method 

used to link the discrete choice element of recreational demand with the continuous trip 

demand stage. 

In the next chapter the parameters from all three of these models are used to calculated 

the size of economic surplus associated with recreational fishing in the study area and to 

quantify marginal values for each fish type. 
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9.1 Introduction 

This chapter contains a report on a range of welfare estimates that were obtained from 

the multi-stage model that was described in Chapter 6. In the first part of the chapter 

(Sections 9.2 and 9.3), all estimates are expressed in terms of "per trip" values. These 

estimates were generated by the random utility model in conjunction with the catch 

functions. In the second part of the chapter (Section 9.4), "per trip" values are 

aggregated to annual values using the trip function to predict the number of trips 

demanded by each respondent. 

Values associated with particular geographic areas of the study area are dealt with in 

Section 9.2. Recall that the study area included the metropolitan region of Perth and the 

southern region of Mandurah. These values were calculated under a variety of 

assumptions about the underlying random utility model, including the type of proxy used 

to represent catch rates, the type of estimator (multinomial logit or nested logit), and the 

way alternatives were structured in the model. 

Section 9.3 contains a summary of the marginal values associated with each fish type, 

namely Table fish, Bread & Butter fish and non-target species. These values were 

expressed in terms of (i) the amount respondents are willing to pay to avoid a complete 

loss in availability and, (ii) the amount respondents are willing to pay for 5 0 % and 1 0 0 % 

increases in catch rate. A number of methodological issues are explored at this juncture. 

In Section 9.4, welfare gains and losses from several different scenarios are simulated 

and compared at the aggregate level. The three management changes examined are a 

5 0 % increase in catch rate across all sites, the closure of specific sites, and the charging 

of a $5 entry fee for sites within certain regions. Adjustments in trip frequency resulting 

from each management change were incorporated into the calculation of consumer 

surplus, so as to account for the whole impact of a change. 
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9.2 Access Values 

9.2.1 Value of access to the whole study area 

The mean value of recreational fishing in the study area was calculated by averaging 

consumer surplus across trips for each of the 68 respondents in the sample, then taking a 

mean of these values over all respondents. Hanemann's (1984) method of deriving 

welfare from a multinomial logit model was used to calculate "per trip" consumer surplus 

for each individual (see Chapter 3). A similar procedure was used to calculate welfare 

from the nested logit models, details of which are given in Appendix E. 

Estimates of the value of access to the study area were wide-ranging and dependent 

upon the model used to generate them, the type of estimator used, and the way expected 

catch rates were specified in the utility function (Table 9.0). The most notable result was 

that values derived from the region/target models were substantially greater than those 

generated by the site/region models. The divergence in values was not entirely 

unexpected because the underlying random utility models differed with respect to their 

degree of site aggregation and the choices assumed to characterise the fishing decision. 

Table 9.0: M e a n values derived by anglers from taking a trip in the study area ($/trip), showing 

the sensitivity of welfare to specification of the random utility model. The study area includes the 

Perth metropolitan and Mandurah regions. 

Catch rate attribute 

Sample mean ( M C R ) 

Predicted objective (Q) 

Predicted perceived (EQ) 

site/region RUM 

Multinomial nested logit 

logit 

3.62 8.06 

7.30 12.57 

14.27 13.38 

region/target RUM 

Multinomial nested logit 
logit 

32.75 34.65 

32.64 73.05 

38.79 72.09 

The site/region model was the least aggregated because it assumed that anglers chose 

between 13 fishing locations, while the regions/target model condensed these locations 

into just 3 region alternatives. From previous work by Kaoru, Smith et al. (1995), Kling 

and Thompson (1996), Parsons and Kealy (1992), and others, w e know that aggregating 

199 



Chapter 9: Welfare Measurement & Simulation 

alternatives biases results and can have a large influence on welfare measures. However, 

no consistent relationship has been established between the size of welfare estimates and 

degree of aggregation. Parsons and Kealy (1992) conclude that the extent and direction 

of the bias is always circumstantial. It depends on the size and variability of the average 

utility offered by an aggregate alternative relative to the heterogeneity and number of 

locations within the aggregate alternative. The inclusion of a target alternative in the 

region/target model no doubt contributed to the observed difference in welfare between 

it and the site/region model, but it is difficult to diagnose the extent to which this was 

responsible for the difference. 

Welfare values were also sensitive to the type of estimator used. Concentrating firstly on 

the nested logit versions of the region/target model, two of the models produced values 

in excess of $70 per trip which was well above the other estimates. However, as 

discussed in Chapter 8, estimates from these models are likely to be invalid because their 

inclusive value (IV) parameters were > 2 and non-significant. Values derived from the 

multinomial logit ( M N L ) models, which range between $33 and $39, are thought to be a 

better set of results. N o w , turning attention to the site/region model, estimates from the 

nested logit estimator are considered to be superior to the M N L set of values because 

this estimator yielded models with a higher likelihood ratio index and produced IV 

parameters that met the criteria of being less than 1 and significant. O n the basis of the 

arguments put forward in the preceding paragraph, the preferred set of welfare estimates 

are those that correspond to the nested logit site/region model ($8 to $13) and the M N L 

region target model ($33 to $39). 

Within each of the preferred model types, access values varied depending upon the way 

catch rate was specified as an attribute in the utility function. Models that used 

perception data generated slightly higher welfare values. This was a consequence of the 

catch coefficients being larger for perceived catch rates (EQ) relative to objective 

measures (Q). Theoretically, the values obtained from expectations should be the most 

realistic because they are the product of an angler's own assessment of fish abundance 

across sites. This being the case, the two preferred estimates of consumer surplus are 
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$13.38 and $38.79 per trip1. A s most trips in the sample only lasted a day, these values 

are approximately equivalent to dollar benefits per angler day. 

The estimates are slightly lower than those obtained by another recent Australian study 

of recreational fishing, which found that boat anglers in South Australia were willing to 

pay $51.30 for a day of fishing (Burns, Damania et al. 1997). The South Australian 

study used a dichotomous version of the contingent valuation method so it is not possible 

to compare the estimates directly, however, their results bolster the validity of the results 

obtained in this present study. 

In addition to the mean values shown in Table 9.0, it is also insightful to examine the 

distribution of consumer surplus across individuals in the sample. It is incorrect to base 

policy decisions solely on mean values because catch regulations are likely to have an 

uneven economic impact upon anglers. Previous research has shown that using an 

individual-specific measure of catch expectations as an attribute in the random utility 

model ( R U M ) produces a wider spread of benefits across individuals, which is logical 

because the catch function accounts for heterogeneity among anglers with respect to 

their skills and experience (McConnell, Strand et al. 1995). The current work weakly 

supports this finding as the variance of welfare estimates was marginally higher when 

predicted catch rates were used in place of sample means (Figure 9.0). 

Interestingly, the bid distribution in Figure 9.0 is similar to that typically obtained from 

the contingent valuation method. The C V M often produces bid distributions that are 

skewed towards zero with a long tail at the upper values. This application of the R U M 

also produced a distribution that was skewed towards lower values, albeit less 

pronounced than the C V M distribution. The similarity between the two distributions 

suggests that the techniques are comparable. 

As such, the remainder of analysis in this chapter is based on models that used perceived catch rates. 
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Figure 9.0: Frequency distributions of respondents' average consumer surplus per trip for access 

to the study area. The R U M that used individual-specific perceptions of catch rate produced a 

slightly wider spread of welfare estimates across individuals than the R U M which used a sample 

mean catch rate. 

14 

12 
co 
S 10 
•o 

c 
o 
a 8 
CO ° 
0) 
0> 

_ 

E 4 
3 

M e a n = 32.75 

S E = 4.4 

1--•L-i H i •L+ r i l * i • 

D Sample mean CR 

• Perceived CR 

Mean = 
SE = 

_r i 

+L_+ t 

38.79 

5.6 

1 

1 1, 1, •, 1 
O CM •* CD 00 O CM 
C M C M C M C M C M C O C O C O C O C O 

•* CO CO O CM -* 
— — — Tj- •* •* 

CO CO O CM 

^ * in w 
Consumer surplus ($/trip) 

9.2.2 Value of access to specific sites or regions 

The benefit derived by individuals from a particular site./ or region p is equal to the 

change in consumer surplus resulting from the elimination of that alternative from the 

choice set. Put another way, it is the amount of money that would need to be paid to 

anglers after the removal of an alternative in order to maintain their utility at the same 

level prior to their loss in access. These values were calculated using the formula 

documented in Chapter 3. 

The values associated with sites were found to be much lower than those for the whole 

study area, being in the vicinity of $0.20 per trip (Table 9.1). This result reflects the fact 

that there are multiple substitute sites in the study area, so each site on its o w n is not 

highly valued. Also, note that the sum of values across all sites is substantially less than 

the value of the whole region. This is because each site's value is dependent upon the 

other alternatives still being available. Sites furthest from the Perth metropolitan area 

provided the smallest benefits owing to their high access costs. Fremantle Mole offered 
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the greatest benefits to anglers, probably because of its central location and relatively 

good prospects of catching fish. 

Table 9.1: Mean individual access values for each site in the study area, obtained from the 

perceived catch rate version of the nested logit R U M of site/region choice. 

Nth Metropolitan Region 

Pinnaroo Point 

Trigg Beach 

Floreat Beach 

Swanboume 

Cottesloe 

Sth Metropolitan Region 

Fremantle Moles 

Woodmans Point 

Cockburn Sound 

Warnbro Sound 

Long Point 

$/trip 

0.15 

0.17 

0.16 

0.18 

0.14 

0.22 

0.12 

0.17 

0.07 

0.04 

Mandurah Region 

Mandurah North 

- Singleton 

- Madora 

- San-Remo 

Mandurah South 

- Falcon Bay 

- Dawesville Cut 

- Tim's Thicket 

- White Hill 

Preston Beach 

$/trip 

0.03 

0.04 

0.03 

The value of each region in the study area was also examined (Table 9.2). The nested 

site/region R U M produced lower-bound estimates while the multinomial logit ( M N L ) 

specification of the region/target R U M provided upper bound values. Both models 

indicated that the most highly valued alternative to be the north metropolitan region. 

Mandurah, being less accessible to metropolitan residents, was valued the lowest. 

Table 9.2: Mean individual access values for each region in the study area, obtained from two 

different R U M models. Both models used perceived catch rates as a proxy for fish abundance. 

Region 

North metropolitan 

South metropolitan 

Mandurah 

Nested logit 
site/region RUM 

$/trip 

3.11 

1.75 

0.32 

MNL region/target 
RUM 

$/trip 

5.16 

4.41 

1.47 
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9.3 Marginal Value of Fish. 

The value of the "fish component" of recreational fishing was examined by quantifying 

the changes in "per trip" consumer surplus caused by an increase or decrease in the catch 

rate attribute in the R U M . The difference between initial and final consumer surplus 

gave the amount an angler was willing to pay per trip to secure an increase in catch rate 

of fish type k (or avoid a reduction) assuming that the other fish types were still available. 

Chapter 3 contains the formulas that were used to calculate changes in consumer surplus. 

In order to examine the economic impact of increasing or decreasing the allocation of 

fish to the recreational sector, three scenarios were simulated: 

1. 100% reduction in the expected catch rate of fish type k across all regions, 

2, 1 0 0 % increase in the expected catch rate of fish type k across all regions, 

3. 5 0 % increase in the expected catch rate of fish type k across all regions. 

Although the size of these increments appear to be large they actually translate into quite 

small changes. For example, a direct doubling of the sample mean catch rate for Table 

fish produces a new catch rate of 6.6 fish per day, which is still below the bag limit for 

this fish type. 

Table 9.3 summarises the welfare impacts of the first scenario, that is the average amount 

that respondents were willing to pay per trip or per fish to avoid a complete loss of a 

particular fish type2. T w o sets of values are presented, one based on objective catch 

rates (Q) and the other based on perceived catch rates (EQ). The model which used 

perception data produced welfare values that were two to three times greater than those 

obtained from the "objective" model. This was due to coefficients on the catch attribute 

being higher for the "perceptions" R U M . The estimates from the perceptions model 

2 Per trip benefits were divided by the sample mean catch per trip to provide an estimate of the marginal 

value per fish. Since mean catches are quite poor (3- 10 fish/day), the values are indicative of the 

benefits derived from catching the first few fish. Marginal values are expected to diminish at higher 

levels of catch. 
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should be the most realistic because they are founded on respondents' o w n assessments 

of catch rate at each region. 

Table 9.3: Average willingness to pay ($/trip) to avoid a complete loss in the availability of certain 

types of fish. Marginal values of fish ($/fish) were obtained by dividing per trip values by the 

sample mean catch per day. Estimates were derived from the M N L region/target R U M , with two 

different specifications of the catch rate attribute (Q = predicted objective catch rate; E Q = 

predicted perceived catch rate). 

Fish type 

Table 

Bread & Butter (BB) 

Non targeted fish (NT) 

B B plus N T 

All fish types 

Mean catch 

fish/day trip 

3.3 

6.6 

9.7 

8.3 

5.9 

Q specification 

$/trip $/fish 

1.08 0.33 

0.32 0.05 

0.66 0.07 

1.04 0.12 

2.56 0.43 

EQ specification 

$/trip $/fish 

1.73 0.52 

0.94 0.14 

1.38 0.14 

2.77 0.33 

7.94 1.35 

While the magnitude of consumer surplus was different under each specification, the 

ranking of fish types in terms of their marginal value remained the same. Using the E Q 

specification, the average willingness to pay to avoid a complete loss ranged from $0.14 

to $0.52 per fish (or $0.94 to $2.77 per trip) depending upon fish type. Table fish were 

valued the highest, which agrees with prior beliefs about anglers' preferences, while 

Bread & Butter fish were valued the lowest, possibly reflecting their higher abundance in 

the study area. The disparity between these two fish types m a y be exaggerated because a 

large proportion of "non-targeted" catch (ie. the fish caught on trips when anglers were 

not targeting a particular fish type) comprised Bread & Butter fish. This being the case, 

it is probably more accurate to compare the joint value of Bread & Butter fish plus non 

targeted fish against Table fish. The difference in value is then halved. 

Interestingly, the results reported above are an indication that the value placed on the fish 

resource itself is only a fraction of the value ascribed to the whole study area. This result 

implies that policies for maintaining or enhancing the value of recreational fishing should 
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not just concentrate of fish stocks but also consider the amenity value associated with 

sites. 

All the values shown in Table 9.3 were calculated on the basis that anglers have an 

alternative type of fish available to them if the stock of any one fish type was to become 

depleted. In the presence of substitutes, the value of any one fish type is deflated. From 

a manager's perspective, it is important to know the value of each fish type in the absence 

of substitutes. The absolute value of the ratio of coefficients on the catch rate and price 

variables provides a measure of this value in the form of a "conditional" marginal value 

(conditional on an individual choosing to target fish type k before and after a change in 

catch rate). Using the E Q specification, these values are $5.56 per Table fish, $4.14 per 

Bread & Butter fish, and $4.31 for non-target fish. As expected, the values are much 

higher than those in Table 9.3 which "control" for substitutes. 

The other two scenarios that were investigated were a 50% and 100% improvement in 

catch rate. Improvements were simulated by either directly or indirectly increasing the 

catch rate attribute3. The direct method involved changing angler's expected catch in the 

R U M , without any regard to what mechanism might have caused the change. The 

second method utilised the perceived catch function and adjusted expected catch rates 

indirectly via increases in the S T O C K variable. This approach is logical if anglers are 

assumed to change their expectations in response to information about the size of fish 

stocks. Under the indirect method, the highly skilled and experienced individuals enjoy 

the greatest improvement in catch because they are in the best position to take advantage 

of higher fish abundance. Results from both simulations are presented below. 

Direct increases in catch rate 

The values associated with direct increases in expected catch rate are plotted in Figure 

9.1. Across the board increases in the catch rate of all fish types produced constant 

returns at the margin. Whilst theory would suggest diminishing returns to be more 

3 A number of other studies have also examined both direct and indirect changes in catch rate; eg. 

McConnell and Strand (1994), Schuhmann (1998), and McConnell, Strand et al. (1995). 
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logical, the result was not entirely unexpected. Constant returns are probably the direct 

consequence of assuming a linear utility function for the R U M . Others have also 

reported constant marginal values (eg.Shaw and Jakus 1996). S o m e researchers have 

"forced" values to diminish by using a logarithmic or square root transformation of the 

catch rate attribute (eg.McConnell and Strand 1994). In line with this practice, the R U M 

was re-estimated using the log of catch rate and marginal values were found to diminish 

slightly4. It is questionable whether this is a valid course of action to take because the 

log transformation did not produce a better statistical model. 

Figure 9.1: Changes in the value of a trip from 50% and 100% improvements in catch rate. 

Values were estimated using the perceptions version of the M N L region/target R U M . 

$9.00 • 

5 0 % 

Increase in catch rate 

100% 

A more disturbing result was obtained when one fish type was singled out and its catch 

rate increased. In this instance, returns were observed to increase at the margin. 

Increasing returns are thought to be caused by a property of the R U M rather than a 

reflection of the underlying data. The equation used to calculate expected m a x i m u m 

4 The re-estimated model with a log transformation of catch rate is documented in Appendix B. The 

transformation produced a model with a slightly lower Likelihood Ratio Index 
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utility m a y induce a problem known as non-convexity5. This property implies that the 

R U M m a y not be valid for valuing large improvements in quality that lie outside the 

range of data used to estimate the model. More research is needed to clarify this. 

The values plotted in Figure 9.1 above are expressed in "per trip" units and represent the 

increase in total value of a trip with an improvement in catch rate. These values were 

converted to marginal "per fish" values by dividing the change in trip value by the 

corresponding change in respondents' average catch per trip. The results are listed in the 

left half of Table 9.4. Due to the non-convexity problem alluded to above, the marginal 

value of the first 5 0 % increment was valued less than the second increment. Similarly, 

the loss in consumer surplus from a 1 0 0 % reduction in the catch rate of any one fish type 

(Table 9.3) was less than the gain in welfare from a corresponding 1 0 0 % increase. The 

only instance where the gains and losses were approximately symmetrical occured when 

the catch rate of all fish types were increased simultaneously. 

Table 9.4: Average willingness to pay ($/fish) for 5 0 % and 100% increases in expected catch rate. 

Catch rates were adjusted either directly, by changing the C R attribute, or indirectly through 

increasing the S T O C K variable in the perceived catch function. The M N L region/target R U M 

was used to estimate welfare values. 

Fish type 

Table 

Bread & Butter (BB) 

Non targeted fish (NT) 

BB plus N T 

All fish types 

Direct increase in expected 
catch rate 

CR +50% 

1.44 

0.38 

0.40 

0.65 

1.37 

CR +100% 

1.72 

0.50 

0.50 

0.73 

1.38 

Indirect increase in expected catch 
rate 

STOCK +50% 

0.09 

0.05 

0.10 

0.15 

0.25 

STOCK+100% 

0.09 

0.06 

0.14 

0.20 

0.31 

5 The author gratefully acknowledges the assistance given by Professor Ted McConnell, who suggested 

this explanation. 
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To summarise, the simulation analysis produced a range of marginal values for each fish 

type, with marginal values being higher for increases and lower for decreases in catch 

rate. The complete range of values are contained in the last column of Table 9.3 and the 

first two columns of Table 9.4. With reference to these tables, the marginal value of 

Table fish ranged from $0.50 to $1.70 per fish while the marginal value of Bread & 

Butter plus Non-Target fish was estimated lie somewhere between $0.30 to $0.70. The 

value of "All fish" was quite stable across all simulations and ranged from $1.35 to 

$1.40. These estimates are of a similar magnitude as those obtained by other R U M 

studies of recreational fishing (Bockstael, McConnell et al. 1989; Kaoru 1995; 

Schuhmann 1998). 

Indirect increases in catch rate 

The right-hand side of Table 9.4 depicts the welfare gains from indirect increases in 

expected catch. Note that the gains are much smaller than those estimated by direct 

increases. This is because increasing the S T O C K variable by 50 or 1 0 0 % resulted in 

changes to catch expectations that were much smaller than 50 or 100%. The Poisson 

catch function predicted only small changes in expected catch rate because the coefficient 

on S T O C K was quite low (0.0972)6. 

Simulating improvements in catch rate via the catch function permitted an examination of 

how individuals are affected differently by a change in fish abundance. For example, 

Figure 9.2 plots individual net gains in welfare from a 5 0 % increase in the stock of Table 

fish against the individual's years of fishing experience. It shows that anglers with 20 or 

more years experience generally stand to gain considerably greater benefits than those 

who are less experienced.. This type of information could be useful to managers for 

designing pricing policies for particular groups of anglers. 

6 Schumann (1998) demonstrates that indirect increases in catch rate can exceed direct changes for large 

values of the stock coefficient. 
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Figure 9.2: Relationship between years of fishing experience and an individual's average gain in 

welfare from a 5 0 % improvement in the stock of Table fish. 
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9.4 Aggregated Values and Simulated Changes 

The welfare estimates presented in the previous section all pertain to the individual. In 

this section, individual benefits are aggregated to the sample of 68 respondents and to 

the whole angling population of metropolitan Perth. All values associated with regions 

or fish were derived from the multinomial logit region/target model, while site values 

were calculated using the nested logit site/region model. The first half of this section 

outlines the aggregate benefits that flow from the fishery in its current state. In the 

second half, the aggregate gains or losses in consumer surplus from changes to fishing 

conditions are approximated. 

Table 9.5 contains a summary of the aggregate amount of consumer surplus that anglers 

derive from having access to sites and fish in the study area under current conditions. 

Total benefits enjoyed by each respondent over the four month survey period were 

calculated by multiplying an individual's "per trip" consumer surplus by their actual 

number of trips taken during the survey period. These values were then aggregated to 

the sample by summing consumer surplus over all respondents. Under these 

assumptions, the 68 anglers w h o participated in this study received approximately 

$30,000 in net benefits from having access to the study area over the four month period. 

Similarly, the opportunity to target Table fish at their current level of abundance was 

worth $1300. 
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Table 9.5: Aggregated consumer surplus for access to the study area and for access to particular 

types of fish at their current level of abundance. 

Access values 

North metropolitan 

South metropolitan 

Mandurah 

Whole study area 

Fish values 

Table fish 

Bread & Butter fish (BB) 

Non targeted fish (NT) 

B B plus N T 

All fish types 

Aggregate across 

sample 

($/4mths) 

4758 

3751 

2295 

29543 

1338 

673 

1019 

2019 

6619 

Aggregate across 

population 

($mill/yr) 

12.9 

14.1 

3.7 

97.0 

4.3 

2.4 

3.4 

6.9 

19.8 

Annual values for the population were calculated by multiplying the "per trip" benefits 

reported in the previous sections by the total number of day trips m a d e by Perth 

metropolitan anglers to the study area. Using an estimate of 2.5 million angler days7, the 

total consumer surplus from recreational fishing in the study area w a s approximated to 

be $97 million per annum, while the value of the fish resource itself was $20 million. 

7 This participation estimate is based on the following statistics: 1 million people aged 15 years or older 

reside in the Perth metropolitan area (Aust. Bureau of Statistics, 1997); 3 0 % of Perth metropolitan 

residents are anglers and 7 5 % of these anglers fish from the shore (Aust. Bureau of Statistics, 1989); 

their average fishing frequency is 19 days per year (Reark Research, 1997); and 6 0 % of their fishing 

time is devoted to the Metropolitan and Mandurah regions (Lindner and McLeod, 1991). 
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Considering metropolitan shore anglers collectively spend in the vicinity of $192 million 
Q 

per annum on fishing goods and travel, these surplus estimates are quite plausible . 

Two caveats apply to the population estimates. Firstly, because the sample of 

respondents for the log book survey were not randomly selected from the population, 

benefit estimates are biased to the extent that the characteristics and preferences of 

anglers in the general population deviate from those of the sample. For instance, 

sociological studies have repeatedly shown that avid anglers tend to have strong regard 

for the intrinsic aspects of fishing, whilst anglers w h o only fish on an occasional basis 

place higher values on catch aspects (Fedler and Ditton 1994; Ditton, Loomis et al. 

1992). If this is true, then the aggregate values for improvements in catch rate m a y well 

be underestimated because participants in the log book survey were mostly avid anglers. 

Secondly, the welfare estimates shown in Table 9.5 are specific for the fishing quality and 

opportunities that existed during the four month survey period. A s such, the estimated 

values are biased to the extent that fishing conditions are different at other times of the 

year. Creel surveys conducted in the study area have shown that fish tend to be more 

abundant during the autumn months, particularly prize species such as Australian Salmon 

(Ayvazian, Lenanton et al. 1997). This survey also showed that anglers respond to these 

better conditions by fishing more frequently at this time of the year. Therefore it is 

possible that some error was induced by extrapolating the benefit estimates beyond the 

survey period. 

Having established a range of aggregate values for the fishery in its current state, the 

next part of this section examines the aggregate gains and losses in consumer surplus that 

result from possible management changes. The results of this analysis are summarised in 

Table 9.6. A s discussed in Chapter 5.0, changes to site availability, access prices, and 

8 This estimate of annual expenditure was based on a study by Lindner and McLeod (1991) who found 

that, on average, each metropolitan angler spends $924/yr on fishing. This figure was adjusted to 

$1100/yr to account for 16.7% inflation since the study was conducted. Individual expenditure was 

aggregated to the population of shore anglers based on participation estimates from the Aust. Bureau of 

Statistics (1989). 
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catch rates are likely to affect both the value of fishing on a per trip basis and the 

frequency of trips. Therefore, predictions about the extent to which anglers adjust their 

activity levels following a change in conditions were incorporated into the formulas for 

calculating total gains or losses in welfare. 

Table 9.6: Aggregated gains or losses in consumer surplus (CS) from simulated changes in access, 

price, or fishing quality. Changes in welfare allow for adjustments in trip frequency made by 

anglers following a change in fishing conditions. 

Simulated change 

50% increase in CR 

Table fish 

Bread & Butter fish 

Non targeted fish 

B & B plus N T 

All fish types 

Closure of a site 

Cottesloe 

Fremantle Moles 

Entry fee of$5/trip 

for Nth Metro region 

for Sth Metro region 

for Mandurah region 

Mean % 

change in trip 
frequency 

^ t sample 

19% 

9% 

15% 

22% 

35% 

-2% 

-3% 

-13% 

-12% 

-2% 

Mean change in 
consumer surplus 

($/angler/trip) 

(cs - cs°) 

2.37 

1.24 

1.94 

2.72 

4.05 

-0.14 

-0.22 

-1.97 

-1.82 

-0.32 

Aggregate across 

sample ($/4mths) 

*—^sample 

9566 

4356 

7446 

10502 

16898 

-1254 

-1629 

-4835 

-4659 

-754 

Aggregated across 

population 

($mill/yr) 

N-'^pOp 

25.5 

12.1 

20.1 

29.6 

47.6 

-1.0 

-1.5 

-16.9 

-15.6 

-2.7 
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Aggregate changes in consumer surplus over a four month period were calculated using 

the formula below: 

N 

CSsampie = X [(CS- *Ti)- (CSf * TP)]i 
i=\ 

where N is the number of anglers in the sample, CSj° and CS/ denote the mean "per trip" 

consumer surplus enjoyed by individual / before and after the change respectively, and 

Tj° and Ti1 are the predicted number of trips taken by angler i to the study area over a 

four month period before and after the change respectively. This same approach has 

been used by numerous other researchers, including Creel and Loomis (1992), Lin, 

Adams, et al. (1996) and McConnell and Strand (1994)9. 

The annual losses or gains in consumer surplus experienced by the wider population of 

metropolitan anglers were calculated in a similar fashion. Total participation levels for 

the recreational sector were assumed to increase or decrease by the same proportion as 

the mean percentage change that was predicted for the sample.10 These percentage 

changes were calculated using the formula below and are listed in the first column of 

Table 9.6: 

rri rri\J 

^sample = ^ Q *100 

9 This is an approximation of welfare change because it assumes that per trip C S is independent of trip 

frequency. In reality, it is more likely that benefits of an improvement in quality diminish with the 

quantity of trips Morey (1993). 

10 This assumption may over-estimate changes in trip frequency because anglers in the sample are 

likely to be more perceptive of changes in fishing conditions than the general angling population (ie. 

their trip demand is thought to be more elastic with respect to expected utility than less avid anglers). 

Also, the trip demand function does not account for constraints on people's time which are likely to 

prevent them from responding to better catch rates. 
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where f° and f are the mean number of trips taken by the sample before and after the 

change in fishing conditions, respectively. Next, the population estimates of consumer 

surplus were calculated as follows: 

CSpop = [CS * (1 + XT sample) * Tpop ]-(CS°* Tpop) 

where CS° and CS denote the mean individual consumer surplus ($/angler day) for 

access to the fishery before and after the improvement respectively, and TpoP is the total 

annual number of day trips currently made by metropolitan anglers. A s before, TpoP is 

approximated to be 2.5 million angler days. 

The results demonstrate the importance of accounting for the whole impact of 

management changes to the recreational fishery. For example, a 5 0 % increase in the 

expected catch rate of Table fish is predicted to increase anglers' demand for trips by 

1 9 % and improve the mean value of a fishing trip by $2.37 (Table 9.6). Together, these 

changes produce an aggregate annual benefit of $25.5 million. If no allowance was made 

for the possibility that anglers adjust their fishing activity in response to better catch 

rates, the gain in consumer surplus only amounts to $5.9 million. 

The other two scenarios examined were the closure of a site and the implementation of a 

$5 entry fee to all sites in a particular region. The two sites chosen for assessing the 

impact of a "site closure" policy were Cottesloe and Fremantle Moles. Both are popular 

fishing locations, so closing these particular sites was expected to cause the greatest 

reduction in trip frequency and aggregate benefits. The models predicted a 2-3% 

reduction in trips and an aggregate loss across the population of $1.0 to $1.5 million per 

annum, which is small relative to the changes wrought by a 5 0 % increase in catch rate. 

Charging an entry fee for access to either of the metropolitan regions dampened anglers' 

demand for trips by 11-12% and reduced aggregate welfare by $15 to $17 million. 

It is tempting to conclude that closing a site causes negligible impacts relative to the 

other two scenarios. The differences in impacts could easily be explained by the fact that 

there are many substitute sites available to anglers in the study area, and closing just one 

of them is not a serious threat to fishing opportunities. Furthermore, the result is 
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believable because the R U M model is founded on the theory that anglers minimise their 

losses by shifting their effort to one or more of the other numerous sites in the study 

area. However, direct comparisons cannot be made because different R U M models were 

used to generate the welfare impacts. Losses from closing a site were obtained using the 

site/region R U M , while impacts from the other changes were calculated using the 

region/target R U M . 

9.5 Conclusion 

One of the strongest features of random utility modelling is its flexibility to analyse the 

economic impact of a range of management policies via their influence on price and 

quality attributes. The simulations in this chapter illustrated how versatile the 

methodology is. It put into perspective the relative costs of two different strategies that 

are commonly proposed for managing the recreational sector: Closing access to fishing 

areas and charging a fee for access. 

It also quantified the net benefits of increasing the availability of fish to the recreational 

sector. Interestingly, the fish resource itself was valued at only one fifth of the value 

estimated for the whole study area. That is, anglers were willing to pay $8/trip to avoid 

a complete loss in the availability of fish and $39/trip for the opportunity to fish in the 

study area. This result implies that policies for maintaining or enhancing the value of 

recreational fishing should also consider the amenity values associated with sites. 

In interpreting the results, it should be remembered that there are at least two dimensions 

of recreational demand that were not accounted for by the modelling process. Firstly, all 

of the management changes were implemented with all other attributes held constant. 

This could lead to erroneous estimates of welfare impacts because it is conceivable that 

the benefits from an improvement in catch rate could be eroded if fishing sites became 

congested as a consequence. Similarly, the losses in consumer surplus from an entry fee 

may be partly offset by improved catch rates and lower congestion at the site(s) where it 

is introduced. 
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Secondly, no allowance was made for the possibility of new entrants. The demand 

model can only be used to predict the change in activity by existing participants. This is 

not considered to be a major deficiency of the model because the influx of new 

participants into the Perth metropolitan fishery following an improvement in catch rates, 

or other quality attribute, is expected to be small. 

A troubling aspect of the random utility model is the property of non-convexity. It is 

thought that this property was responsible for causing consumer surplus to rise at an 

increasing rate with improvements in catch rate instead of diminishing at the margin (or 

at least remaining constant). This problem may mean that the R U M is only suitable for 

valuing small changes in quality attributes. Further research is warranted to establish 

guidelines for overcoming this obstacle. 
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At the beginning of the thesis it was asserted that government agencies frequently make 

management decisions with little or no knowledge about the true impact their policies 

have on the economic well-being of amateur fishers. While management agencies often 

have a wealth of data about the catch, effort, and expenditure of the recreational sector, 

they seldom use these data constructively to make inferences about angler preferences 

and values. This is because methods for analysing recreation demand are rarely 

understood by managers and are often treated with suspicion. Part of the problem lies 

with the economics profession who, more often than not, fail to communicate the 

strengths and limitations of valuation techniques in layman terms. The other component 

of the problem stems from the fact that the techniques are still undergoing development 

and need further refinement before reliable and valid measures of economic surplus can 

be estimated. 

The thesis has contributed to this refining process by critically evaluating three methods 

for estimating non-market benefits, namely the travel cost method, the contingent 

valuation method and the random utility model. Each were evaluated in terms of their 

usefulness to quantify the marginal value of fish to the recreational sector and the 

benefits derived by anglers from having access to the fishery. The random utility model 

was afforded the most attention because a review of the literature (Chapters 3 and 5) 

indicated that this technique offered a number of advantages over the other techniques. 

The conclusion to the thesis is divided into three sections. Section 10.1 contains a 

review of the main methodological advances that were made in relation to modelling 

angler demand. It is argued that the travel cost and contingent valuation methods are 

weak at eliciting marginal values for fish and, consequently, are inappropriate for 

analysing resource allocation. O n the other hand, a random utility framework appears to 

be much more useful. It is concluded that, within such a framework, it is important to 

measure individual perceptions and account for variable fishing conditions when 

estimating the model. Section 10.2 contains a discussion of the main insights that were 

gained in the process of developing a random utility model of recreational fishing and 

highlights the implications of these findings for managing the recreational sector. Lastly, 
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in Section 10.3, propositions are put forward about the future role of non-market 

valuation in fisheries economics. 

10.1 Methodological Developments 

The two techniques of travel cost and contingent valuation continue to be used by 

economists to estimate recreational values, but this thesis has shown that these methods 

have some serious limitations. In fact, they appear to be unsatisfactory for addressing 

many of the management issues that commonly relate to recreational fishing. Managers 

usually require information on the relative value of multiple sites and fish species, yet the 

results contained in Chapter 4 show that the contingent valuation method is unable to 

produce reliable estimates of these values. In general, when there are many fishing 

alternatives available to respondents, the traditional valuation methods do not suffice. 

Even in the situation where only one site and species exists, the contingent valuation 

method is likely to encounter problems. Despite following "best practice" guidelines, the 

willingness to pay question posed to respondents in this thesis was not interpreted in the 

way it was intended. The use of trip costs as a payment vehicle caused anglers to value 

their trip ex ante rather than ex post, which undermined subsequent efforts to elicit 

marginal values for fish. It is also thought that a large proportion of the sample used 

their current cost of travelling to a site as a starting point on which to base their bid, 

rather than offering their true willingness to pay. These findings suggest that although 

the traditional methods of analysis are reasonably simple and inexpensive to conduct, 

they should be avoided in future studies of recreational fishing. 

By comparison, the random utility model was found to be a much better analytical tool. 

It could be used to successfully estimate marginal values for fish and access values for 

particular sites. The welfare estimates calculated from the model were of a similar 

magnitude to those obtained by random utility studies conducted in the United States, 

which suggests that the technique is capable of producing reliable measures of economic 

surplus. Furthermore, most of the variables in the utility function were highly significant. 

The best specification correctly predicted approximately 3 0 % of choices made by 

respondents which, alongside comparative studies reported in the literature, is regarded 
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to be indicative of a good fitting model. Together these results lead to the conclusion 

that the random utility technique is a sound way of modelling consumer demand. 

Despite the overall success of the random utility study, two aspects were disconcerting. 

Firstly, the value of incremental improvements in catch rate were found to increase at the 

margin rather than diminish as would logically be expected. The cause of this 

phenomenon is thought to be an inherent property of the equation used to calculate 

expected m a x i m u m utility rather than a reflection of the data. Further research is needed 

to examine the circumstances under which this problem arises. Secondly, welfare 

estimates were found to be quite sensitive to the way alternatives were structured in the 

model. As discussed in the literature review, this finding is not unique to this study but it 

highlights the need to develop procedures for overcoming the arbitrary way these 

specification decisions are currently made. 

The thesis has extended the current literature on random utility modelling by 

experimenting with a range of different specifications for catch rate, one of the major 

attributes of recreational fishing. While other studies have independently used a variety 

of measures, there has been no single study that has compared different specifications 

and tested the performance of each model side-by-side. The results of this work showed 

that the explanatory power of a random utility model can be improved by allowing catch 

rates to vary over time and by making catch rate specific for each individual in the 

sample. 

Some experiments were also undertaken to examine whether an individual's own 

perceived level of success at each fishing location is a better predictor of choice than 

expectations based on actual catch rates. The results showed that an angler's perception 

of fish abundance was significantly influenced by the average productivity of a site 

(measured by mean actual catch rates recorded by the survey), media reports about 

fishing conditions, and a range of characteristics belonging to the individual. 

Interestingly, anglers' perceptions of the spatial distribution of fish abundance did not 

coincide with the pattern of abundance indicated by actual catches. This initial finding 

supported the case for using perceptions rather than objective measures in the random 

utility model but, contrary to expectations, the use of perceptions did not improve the 
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explanatory power of the model. However, it did increase the size of the catch rate 

coefficient and, subsequently, the value estimates for fish calculated from the model. 

The results do not provide a convincing argument for using perceptions information in 

future work, especially since the task of collecting pre-trip expectations is difficult. 

While the survey instrument employed in this study was reasonably successful at eliciting 

expectations from a voluntary group of avid anglers, it is unlikely that the same degree of 

success could be met with a random sample of individuals from the angling population. 

In order to avoid unnecessary survey costs, a sensible course of action would be to firstly 

examine whether perceptions of quality are indeed different to objective measures. This 

could be ascertained using a small pre-test or focus group. The findings of this first 

study could then be used to decide whether a full scale survey of perceptions is 

warranted. 

10.2: Research Insights and Implications for Policy 

One of the concepts that was explored extensively by this thesis, but often overlooked by 

fishery managers, is substitutes and substitution behaviour. In a recreational fishery that 

has many sites and/or species, there is bound to be a subset of alternatives that are 

substitutes for one another. In this situation, the value of a site (or species) is dependent 

upon the context in which the good is valued. For instance, simulations using the 

random utility model demonstrated that a combined collapse of two "substitutable" fish 

species is far more costly than the estimated sum of losses from each species valued 

independently in the presence of a substitute. Managers should therefore concentrate 

their efforts on protecting fish stocks and sites that are popular among anglers and have 

few or no substitutes. 

The issue of heterogeneity among individual anglers was also explored. Differences in 

angler characteristics were formally accounted for when estimating economic values 

using the random utility model. Heterogeneity caused the benefits and costs of changes 

to a fishery to be spread unevenly across individuals in the fishery. For example, the 

model showed that fishers with over 20 years of experience stand to gain the most from 

an improvement in fish abundance. It follows that if a management agency was 
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considering imposing a user fee for its services, then charging a uniform fee across all 

anglers would be inefficient. A better policy would be to levy experienced anglers at a 

higher rate than their inexperienced counterparts. 

Managers are often faced with the difficult decision of having to close a popular fishing 

site temporarily in order to allow fish stocks to recover. Such an action imposes an up

front cost on anglers in return for a future benefit. The random utility model was capable 

of estimating the size of this cost. In Chapter 9 it was shown that sites furthest away 

from the metropolitan area were less valuable to anglers than those within close 

proximity to the population centre, reflecting the higher travel costs associated with 

distant sites. Of course, this finding cannot be generalised to all fisheries. It is quite 

possible for distant sites to be more valuable than closer sites if they have an 

exceptionally high level of quality. 

The modelling work suggests that managers of recreational fisheries need to broaden 

their focus beyond just the fish resource itself and consider other attributes associated 

with fishing sites. This conclusion is based on the finding that anglers placed a value on 

continued access to the study area that was five times greater than their willingness to 

pay to avoid a complete loss in fish. More research with a less aggregated choice model 

is needed to identify exactly which site attributes are most valuable to anglers, but the 

results of this study indicate that amenity values are of equal or greater significance than 

fish values. 

10.3 The Future Role of Non-Market Valuation in Fisheries Analysis 

The thesis has demonstrated that tractable economic models of recreational fishing can 

be developed and are potentially useful for guiding management decisions. However, in 

most instances management agencies are unprepared to commission such an analysis on a 

regular basis because it is too costly and complex. The information needed to 

supplement basic catch and effort data is expensive to collect and there is generally a lack 

of skilled people available to oversee the analysis. In addition to these obstacles, the 

resultant models are often presented in a format that is too unwieldy for managers to 

comprehend. 
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A number of possibilities should be investigated to overcome these problems. Firstly, the 

cost of conducting surveys could be reduced if an appropriate method was developed for 

transferring model results from one fishery to another. The literature on benefit transfer 

is expanding, but more research is required. Secondly, there is plenty of scope for 

improving the user interface of simulation models so that decision-makers can 

experiment with "what if scenarios. Such an interface has been developed by 

Adamowicz and Boxall (1997) in their analysis of moose hunting. Thirdly, a stated 

preference version of the random utility model known as "choice modelling" m a y be a 

more efficient way of eliciting angler preferences. It would overcome the need to 

conduct a log book survey, thereby reducing the cost of collecting information 

considerably. 

Techniques such as choice modelling have the potential to fulfil a wider role beyond just 

establishing dollar values. As reasoned by Adamowicz and Boxall (1997), the very 

process of conducting a choice modelling experiment could facilitate greater public 

involvement in fisheries management. This is because it provides a much more 

structured approach for gauging people's opinions and preferences relative to the 

"attitudinal surveys" that are frequently conducted to canvas public opinion about 

management changes. 

The content of this thesis has dealt with the technical aspects of measuring non-market 

benefits, but another equally important topic for research relates to social and/or market 

institutions. In future it would be desirable to reduce our reliance on analytical tools for 

revealing values and, instead, develop institutions for signalling information about 

society's demand for recreation services. For example, certification schemes are an 

example whereby the institution of a market is used to signal consumers' demand for 

"environmentally friendly" products. If consumers value the environment, then they will 

be willing to pay a premium for products that are certified as being produced in an 

environmentally friendly manner. In time it is feasible that similar institutions could be 

introduced to reveal information about the demand for recreational fishing. 
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APPENDIX A: Contingent Valuation and Travel Cost Questionnaire 

This appendix contains a complete copy of the questionnaire used to collect data for 
estimating the contingent valuation and travel cost models. Full details of this study 
appear in Chapter 4. 

Pre-interview Information 

Date of this Interview. 

Date of Creel Interview 

Creel ID Number 

Site Location 

Distance of site to closest major town 

Congestion at site 

Distance of respondents origin to the fishing site. 

M e m b e r of angling club? 

Hours spent travelling 

Interview Questions: 

1. H o w many days have you fished over the past 12 

months? 

2. H o w many days did you spend fishing at the survey site? 

3. M y records show that at the time of the Creel Interview 

you had caught (see right). 

Is this representative of your average daily catch on whole 

trip? (yes, no) If not what was your catch? 

4. H o w many hours did you spend fishing at the site? 

5. Over the last 12 months, how many visits have you made 

to the site? If M U L T I P L E trips, what is the average 

duration (days)? 

6. What is your employment status? (circle one). 

7. At the time of the Creel Interview the weather and sea 

conditions at survey site were recorded as (see right): 

H o w would you rate the conditions for fishing on the 

majority of the trip? (circle one). 

Poor, below average., average, above average, excellent. 

8. W a s fishing the primary activity on this trip? (circle one) 

9. Main species of fish you were targeting? 

salm herr other. 

employed, retired, U/E, student. 

Wind: 

Seas: 

Cloud: 

yes, no 

Salmon, Herring, Others (specify) 

238 



Appendix A: Contingent Valuation and Travel Cost Questionnaire 

10. Catching fish may be only one of a variety of reasons why people go fishing. Using the scale on this 

card (show), please indicate to what extent you agree with each of the following statements about your 

satisfactions from FISHING during the trip on which you were interviewed. 

A. I would not have been satisfied with the fishing experience unless I caught something. 

B. The fishing experience would have been successful to me even if no fish were caught. 

C. I would have been equally happy with the fishing experience regardless of whether I caught some 

fish or caught nothing. 

Strongly disagree 

Disagree 

uncertain 

Agree 

Strongly Agree 

Statement No. 

A 
(D 
(2) 

(3) 

(4) 

(5) 

B 
(5) 

(4) 

(3) 

(2) 

(D 

Total Score: 

C 
(5) 

(4) 

(3) 

(2) 

(1) 

Trip Expenses 

11. For the trip on which you were interviewed, I would like you to estimate how much money you 

spent on each of the following items: [For group trips, ask for the angler's share of expenses] 

Fuel for the return trip 

Vehicle R & M . 

Lost tackle and gear. 

Bait and ice 

Food and Beverage 

Accommodation. 

Daily cost 

. -

$ 

$ 

$ 

TOTAL: 

Trip cost, (daily cost * 

No. days) 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

12. What proportion of the trip expenses was due to fishing? 

13. H o w much do you estimate your fishing gear is worth at today's 

prices (2nd hand value) 

The following questions refer to what you are prepared to spend on fishing: 

14. Please use this card (show) to indicate your personal annual income. 

Call out the letter which corresponds. 
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Appendix A: Contingent Valuation and Travel Cost Questionnaire 

15. H o w much of this would you spend on entertainment, sport, hobbies etc 
over 12 months? (% or $). 

16. H o w much would you have spent on fishing over the last 12 months? 

17. Recall that for the trip on which you were interviewed you spent 

$ Based on your catch, weather.and enjoyment, do you think the 
trip was worth the expense? 

18. Suppose that it becomes more expensive to go fishing. Based on your 

enjoyment at the survey site, would you still have taken the trip if costs had 
been higher. 

19. H o w much would costs have to rise to before you decide that your 
experience at the survey site was not worth the expense? 

20. Would you have preferred to catch some (more) salmon? If no, go to 23. 

21. H o w many salmon in a day would have satisfied you? 

22. If you had been fortunate enough to catch this number of salmon, would 
this have increased the value of the trip stated above in question 19? If so, by 

how much? 

23. Would you have preferred to catch some (more) herring? If no, go to 26 

24. H o w many herring in a day would have satisfied you? 

25. If you had been fortunate enough to catch this number of herring, would 

this have increased the value of the trip above $? H o w much? 

(if no, go to 26) 

(if no, why not? 

then go to 26) 

(if don't know go 
to 26) 

(if no, why not? 
then go to 26) 

26. There may have been a number of things on the trip which detracted from your enjoyment of fishing. 
Using the scale on this card, please indicate the extent to which you found each of the following things a 

problem. 

No problem at Very slight Uncertain Minor Major 
all problem problem problem. 

12 3 4 5 

A. The quality of the access roads into this particular fishing site. 

B. The availability of facilities such as toilets, kiosk, and steps to the beach at this particular 

fishing site. 

C. The level of pollution on the beach and in the water on this particular day of fishing . 

D. The number of other people at fishing sites on this particular day of fishing. 

E. The presence of commercial fishermen in the region on this particular day of fishing . 

END OF OUESTIONAIRE 



APPENDIX B: Supplementary Estimation Results 

Table 1: Estimation results for the multinomial logit model of region/target choice. Results shown 
in the first 3 columns are discussed in Chapter 8. Results listed in the fourth column (shaded) were 

obtained using a log transformation of the catch rate (CR) attribute. Values in parenthesis are 
standard errors. 

Variable 

PRICE 

CR (TAB) 

CR (BB) 

CR (NT) 

COAST 

DIVERSE 

SIZE 

HOUSE 

Observations 

L. likelihood 

LRI 

Model type, based on specification of the C R variable. 

Static sample mean 

(MCRjk) 

-0.2155 (-10.1)** 

0.0273 (0.14) 

-0.1954 (-2.23)* 

-0.0563 (-0.68) 

0.0507 (5.11)** 

0.4582 (3.62)** 

0.7616 (5.69)** 

1.1739 (3.31)" 

671 

-1054.55 

0.2847 

Weekly sample mean 

(MCRjkt) 

-0.2271 (-10.7)" 

0.6227 (5.08)" 

-0.0082 (-0.11) 

0.1321 (3.04)" 

0.0529 (5.31)" 

0.4523 (3.57)" 

0.7464 (5.60)" 

1.176 (3.33)" 

671 

-1051.43 

0.2868 

Predicted objective 

(Qjkt) 

-0.2401 (-11.0)" 

0.5442 (6.18)** 

0.1881 (2.62)** 

0.2296 (5.27)" 

0.0556 (5.50)** 

0.4844 (3.80)" 

0.7244 (5.46)" 

1.0710 (3.01)" 

671 

-1044.72 

0.2914 

Predicted perceived 

LogiEQjk,) 

-0.2265 (-10.70)** 

1.3084 (2.30)* 

0.6648 (1.25)* 

0.9152 (1.93)* 

0.0543 (5.45)** 

0.4574 (3.61)** 

0.7479 (5.61)" 

1.1447 (3.24)** 

671 

-1062.88 

0.2791 

* denotes significance at 5 % ** denotes significance at 1 % 

The log likelihood ratio index (LRI) is a pseudo R2 value and is defined as l-[log(Lo)Aog(LR)], where Lo is the 

maximum value of the likelihood function of the unrestricted model and L R is the likelihood value of the 

restricted model (ie. all coefficients set to zero). 

Table 2: O L S regression results for the function used to estimate each respondent's fuel costs 

associated with visiting a site. 

F U EL = 0.4521 + 0.11 (DISTANCE) 

R2 = 0.6769 

FUEL = Individual's expenditure on fuel for a return trip to site j. 

DISTANCE = 

area and sitej. 

T h e return distance (km) between the angler's residential post code 
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Table 3: Coefficient estimates and diagnostics for nested logit models with a region-target nesting 

structure. This structure is a reversal of that used in the body of the thesis (see Figure 8.1). The 

models were estimated by full information m a x i m u m likelihood (FIML). Values in parenthesis are 

t statistics. 

Variable 

Target fish utility 

PRICE 
CR (TAB) 
CR (BB) 

CR (NT) 
COAST 

DIVERSE 

SIZE 

HOUSE 

SKILL 

YEARS 

GEAR 
Region utility 

IV(NM) 

rv(SM) 

IV (MAND) 

Observations 

Log likelihood 

LRI (adj.) 

Model type, based on alternative specifications of the C R variable. 

Predicted objective (Qjkt) 

-0.492 (-1.90) 

1.053 (5.70)" 

0.285 (2.51)* 

0.308 (3.73)** 

0.482 (1.36) 

0.649 (1.63) 

1.240 (1.84) 

1.831 (1.64) 

0.155 (2.65)" 

-0.038 (-5.66)" 

-0.87 xlO"5 (-0.26) 

0.724 (1.90) 

0.580 (2.00)* 

0.531 (2.08)* 

671 

-1474 

0.3167 

Predictec 

-0.376 

2.461 

1.444 

1.443 

0.508 

0.437 

0.990 

1.523 

0.128 

-0.057 

0.28 xlO'4 

0.943 

0.745 

0.671 

perceived (EQjia) 

(-2.07)* 

(5.52)" 

(3.50)" 

(3.85)" 

(1.30)' 

(1.56) 

(1.96)* 

(1.64) 

(2.22)* 

(-6.74)" 

(0.88) 

(2.1D* 

(2.09)* 

(2.07)* 

671 

-1474 

0.3233 

* denotes significance at 5 % ** denotes significance at 1 % 
The log likelihood ratio index (LRI) is a pseudo R 2 value and is defined as l-[log(Lo)-K/log(LR)], where 
L, is the maximum value of the likelihood function of the unrestricted model, L R is the likelihood value 

of the restricted model (ie. all coefficients set to zero), and K is the number of parameters estimated. 



APPENDIX C: Catch Rate Data. 

The catch rate data in this appendix was used to estimate the random utility models in 

Chapter 8. 

Table 1: Sample mean catch rates (fish/hr) by site and fish type. Statistics based on catches made 
by 86 respondents who participated in the 4 month log book survey. 

Site N o trips. 

N. Metro .175 

Pinnaroo Pt 61 

Trigg 14 

Floreat 33 

Swanboume 100 

Cottesloe 168 

S. Metro 280 

Fremantle Moles 102 

Woodman's Pt 34 

Cockburn Snd 75 

Warnbro Snd 57 

LongPt. 13 

Mandurah 159 

Mandurah Nth A 62 

Mandurah Sth B 89 

Preston Beach 7 

Mean catch rate (Std Error) 

All species 

2.4 (0.15) 

1.5 (0.25) 

2.5 (1.09) 

2.8 (0.39) 

2.4 (0.24) 

2.3 (0.22) 

2.6 (0.20) 

3.2 (0.39) 

2.5 (0.52) 

1.9 (0.26) 

2.6 (0.47) 

2.1 (0.55) 

3.3 (0.43) 

1.8 (0.60) 

4.3 (0.62) 

3.9 (1.09) 

Table fish 

0.7 (0.08) 

0.5 (0.09) 

0.4 (0.16) 

0.6 (0.17) 

1.6 (0.22) 

0.3 (0.04) 

0.8 (0.09) 

0.9 (0.19) 

0.5 (0.13) 

0.9 (0.16) 

0.7 (0.11) 

1.1 (0.38) 

0.8 (0.11) 

0.4 (0.08) 

1.1 (0.18) 

1.2 (0.38) 

B & B fish 

1.4 (0.13) 

0.7 (0.21) 

1.6 (0.85) 

1.8 (0.35) 

0.8 (0.15) 

1.8 (0.21) 

L 4 (0.16) 

1.6 (0.27) 

1.6 (0.50) 

0.9 (0.19) 

1.6 (0.48) 

0.7 (0.30) 

L 9 (0.11) 

1.1 (0.58) 

2.5 (0.53) 

2.5 (0.82) 
1 

A Mandurah Nth includes the sites: Singleton, Madora, and San-Remo. 
B Mandurah Sth includes the sites: Falcon Bay, Dawesville Cut, Tim's Thicket, and White Hill. 



Appendix C: Catch Rate Data 

Table 2: Historic mean catch rates (fish/hr) by site and fish type. Statistics are sourced from a 
creel survey of shore anglers conducted by the West Australian Fisheries Department (Ayvazian et 
al. 1997). The values in the table are based on records for the spring/summer seasons of 1994/95, 
95/96 and 96/97. 

Site 

N. Metro 

Pinnaroo Pt 

Trigg 

Floreat 

Swanboume 

Cottesloe 

S. Metro 

Fremantle Moles 

Woodman's Pt 

Cockburn Snd 

Wambro Snd 

Long Pt. 

Mandurah 

Mandurah Nth A 

Mandurah Sth B 

Preston Beach 

No interviews. 

420 

70 

13 

190 

22 

125 

1013 

444 

0 

197 

250 

0 

428 

111 

223 

90 

Mean catch rate (Std Error) 

All 

2.6 

4.2 

2.1 

1.7 

1.6 

3.2 

4.0 

4.4 

4.7 

3.3 

1.1 

1.5 

0.6 

2.0 

species 

(0.20) 

(0.65) 

(0.94) 

(0.25) 

(0.42) 

(0.35) 

(0.26) 

(0.52) 

Table fish 

0.2 (0.03) 

0.1 (0.06) 

0.2 (0.15) 

0.2 (0.05) 

1.1 (0.29) 

0.1 (0.03) 

0.6 (0.05) 

0.7 (0.09) 

No data available 

(0.45) 

(0.25) 

0.4 (0.08) 

0.5 (0.09) 

No data available 

(0.11) 

(0.25) 

(0.09) 

(0.30) 

0.3 (0.04) 

0.5 (0.10) 

0.3 (0.05) 

0.1 (0.06) 

B & B fish 

2.1 

4.1 

0.9 

1.4 

0.5 

2.5 

1.7 

1.5 

2.4 

1.6 

0.8 

1.0 

0.3 

1.9 

(0.18) 

(0.65) 

(0.79) 

(0.24) 

(0.20) 

(0.28) 

(0.03) 

(0.13) 

(0.27) 

(0.15) 

(0.10) 

(0.25) 

(0.08) 

(0.30) 

A Mandurah Nth includes the sites: Singleton, Madora, and San-Remo. 
B Mandurah Sth includes the sites: Falcon Bay, Dawesville Cut, Tim's Thicket, and White Hill. 

The total number of interviews in each region exceeds the sum of interviews across sites within a region 
because additional data were available for unlisted sites and these are included in the calculation of 

regional means. 
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APPENDIX D: Questionnaire for the Random Utility Study 

This appendix contains a complete copy of the log book survey used to collect trip 

information for the random utility model. 

PART A: INFORMATION ABOUT YOURSELF 

1. On what date did you fill out this form? 

Day Month 

2. Approximately how many days has it been 
since you last went fishing? 

3. Approximately how many fishing trips 
have you made over the last 12 months? 
(include boat and shore trips) 

4. Over the last 12 months, approximately 
how many boat and shore fishing trips 
have you made to each of the regions in 
the study area? (See page 4 of the logbook 
for a map of the study area). 

North metropolitan: 

South metropolitan: 

Mandurah: 

Bunbury: 

Busselton: 

Augusta: 

T O T A L TRIPS: 

5. Of the total number of trips that you gave 
in your answer to question 4, 
approximately what proportion primarily 
involved ocean-based shore fishing? 

10% 

20% 

30% 

40% 

50% • 

60% 

70% 

80% 

90% 

100% 

6. Do you own, or have access to, a beach 
house or similar form of accommodation 
in any of the following regions? (See 
page 4 of the logbook for a map of the 
study area). 

Please tick the appropriate box (es) 

| | Mandurah 

| | Bunbury 

I | Busselton 

I I Augusta 

7. Approximately how long has it been 
since you last went ocean-based shore 
fishing in each region? 

Please provide an answer for every 
region by placing a tick in the "time since 
last visit" box that best describes your 
answer. 

TIME SINCE 

LAST VISIT 

less than 1 week 

1 to 2 weeks 

2 to 3 weeks 

3 to 4 weeks 

1 to 2 months 

2 to 3 months 

3 to 4 months 

4 to 5 months 

5 to 6 months 

6 mths to 1 year 

1 to 2 years 

more than 2 yrs 

Never visited 

REGIONS 
o 
U 

% 
Xi 

Z 

o 
CO 

Xi 

X 
d 
IH 

3 
T3 
C 

2 

2? 
3 
X) 

c 
3 
OQ 

c 
o 
"33 
CO 
CO 

3 
CQ 

CO 

3 
W) 
3 

< 
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Appendix D: Questionnaire for the Random Utility Study 

8. From your personal experience, how 
would you rate each region in the study 
area in terms of its reliability at 
producing good sized fish off the 
beach, rocks or jetties? 

Use the scale below to indicate your 
answer by circling the most appropriate 
number alongside each region. If you are 
unfamiliar with the fishing conditions in a 
region, circle "don't know". 

1 

I 
Very 
poor 

Region 
Nth Metro 

Sth Metro 

Mand. 

Bunbury 

Busselton 

Augusta 

Poor 

2 

2 

2 

2 

2 

2 

Fair 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

Good 

5 

5 

5 

5 

5 

5 

Very 
good 

Don't know 

Don't know 

Don't know 

Don't know 

Don't know 

Don't know 

From your personal experience, how 
would you rate each region in the study 
area in terms of its reliability of 
producing a good range of desirable 
fish species off the beach, rocks or 
jetties? 
Use the scale below to indicate your 
answer by circling the most appropriate 
number alongside each region. If you 
are unfamiliar with the fishing conditions 
in a region, circle "don't know". 

1 

Very 
poor 

Region 

Nth Metro 

Sth Metro 

Mandurah 

Bunbury 

Busselton 

Augusta 

Poor 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

Fair 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

Good 

5 

5 

5 

5 

5 

5 

-I 
Very 
good 

Don't know 

Don't know 

Donlknow 

Don't know 

Donl know 

Don't know 

10. Are there any regions that you know 
now, with certainty, that you will NOT be 
visiting for the purpose of ocean-based 
shore fishing between now and 
December 31st 1997 ? (indicate your 
answer with a tick). 

| | North metropolitan 

| | South metropolitan 

| | Mandurah 

| | Bunbury 

Busselton 

Augusta 
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Appendix D: Questionnaire for the Random Utility Study 

11. Which one of the following best 
describes your employment status? (tick 
one box) 

Employed by someone else 

Self-employed 

Unemployed 

Student 

Retired 

Other 

12. Which of the following categories best 
describes your annual personal income 
before taxes? (circle one) 

1. Less than $6,000 6. 20,000-24,999 11. 50,000-59,999 

2.6,000-7,999 7.25,000-29,999 12.60,000-74,999 

3. 8,000-9,999 8. 30,000-34,999 13.75,000-99,999 

4. 10,000-14,999 9. 35,000-39,999 14. $ 100,000 & over 

5.15,000-19,999 70.40,000-49,999 

14. For how many years have you been 
actively fishing in Western Australia? 

15. How would you rate your level of fishing 
skill? (tick the box alongside the term 
that best describes your answer). 

Highly advanced 

Advanced 

Intermediate 

Basic 

16. Use the table below to approximate how 
much your fishing gear is worth. Please 
provide estimates of the replacement 
value of each item. Do NOT include 
boat, vehicles or trailer. 

Item 

Tackle (rods, reels, etc.) 

Specialised clothing 

Fishing books 

Other fishing equipment 

$ Replace't value 

13. Are you a member of a fishing club? 

(A). YES (B). NO 
Please mail this form back to UWA using 

the small postage-paid envelope 
provided. 

ID. Number: 



Appendix D: Questionnaire for the Random Utility Study 

PART B: H O W TO FILL OUT YOUR LOG-BOOK 

What do you need to record? 

Every time you go fishing we would like you to record information about your trip. The amount of 
information required will depend upon the type and location of fishing trip you have chosen to take. 
Please read on for more details. 

The Study Area. 

Pages four and five of this log book contain a map of the study area, divided into six regions, and 
a listing of the major fishing sites in the area. You will be asked to refer to these pages as you 
work through the questionnaire. 

Types of Fish. 

This survey, only deals with fin-fish species. It is not necessary to record your catches of squid, 
crabs, prawns, abalone or other shellfish. 

Definition of fishing trips. 

In this survey, a fishing trip is defined as any outing from your place of residence on which you 
were primarily involved in fishing. A trip may last part of a day or multiple days. It does not 
necessarily involve an overnight stay. 

This log book is designed to record only those fishing trips that you have taken and on which you 
have actively participated in recreational fishing. It would be appreciated if you do not ask other 
members of the household or friends to fill out the forms. 

Types of fishing trips. 

For the purposes of this survey, fishing trips have been categorised as belonging to one of four 
types: 

1. Boat fishing in coastal or inland waters. 

2. Ocean-based shore fishing. (For example, coastal sites where fishing takes place off beaches, 
rocks, and jetties). 

3. Inland shore fishing. (For example, rivers, lakes, estuaries, dams) 

4. Island fishing. (For example, Rottnest Island) 

In this survey we are only interested in collecting detailed information about your fishing trips that 
belong to category number two, that is ocean-based shore fishing. 

Furthermore, detailed records are only needed for ocean-based shore fishing trips that you have 
taken to locations within the study area (see page 4). For other types of fishing trips, 

we would like you to keep a record of the dates on which you took each trip, but no detailed 
information is required. 



Appendix D: Questionnaire for the Random Utility Study 

Records of Ocean-Based Shore Fishing Trips: 

The blue pages at the back of this log book are "Trip Forms". In order to maximise the usefulness 
of this survey you are asked to fill out Trip Forms A and B everytime you take an ocean-based 
shore fishing trip within the study area. Different types of fishing trips, or trips to locations 
outside the study area, will be recorded elsewhere in the log book. 

VERY IMPORTANT: 

For this survey to be most effective, we would like you to fill out Form A BEFORE you go on your 
trip and then fill out Form B as soon as possible AFTER you return from your trip. Only one set of 
forms need to be filled out per trip, regardless of the number of days the trip lasted. 

Records of Other Types of Fishing Trips. 

On page s/xof this log book you will find a calendar for the months of September 1997 to February 
1998. W e would like you to use this calendar to keep a record of the dates on which you took one 
of the following types of trips: 

• Boat fishing trip. 

• Inland shore fishing trip. (eg. rivers, lakes, estuaries, dams) 

• Island fishing trip. (eg. Rottnest Island) 

• Any type of fishing trip outside the study area. 

On the calendar, simply draw a circle around the days you were away on your trip. Include your 
departure and return dates. No other information is required. 

What if I forget to record a trip? 

For this survey to work most effectively, we would like you to fill out a trip form immediately 
before and as soon as possible after you take a trip . However, there might be occasions when 
you forget to make a record. In this event, please recall to the best of your ability the details of 
your trip and complete Forms A and B. Please write the date on which you filled out the forms at 
the top of Trip Form A. 

Return of Log Books 

We would like you to keep this booklet for a period of four months. Please start recording your 
fishing trips from the commencement date printed on the front cover of this log book. 

Once you have reached the end of the four month period (see date on the front cover) we would be 
grateful if you could promptly send the log book back to the University of Western Australia. 
Please use the postage-paid envelope that is enclosed in the plastic pocket at the back of the 
logbook. It would be appreciated if you do not remove pages from the book, or send back 
individual trip forms. 
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Appendix D: Questionnaire for the Random Utility Study 

Quick guide to m a k i n g records 

The following decision tree will help you to understand what needs to be filled out each time you go 
fishing. 

Is the destination of your fishing trip within one of the regions 
of the study area shown on page four(4p 

(3 
Circle your trip dates on the calandar on page six (6). 

This is the only record you need to make. 

Will you be predominantly involved in 
ocean-based shore fishing? 

I 
YES 

(beach, rocks and 
jetty fishing) 

NO 
(boat, estuary, river; 

lake, dam and 
island fishing) 

Circle your trip dates on the calendar on page six (6). 
This is the only record you need to make. 

Before you go on your trip, complete the front 
of a blue form (Trip Form A) Complete the 
back of the blue form (Trip Form B)as soon 
as possible after returning from your trip. 



Appendix D; Questionnaire for the Random Utility Study 

TRIP FORM A (Please complete this form BEFORE going on your trip) 

1. What is the date of your departure? Q Month: 

2. Will other people be accompanying you on this trip? 

a 
YES I — > Are you the main person responsible for organising this trip? (Yes/No) 

NO I — » . Skip to next question. 

3. Will this trip last for more than one day? 

YES I" "I ». (i) How many days do you intend to spend fishing? days. 

(ii) On average, how many hours per day do you intend to spend fishing? 

NO L^J —• How many hours do you intend to spend fishing? hrs. 

Site Choice 

4. At which site do you intend to spend most of your time fishing? Site Number: [^^J 

[Choose a site from the list of 44 sites on page 5 that corresponds most closely to your intended 
fishing location, and write the number of that site in the box]. 

Reasons for vour Choice of Region 

The site you chose in the previous question belongs to one of the six regions shown on page 4. 
This question aims to find out the main factors that influenced your choice of region on this 
particular trip. 

5. From the list below, please choose four (4) statements that most accurately describe your 
reason for choosing a particular region. Rank your choices in order of importance by writing a 
number 1 to 4 alongside your chosen statements, where 1 is most important and 4 is least 
important. 

| | A. I have not visited this region or site for some time, so I am due for a visit. 

| | B. The cost of travelling to and from this region fits my budget. 

| | C. On this occasion, this region offers a good chance of catching the type of fish I am 
^•^^ targeting. 

| | D. I am seeking the isolation and solitude that this region offers. 

I E. On this occasion, this region offers a good chance of catching good sized fish. 

| | F. On this occasion, the travel timeXo and from this region fits the time available to me. 

• G. I have access to accommodation in this region and/or I plan to meet up with friends or 
relatives who live in this region. 

I I H. There is good camping and/or scenery at sites in this region. 
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Appendix D: Questionnaire for the Random Utility Study 

TRIP F O R M A (continued) 

Choice of Target Fish Type 

6. For the purposes of this survey, species of finfish that are commonly targeted by anglers have 
been sorted into four groups. Please use the table below to identify which grouping best 
describes the type of fish you plan to target on this trip, then tick one of the options. 

| | G R O U P 1: Table Fish 

| | GROUP 2: Bread & Butter Fish 

I | GROUP 3: Reef Fish 

| | GROUP 4: Prize Fish 

I am not targeting any species, or I am targeting fish from two or more groups 

GROUP 1 

Table Fish 
Skippy 
Tailor 
Tarwhine 
King George whiting 
Flathead & Flounder 
Silver bream 
Leather jacket 

GROUP 2 

Bread & Butter Fish 
Herring 
Garfish 
Whiting (school, yellow fin & sand) 
Blue Mackerel 
Yelloweye Mullet 
Bonito 

GROUP 3 

Reef Fish 
Sweep 
Groper/Wrasse 
Snapper 

GROUP 4 

Prize Fish 
Australian Salmon 
Mulloway 
Shark 

: 

Catch Expectations 

The next three (3) questions aim to find out the number of fish you expect to personally catch on 
this trip. 

IMPORTANT: If you selected a target group at Question 6. please confine your answers to 
the types of fish that belong to that group. 

7. How would you rate your odds of catching at least one fish over the entire duration of this 
trip? Please indicate your answer by ticking one of the boxes on the scale below. 

T 1 
1 in 5 Q j 2 in 5 Q [ 3 in 5 Q | 4 in 5 | j 

(20% chance) (40% chance) (60% chance) (80% chance) 

8. If you are successful at catching one or more fish on this trip, how many FISH IN T O T A L do 
you think you are most likely to catch over the entire duration of the trip? Please write your 
answer in the table below alongside the region you plan to visit on this trip. 

North Metro: 

South Metro: 

.fish 

fish 

Mandurah: 

Bunbury: 

fish 

fish 

Busselton: 

Augusta: 

fish 

fish 
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9. Now consider what your catch might be on this trip if you were to spend the same amount of 
time fishing at one of the other regions in the study area. Please complete the table above by 
writing down how many fish you think you are most likely to catch at your favourite site in 
each region. 

IMPORTANT: Please try to provide an answer for all regions unless you are completely 
unfamiliar with the fishing conditions in a region. 

End of Form A Questions. Please fill out Form B on the other side of this 
page when you return from your trip. 
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TRIP F O R M B (Please complete this form AFTER you return from your trip) 

1. W h a t date did you arrive Day: Month: back from your trip? 

2. Have you returned from a trip lasting more than one day? 

YES | | —• (i) How many days did you actually spend fishing?. _days. 

NO 

(ii) O n average, how many hours per day did you actually spend fishing? 

L^J —• How many hours did you actually spend fishing? hrs. 

Site Choice 

3. At which site did you actually spend most of your time fishing? Site Number: [^J 

[Choose a site from the list of 44 sites on page 5 that corresponds most closely to your actual 
fishing location, and write the number of that site in the box]. 

Trip Expenses 

4. In the table below, please record the approximate amount of money you personally spent over 
the course of this fishing trip. If you shared the cost of any items with other people on the trip, 
or if someone else covered the expense, tick the box marked S and write down the amount 
you personally spent. 

Item 

Car fuel 

Bait and ice 

Value of lost tackle 

Food and beverages 

Accommodation 

(include camping fees where applicable) 

$Cost S 

Actual Catch 

5. In the table below, record the number and species of finfish that you personally caught (kept 
and released) on this trip. For finfish you could not identify, write h o w m a n y you caught 
alongside the "miscellaneous" category. 

Species caught 

CO 

liiL 
(iii) 

(iv) 

Kept Released Species caught 

M 

(vi) 

(vii) 

miscellaneous 

Kept Released 



APPENDIX E: Welfare Calculation for the Nested Logit Model 

The following formula was used to calculate an individual's "per trip" consumer surplus (CS) 
for access to all alternatives in the choice set. 

cs = li„ 
M 
X(exp{fl'X m+a m/V m}) 
m=l 

= JIVM (1) 

where IVm is the inclusive value for the lower level of the nest. It is a measure of the 
expected m a x i m u m utility from the set of J alternatives nested below alternative m. It is 

defined as: 

IVm = ]n 
m 

£expV„y/Ofo 
7=1 

(2) 

I V M is the inclusive value for the upper level of the nest. It is a measure of the expected 

m a x i m u m utility from the set of M alternatives. 

Other terms in Equations 1 and 2 are defined as follows: 

Jm = the set of lower level alternatives nested below each upper level group, m, 

M = the set of upper level alternatives, 

X m = the vector of attributes associated with the upper level alternative, m, 

V m j = the indirect utility associated with alternative j nested below alternative m, 

ocm = the inclusive value coefficient or 'dissimilarity parameter'. Each IV belonging to an 

upper level alternative m has a separate parameter. 


