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ABSTRACT 

In many regions the problem of unrestrained recreational use of protected natural areas 
remains largely unresolved. This is despite considerable evidence that unrestrained 
levels of visitation can be unsustainable, both in terms of impact on the environment 
and on the recreational experience. This paper seeks to answer two questions: First, to 
what extent are visitors willing to forego access to publicly owned protected natural 
areas in order to ensure less crowding and/or better environmental outcomes? Second, 
if access is to be restricted, how should any remaining access rights be allocated? 
Using Lake McKenzie, Fraser Island, as a case study site and employing the choice 
modelling non-market valuation technique, it is found that visitors were, in general, 
willing to trade off some degree of access rights for better environmental outcomes 
and reduced crowding (particularly the former). In regards to the choice of rationing 
mechanism, it is clear that peak pricing is not supported, whereas visitor caps and four-
wheel drive access restrictions have broad support -- although segments of the 
population are opposed to the latter.   
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The National Parks present another instance of the working out of the tragedy of 

the commons. At present, they are open to all, without limit. The parks 

themselves are limited in extent – there is only one Yosemite Valley – whereas 

population seems to grow without limit. The values that visitors seek in the parks 

are steadily eroded. Plainly, we must soon cease to treat the parks as commons 

or they will be of no value to anyone. 

What shall we do? We have several options. We might sell them off as private 

property. We might keep them as public property, but allocate the rights to enter 

them. The allocation might be on the basis of wealth, by the use of an auction 

system. It might be on the basis of merit, as defined by some agreed-upon 

standards. It might be by lottery. Or it might be on a first-come, first-served 

basis, administered to long queues. These, I think, are all the reasonable 

possibilities. They are all objectionable. But we must choose – or acquiesce in the 

destruction of the commons we call our National Parks. 

(Hardin, 1968 p.1245) 

1. Introduction 

As illustrated by the above quotation, the issues that this paper seeks to address are not 

new. Nonetheless some forty years after Hardin’s seminal article was published, the 

problem of unrestrained recreational use of protected natural areas remains largely 

unresolved. In Australia (as in many other parts of the world) open access is the default 

policy setting for most protected natural areas, including World Heritage sites. This is 

despite considerable evidence that, in many cases, current levels of visitation are 

unsustainable, both in terms of impact on the environment and on the recreational 

experience. Moreover, there seems to be little concerted research undertaken to explore 

visitors’ preferences for alternative management regimes to justify the current stance; it is 

simply assumed that visitors would oppose any attempt to ration access.1 The primary 

purpose of this paper is to test this assumption. 

                                                      
1 Henderson, R. Director, Tourism and Visitor Management, Parks Division, Queensland Parks and Wildlife 
Service. Personal communication. 3 June 2006. 
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More specifically, using Lake McKenzie, situated on World Heritage listed Fraser Island, as a 

case study site, and employing the choice modelling non-market valuation technique, this 

paper seeks to answer two questions: First, to what extent are visitors willing to forego 

access to publicly owned protected natural areas in order to ensure less crowding and/or 

better environmental outcomes? And second, if access is to be restricted, how should any 

remaining access rights be allocated? The objective of the paper is therefore to test the 

‘open access at all costs’ approach to managing protected natural areas, and to offer 

guidance to policy makers regarding the preference of visitors for alternative management 

options. 

Following discussion with the Queensland Parks and Wildlife Service (QPWS) (the Island’s 

managers), attention is restricted to independent visitors only (i.e. those not on commercial 

tours). The QPWS are of the opinion that commercial tour operators are already sufficiently 

regulated and the issue of open, unrestricted, access applies predominately to independent 

visitors, who make up 45 per cent of the total. The recreational value of independent 

visitation is substantial, with estimates suggesting a consumer surplus accruing to 

Australian-resident independent visitors to Fraser Island in the order of $191.4 million per 

annum, or $1,461.73 per-person per-visit. The equivalent figures for Lake McKenzie alone 

are $31.8 million and $242.84 (Fleming & Cook, 2008).2 

The paper proceeds as follows. Section 2 discusses the issue of rationing access to protected 

natural areas. The case study site is introduced in Section 3. Survey design, including choice 

modelling attribute and attribute-level selection is the subject of Section 4. Model 

estimation is discussed in Section 5. Welfare estimates are calculated, presented and 

discussed in Section 6. Section 7 concludes. 

2. Rationing access to protected natural areas 

The practice of rationing access to protected natural areas has been controversial since it 

first became widespread in the United States in the 1970s and the imposition of policies 

designed to reduce, or manage, demand for access to natural areas remains one of the most 

contentious issues in protected area management today (Freimund & Cole, 2001). Those 

who support the use of rationing or demand management mechanisms point to a body of 

                                                      
2 Unless otherwise stated, all figures are in AUD. As at 8 February 2011 AUD $1 = $1.01 USD. 
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literature indicating that, when faced with protected natural areas being used beyond 

capacity, visitors are generally supportive of use-limits. For example, in one of the earliest 

studies, Fazio and Gilbert (1974) find that 86 per cent of successful, and somewhat 

remarkably, 80 per cent of unsuccessful applicants for permits to visit Rocky Mountain 

National Park in Colorado were supportive of rationing; a result largely supported by the 

findings of Cole, Watson, Troy and Spildie (1997) and Cole (2001). There is however, 

evidence to suggest that these findings might be culture-specific (cf. Williams, 2001) and no 

comparable research has been undertaken in the context of a protected natural area in 

Australia.  

The arguments put forward by those who oppose the imposition of rationing or demand 

management policies are extensive. Many argue that indirect (non-regulatory) measures, 

for example education, should be attempted before regulatory measures and that these 

might succeed in alleviating the problem without unnecessarily impinging on the rights of 

visitors (Hall, 2001). Hendee, Stankey and Lucas (1990) go further, concluding that although 

use-limits may be the only alternative in some cases, “…direct rationing of use should be a 

last resort after every other appropriate approach has been exhausted.” (p.406). 

A primary concern is the distributional consequences of rationing policies. Depending upon 

the rationing mechanism used, use-limits favour certain visitors over others. At a more 

primary level, the imposition of rationing policies favours those tolerant of regulation and in 

search of solitude, at the expense of those who favour freedom and spontaneity; of course 

the reverse is true if the decision is made not to impose rationing policies (Hall, 2001). 

One of the more compelling arguments against the use of rationing or demand 

management mechanisms is evidence of a non-linear relationship between use and impact, 

either on the environment or on the recreational experience. In relation to the former, 

research has shown that most impacts occur at relatively low levels of use, with many 

impacts exceeding thresholds after very little use and further use having very little 

additional impact (Cole, 1992; Cole & Fichtler, 1983). This suggests use-levels would have to 

be severely reduced to bring about noticeable improvements in the environment. Two 

further arguments against rationing access are that use-limit policies, as commonly 

implemented, provide no incentive for individual visitors to reduce impacts (since merit is 
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generally not a basis for allocating use) and that use-limits in one area may simply lead to 

visitors moving elsewhere, displacing, rather than fixing, the problem (McCool, 2001). 

3. Lake McKenzie, Fraser Island 

Situated less than five kilometres off the Queensland coast, at the southern end of the Great 

Barrier Reef and some 250 kilometres north of Brisbane (see Figure 1); Fraser Island is the 

largest sand island in the world and one of Australia’s iconic natural attractions. Inscribed 

under criteria (vii) and (ix)3 on the World Heritage List in 1992, the Island attracts in excess 

of 300 000 visitors per year (Fraser Island Defenders Organization, 2006).  

This level of visitation poses some significant threats to both the Island’s environment and 

the recreational experience of visitors. In regards to the former, visitors contribute to a 

range of environmental problems including erosion, litter disposal, human-wildlife 

interactions and contamination of the Island’s freshwater resources (Hadwen & Arthington, 

2003). The impact of the current level of visitation on the recreational experience is less well 

understood. In a survey of visitors to the Island in 2002, Tourism Queensland (2002) reports 

an overall mean visitor satisfaction score of 4.59 out of five, with 64 per cent of respondents 

reporting to be ‘very satisfied’ with the Island, and a further 30 per cent reporting to be 

‘satisfied’. While respondents were asked to report their level of satisfaction with 26 

different aspects of their visit to Fraser Island, ranging from the price of petrol (the aspect 

with the lowest satisfaction rating) to the weather (the aspect with the highest rating), 

respondents were not asked to comment on the management of the Island, nor on the 

number, and behaviour, of other visitors. 

In contrast to this relatively positive assessment, in its first periodic report on the Island, the 

Fraser Island World Heritage Area Scientific Advisory Committee acknowledged that there is 

potential for changes to occur in the visitor experience as visitor numbers increase. 

According to the Committee, these changes could be attributed to overcrowding in high use 

areas and to increased interaction between visitors in more isolated parts of the Island. 

Moreover, the potential for recreation succession (the phenomenon whereby visitors 

                                                      
3 Criteria (vii): to contain superlative natural phenomena or areas of exceptional natural beauty and aesthetic 
importance. Criteria (ix): to be outstanding examples representing significant on-going ecological and 
biological processes in the evolution and development of terrestrial, fresh water, coastal and marine 
ecosystems and communities of plants and animals (UNESCO, 2007) 
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seeking a wilderness experience are displaced by the ‘mass tourist’) and homogenisation of 

the visitor experience is specifically highlighted as a threat to the diversity of opportunity 

that Fraser Island currently offers. The Committee went on to recommend that “…visitor 

management should be a priority action in order to minimise resource impacts and optimise 

the quality of visitor experiences and visitor safety.” (Queensland Environmental Protection 

Agency, 2002, p. 35).  

[Insert Figure 1 here] 

Lake McKenzie, situated in the southern third of the Island (see Figure 2) is arguably the 

most marketed and renowned site on Fraser Island. The Lake has a long history of conflict 

between user groups and has been ranked the site most under pressure from tourism on 

the Island (Hadwen, Arthington, & Mosisch, 2003). If the Lake’s environment continues to 

degrade, particularly if nutrient levels rise, there is a risk of unsightly and damaging algae 

blooms. Moreover, current levels of visitation are a source of frustration for visitors, as 

existing infrastructure, including the car park, becomes congested. 

[Insert Figure 2 here] 

An evaluation of desired site capacities on Fraser Island undertaken on behalf of the QPWS 

finds that Lake McKenzie has an average daily visitation rate of 350 people in off-peak 

periods, rising to an average of 1 200 people during peak times; making Lake McKenzie the 

second most visited site on the Island (EDAW, 2002). The report concludes by noting that 

current usage of the site exceeds its carrying capacity in terms of desired recreational 

experience within a World Heritage Area and in regards to the generation of site-specific 

environmental impacts such as erosion in car parks, effluent treatment and general 

appearance, as well as perceived crowding and noise. Thus the report’s authors recommend 

that the carrying capacity of Lake McKenzie, under current levels of infrastructure 

development, be reduced by approximately 25 per cent.  

4. Survey design 

A choice modelling survey instrument was employed in order to obtain information about 

independent visitors’ preferences for alternative management regimes.4 On-site sampling 

was undertaken on two occasions, once during a peak period and once during an off-peak 

                                                      
4 A copy of the survey is available on request. 
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period. In addition, a copy of the survey was placed on-line. In total, 576 usable responses 

were obtained, a response rate of 32 per cent. Full details of survey methodology and a 

comparison of the on-site and on-line survey modes can be found in Fleming and Bowden 

(2009).  

The choice modelling technique is centred on the idea that any good can be described in 

terms of its attributes and the levels these take. Clearly, therefore, determining the 

appropriate attributes to present to respondents to describe the good, or in this case, policy 

scenario, under consideration is critical to the success of the choice modelling exercise. In 

determining which attributes to include, two perspectives need to be taken into account. 

First, the attributes need to be relevant to the policy making process, and in this application 

should therefore be consistent with policy instruments and outcomes considered plausible 

by the QPWS. Second, the attributes must have meaning to survey respondents (visitors to 

Fraser Island). Following consultation with the QPWS, both at head office and ranger level, 

discussion with other choice modelling practitioners and previous visitors to the Island, four 

attributes were chosen for inclusion within the choice model. These are visitor management 

(or rationing mechanism), cost of vehicle access, quality of the environment and the number 

of visitors encountered while at Lake McKenzie.  

In regards to the visitor management attribute, three rationing mechanisms are considered: 

a visitor cap for the Island; four-wheel drive access restrictions; and peak pricing. The visitor 

cap is described to respondents as involving the placement of a limit on the number of 

Recreation Areas Management (RAM) vehicle access permits issued in any one calendar 

month (these permits are required by those taking a vehicle on to the Island). Four-wheel 

drive access restrictions is described to respondents as closing the current four-wheel drive 

access road to Lake McKenzie, thus requiring those wishing to visit the Lake to walk for 

approximately 30 minutes from a newly designated parking spot.5 Peak pricing is described 

to respondents as involving the doubling of RAM vehicle access permit prices during the 

peak visitation months of January, April, September and December. Price rationing, 

although rarely favoured by natural resource managers, is often regarded as the 

conventional economist’s response.  

                                                      
5 Reducing the level of visitation to a nature-based recreation site by making access more difficult was first 
suggested by Scitovsky (1964), who put it forward as a more equitable solution to over-visitation than charging 
an entrance fee; a position later supported by Hardin (1969). 
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The cost of vehicle access attribute is described in terms of the existing RAM fee ($32.40 at 

the time of the survey). The creation of a hypothetical Lake McKenzie site-specific entry 

charge was considered, but rejected, as discussion with the QPWS suggested that such a 

charge is highly unrealistic from a policy perspective. The use of an existing charge as the 

monetary attribute has the advantage of being familiar to respondents and should therefore 

be credible. To enhance acceptability, respondents are informed that, like existing revenue, 

all future revenue goes towards managing the Island and that all other costs remain 

unchanged. Respondents were asked to consider four possible prices that visitors could face 

in 2012. 

The environmental quality attribute is described in terms of both terrestrial and aquatic 

quality. Draft surveys contained two environmental attributes, one for the quality of the 

terrestrial environment and one for the quality of the aquatic environment. However, pre-

testing of the survey and discussion with choice modelling practitioners raised concerns that 

these attributes were regarded by respondents as highly correlated or even causally-related. 

That is, respondents expected high (low) levels of terrestrial environmental quality to be 

always associated with high (low) levels of aquatic environmental quality and vice versa. 

This idea was therefore discarded and a combined terrestrial and aquatic environmental 

quality attribute created. Respondents were asked to consider four possible levels of 

environmental quality for Lake McKenzie and its immediate surrounds in 2012. 

A visual approach is used to depict alternate levels of visitation to Lake McKenzie. This 

approach is preferred to relying on written descriptions such as ‘high’, ‘medium’ and ‘low’, 

largely because written descriptions are considered too open to interpretation; a ‘medium’ 

number of visitors to one person may well be a ‘high’ number of visitors to another. The use 

of the word ‘crowding’ is also avoided throughout the questionnaire, as it is considered to 

have too many negative connotations. 

Adobe Photoshop 5.5 software was used to create three images with increasing levels of 

visitation labelled ‘photo A’, ‘photo B’ and ‘photo C’. Care was taken to provide a balanced 

depiction of alternate levels of use, with the number of people increasing by 50 per cent at 

each increment (Figure 3). To mitigate the impact of respondents perceiving the number of 

visitors and environmental quality attributes to be causally-related, respondents were 

instructed to note that it is often the behaviour, rather than the number, of visitors that 
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determines the environmental quality of a natural site. Pre-testing of the survey suggests 

that respondents accepted that, unlike terrestrial and aquatic environmental quality, the 

number of visitors and environmental quality attributes could plausibly be uncorrelated. 

Final attributes and attribute-levels employed in this study are presented in Table 1. The 

final combinations of attributes and attribute-levels to present to respondents was 

determined via the SAS OPTEX procedure (Kuhfeld, 1997). A sample choice question 

including the ‘maintain existing practices’ status quo option is reproduced as Figure 4.  

[Insert Figure 3 here] 

[Insert Table 1 here] 

[Insert Figure 4 here]  

5. Model estimation 

The basic premise of choice modelling is that the respondent chooses ‘A’ if, and only if, 

option ‘A’ generates at least as much utility as any other option, with utility being assessed 

by trading off the attribute-levels of the available alternatives. The technique has two 

footholds in economic theory. The first of these is Lancaster’s (1966) characteristics theory 

of value. The second foothold, and the one of particular relevance to model estimation, is 

random utility theory (McFadden, 1974; Thurstone, 1927).  

Within the random utility model, the utility generated by an option is dependent on the 

attribute-levels of that option, the characteristics of the individual and an unobserved 

component. More formally, and following the notation used by Blamey, Bennett, Louviere, 

Morrison and Rolfe (2000) the ith respondent is assumed to obtain utility Uij from the jth 

alternative in a choice set, C. Uij is held to be a function of both the attributes of the 

alternatives (Xij) and characteristics of the individual (Si). Uij is assumed to comprise a 

systematic (measurable) component Vij and a random component eij. The latter captures the 

effect of omitted or unobserved variables. Thus we have: 

  (1) 

Respondent i will choose alternative h in preference to j if Uih > Uij. Hence, the probability of 

i choosing h is: 
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  (2) 

The standard assumption is that the set of unobserved components (eij for all j in C), whilst 

each having their own unique mean value, are independently and identically distributed 

(IID) and in accordance with the extreme value (Gumbell) distribution. The IID condition has 

an equivalent behavioural association with a property known as the independence of 

irrelevant alternatives (IIA). The IIA property states that the ratio of the choice probabilities 

of any pair of alternatives is independent of the presence or absence of any other 

alternatives in a choice set. If this assumption holds, the random utility model can be 

estimated via a multinomial logit model. 

In the choice modelling literature, violations of the IIA assumption are common. In these 

cases a more complex model is needed, with the nested-logit model frequently employed 

(Hoyos, 2010). Continuing to follow the notation of Blamey et al. (2000), in a two-level 

nested logit model, the probability of an individual choosing the hth alternative in the rth 

branch (Phr) is represented as: 

  (3) 

Where P(h/r) is the probability of an individual choosing the hth alternative, conditional on 

choosing the rth class of outcome, located in the rth branch of the tree. P(r) is the 

probability that the individual chooses the rth branch. Following Kling and Thomson (1996): 

 (4) 

 (5) 

Where (Ir) is the inclusive value (IV) and is given by: 

  (6) 

The IV is a measure of the expected maximum utility from the alternatives associated with 

the rth class of alternatives. Hr is the number of alternatives in branch r and Vhr is the utility 

of the hth alternative in the rth branch. The coefficient of the IV (αr) measures 

substitutability across alternatives. When substitutability is greater within rather than 

between alternatives, the IV parameter will be in the 0-1 range and respondents will shift to 
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other alternatives in the branch more readily than they will shift to other branches 

(McFadden, 1981).  

5.1. Model results 

All choice models were estimated using the SAS MDC procedure. A multinomial logit model 

was initially specified, however the Hausman and McFadden (1984) tests indicated a IIA 

violation, leading to the use of a nested logit model. 

5.1.1. Nested logit – main effects only 

The first decision to be made in developing a nested logit model is the model structure or 

hierarchy. In this application it is assumed that the options involving the introduction of 

some form of rationing mechanism are similar, relative to the option of maintaining existing 

practises (i.e. open access). This is consistent with the approach taken in much of the 

literature, where the nested structure typically consists of an upper-level decision tree of 

‘take action’ or ‘make a change’ versus ‘do nothing’ or ‘status quo’ (cf. Mogas, Riera, & 

Bennett, 2006; Othman, Bennett, & Blamey, 2004). 

In the first instance (known as the ‘upper-level’ in a decision tree analysis) respondents 

make a choice about whether to introduce some form of rationing mechanism or maintain 

the existing management practises. At the lower-level, conditional upon selecting to ration 

access, respondents are assumed to choose between the two alternatives presented in each 

choice set, based upon their preferences for the levels of the attributes associated with 

each alternative. With this structure, there are only two choice alternatives at each level 

and the notion of ‘irrelevant alternatives’ is no longer relevant. This hierarchical structure is 

shown in Figure 5. 

[Insert Figure 5 here] 

The utility function associated with the upper-level choice is assumed to be influenced by 

the respondent’s socio-demographic characteristics and the IV. The number of IVs is equal 

to the number of nests. The utility functions for the upper-level alternatives are given 

below: 

 

  (7) 
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And for the lower-level: 

  (8) 

Where Vration is the utility associated with the rationing access options, Vnot ration is the utility 

obtained from electing to continue to ‘maintain existing practises’ and Vj 
is the utility 

associated with alternative j, where the set of J strategies includes the status quo. The IV 

parameter associated with the ‘not ration’ option (α2) was fixed to one, because only one 

alternative exists in the lower-level nest for this option. All other variables are as defined in 

Table 2.  

[Insert Table 2 here] 

The results of the nested logit model are presented in Table 3. As is standard practise (cf. 

Blamey, Gordon, & Chapman, 1999; Huybers, 2003), the three qualitative attributes used in 

this study (visitor management, quality of the environment and number of visitors) are 

effects, rather than dummy, coded. This means that the control group is assigned a code of -

1 instead of 0. When interpreting model results, the coefficient of the control (or omitted) 

variable is calculated as the negative of the sum of the other estimated coefficients.  

[Insert Table 3 here] 

All coefficients are significant for the lower-level choice equation. The coefficients for 

VisitorCap and 4WDAccess are both positive and significant at the 5% level. This, along with 

the coefficient for Maintain, implies that the coefficient for PeakPrice is negative (-0.0313) 

and that both visitor caps and four-wheel drive access restrictions are preferred to either 

maintaining the existing open access policy or the imposition of a peak pricing rationing 

mechanism. As expected, the Cost attribute is negative and significant at the 5% level, 

suggesting respondents are less likely to choose options with higher vehicle access fees.  

The coefficients for both EnvHigh and EnvMed are positive and significant at the 1% and 5% 

levels respectively. This, along with the coefficient for EnvLow (negative and significant at 

the 5% level) implies that the coefficient for EnvVLow is negative (-0.2199) and respondents 

are therefore more likely to choose options with higher levels of environmental quality. 

Finally, the coefficients for VisitPhotoA and VisitPhotoB are positive and significant at the 5% 
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and 10% levels respectively. This implies that the coefficient for VisitPhotoC is negative (-

0.0519) and that respondents prefer options with lower levels of crowding. 

Some interesting results are found at the upper-level. Since the alternative specific 

constants for these socio-demographic variables relate to the status quo option, a positive 

and significant coefficient for Age, Male, 4WD and Aust suggests older visitors, males, those 

who own four-wheel drives and Australian residents are more likely to opt for a 

continuation of current management practises. Conversely, due to the negative and 

significant coefficient for Educ, those with a tertiary degree are less likely to opt for the 

status quo option (that is, they are more likely to opt for the introduction of some form of 

rationing mechanism). 

Respondents who stated that they intend to visit Fraser Island again in the future (Visit) are 

found to be in favour of introducing some form of rationing policy, even though they are the 

visitors likely to be subject to any such policy. Of course, they would also be the visitors to 

benefit from any improvement in environmental quality and/or reduction in crowding. 

Income, while positive, is not significant. 

In regards to model statistics, the goodness of fit of the model is based on an adjusted 

McFadden’s pseudo-R2 (McFadden, 1974) and is satisfactory.6 Further, the fact that IVration is 

significantly different from 1 suggests that the nested structure of the model is appropriate. 

5.1.2. Nested logit model – including interaction effects 

The majority of choice modelling applications in the literature use main effects only 

experimental designs. In this case, the choice modelling experiment was designed in such a 

way as to allow main and two-way interaction effects to be estimated. Main effects only 

models, as that presented in Table 3, assume all interaction effects are statistically 

insignificant (i.e. the preference for the level of one attribute is independent of the level of 

all other attributes). The model presented below allows this assumption to be relaxed. 

The utility function associated with the upper-level choice is assumed to be influenced by 

not only a respondent’s socio-demographic characteristics, but also by two-way interactions 

between attributes, as well as the interaction of attributes and socio-demographic 

                                                      
6 A good fit is indicated by a pseudo-R2>0.2, and a pseudo-R2 approaching 0.4 is usually considered an 
exceptionally good fit (Mogas, et al., 2006). 
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characteristics. That is, the main effects and interactions model is designed to yield more 

information about the socio-demographic characteristics and/or attribute-levels that 

influence the utility a respondent obtains from choosing the maintain existing practises 

(status quo) option, as opposed to choosing to introduce some form of rationing 

mechanism. As with the coefficients for the upper-level equation in the main effects only 

model, a positive (and significant) interaction coefficient suggests the respondent is more 

likely to opt for a continuation of current management practises. 

The socio-demographic and inter-attribute interaction variables offer a vast number of 

possible alternatives. A large number of models were estimated and models compared on 

the basis of adjusted pseudo-R2, Akaike’s information criterion (AIC) and Schwarz criterion 

(SC).7 The chosen model is presented in Table 4 and includes a total of nine interaction 

variables (five attribute/socio-demographic interactions and four inter-attribute 

interactions).  

[Insert Table 4 here] 

The first point of interest is that the goodness of fit of the model is superior to that of the 

main effects only model (an adjusted pseudo R2 of 0.27 compared with 0.21) and now 

corresponds to what Hensher et al. (2005) refer to as a ‘…decent model fit for a discrete 

choice model’ (p.338). Note that again IVration is significantly different from 1, suggesting the 

nested structure of the model is appropriate. The improvement in the goodness of fit, along 

with the presence of several significant interaction coefficients, confirms the view that main 

effects only designs exclude important information and thus supports, wherever possible, 

the use of experimental designs in choice modelling applications that allow the estimation 

of main and two-way interaction effects.  

Looking at the lower-level choice equation, the signs of all attributes are consistent with 

those reported in Table 3. That is, the coefficients for VisitorCap and 4WDAccess are 

positive, and for Maintain negative, all significant at the 5% level. The coefficient for the 

Cost attribute is again negative at the 5% level of significance. 

                                                      
7 The AIC criterion is defined as AIC = -2lnL+2n, where n is the total number of estimated parameters in the 
model and the Schwarz criterion is defined as SC = -2lnL+nln(O), where O is the number of independent 
observations in the choice experiment. These criteria can be used to decide if the improved fit caused by an 
additional variable is worth the decreased degrees of freedom and increased complexity caused by the 
addition. A model with a lower AIC or SC value is preferred to one with a higher value (Greene, 2003). 
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The coefficients for EnvHigh and EnvMed are positive, although the significance of the 

coefficient for EnvMed increases to the 1% level (compared with being significant at the 5% 

level in the main effects only model). The coefficient for EnvLow remains negative and 

significant at the 5% level. The coefficients for VisitPhotoA and VisitPhotoB remain positive 

and significant at the 5% and 10% levels respectively. 

Turning to the upper-level choice equations, the coefficients for Age, Male, 4WD and Aust 

all remain positive and significant, although the coefficient for Male increases in significance 

from the 5% to the 1% level. Similarly, the coefficients for Educ and Visit remain negative 

and significant, although the coefficient for Educ decreases in significance from 1% to 5%. 

Again Income, while positive, is not significant. 

In terms of interactions between attributes and socio-demographic characteristics, the 

positive and significant coefficients for the 4WDAccess interaction variables suggest that 

when four-wheel drive access restrictions is the rationing mechanism, older visitors, those 

who own four-wheel drives and males are more likely to opt to continue current 

management practises (that is, not introduce a rationing mechanism). In regards to older 

visitors, it is plausible that four-wheel drive access restrictions are unattractive due to 

concerns about current or future mobility. For four-wheel drive owners, the (often 

considerable) investment in these vehicles may make this group of visitors reluctant to see 

any restrictions imposed on their use.  

The finding of significant interaction coefficients associated with the 4WDAccess variable is 

particularly interesting from a policy perspective, in that the results from the estimation of 

the lower-level choice equation suggest that visitor caps and four-wheel drive access 

restrictions are acceptable rationing mechanisms for the respondent population as a whole. 

The fact that there are no significant interaction variables for VisitorCap suggests visitor 

caps may be a more broadly acceptable rationing mechanism; whereas imposing four-wheel 

drive access restrictions clearly alienates certain segments of the population. 

The negative coefficients associated with the Male interaction variables suggest that where 

the alternate policy results in high levels of environmental quality or low levels of crowding, 

female visitors are significantly less likely to choose the status quo (non-ration) option. 
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In some respects, interaction variables that were found to be not significant also yield 

interesting results. One example in particular stands out; no relationship could be found 

between Income and PeakPrice, that is in contrast to a priori expectations, respondents with 

high incomes were no more in favour of the use of the peak pricing rationing mechanism 

than respondents on low incomes. 

Regarding inter-attribute interactions, the positive coefficient for PeakPrice x Cost suggests 

that as the cost of a vehicle access permit increases, and peak pricing is the rationing 

mechanism, the status quo option is more likely to be chosen. This is unsurprising given the 

peak pricing rationing mechanism was described to respondents as a doubling of the vehicle 

access permit price during peak visitation months. 

The negative coefficients for EnvHigh x PhotoA, EnvHigh x PhotoB and EnvMed x PhotoA all 

reflect the fact that if higher levels of environmental quality and lower levels of crowding 

are on offer, respondents are less likely to opt for the status quo option. This result is not as 

trivial as it may at first appear. This result is in fact explicit evidence that visitors are willing 

to forego the current open-access management regime, if better environmental outcomes 

and less crowding can be delivered. This is in direct contrast to the current perceptions of 

many natural resource managers and policy makers.  

6. Welfare estimates 

As the model including interaction effects is deemed superior to the main effects only 

model, attention is restricted to this model for the purposes of welfare estimation and 

further discussion. While it is tempting to look at the coefficients and draw inferences from 

those, care is needed in interpreting the coefficients associated with each attribute in 

multinomial and nested logit models. While attribute signs and significance are relevant, it is 

important not to view coefficient estimates as direct representations of the contribution to 

overall utility of each of the attributes. Instead, welfare estimates must be calculated 

(Bennett & Adamowicz, 2001). 

6.1. Implicit price estimates 

The coefficients under the nested logit model can be used to estimate the rate at which 

respondents are willing to trade-off one attribute for another. Where one of the attributes 

is monetary, the ‘part-worth’ or ‘implicit price’ of a change in the level of the non-monetary 
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attributes can be obtained. In essence, the implicit price represents the amount of money 

that respondents are willing-to-pay in order to receive an improvement in the level of the 

non-monetary attribute. Implicit prices are calculated as the ratio of the coefficients for the 

attribute of interest and that of the monetary attribute. Thus, they are calculated as follows: 

  (9) 

For qualitatively described attributes such as those used in this study, the calculation of 

implicit prices involves a slightly different procedure and a different interpretation. For such 

attributes, coefficients are estimated for each level. By dividing the difference between the 

coefficients of two of the levels by the monetary attribute coefficient, the willingness-to-pay 

to move between those two levels is estimated. Thus, implicit prices are calculated as 

follows: 

  (10) 

For example, the willingness-to-pay to move from a medium level of environmental quality 

(EnvMed) to a high level of environmental quality (EnvHigh) is calculated as: 

  (11) 

Implicit prices are useful in that they demonstrate the value of individual attributes and/or 

changes in the level that these attributes take. Comparing relative values of attributes and 

attribute-levels allows policy makers to better design policy interventions that enhance or 

protect the level of attributes that people most value. 

Implicit prices for changes in the level of environmental quality and changes in the level of 

use are presented in Table 5 below. The 95% confidence intervals are estimated using a 

random draw procedure of 1 000 draws, as specified by Krinsky and Robb (1986) and 

suggested by Bennett, van Bueren and Whitten (2004). 

[Insert Table 5 here] 

The implicit price estimates yield some interesting results. The first is that it is clear that 

improvements in environmental quality are more highly valued by respondents than 

reductions in crowding, although both lead to relatively significant welfare gains. For 

example, the implicit price for an improvement in environmental quality from very low to 
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high is $103.07 per trip, whereas a reduction in crowding from heavy to light (Photo C to 

Photo A) has an implicit price of $62.66.  

The other notable result is the extent to which diminishing returns sets in. The implicit price 

of moving from a very low level of environmental quality to a low level is $62.63, of moving 

from a low level to a medium level $23.37 and of moving from a medium level to a high 

level only $17.07. Thus, of the total implicit price of moving from a very low to a high level 

of environmental quality, 60.8% is attributable to the movement from very low to low. 

Similarly, for reductions in crowding, of the total implicit price of moving from heavy (Photo 

C) to light (Photo A), 83.1% is attributable to the movement from heavy (Photo C) to 

moderate (Photo B). 

6.2. Compensating surplus estimates 

A particular strength of choice modelling is its ability to generate estimates of the values of 

many different scenarios from one application. Because choice modelling specifically 

investigates trade-offs between attributes, different combinations of attributes that are 

used to describe alternative policy settings and outcomes can be evaluated. The procedure 

is to investigate the difference between the utility achieved by the individual under the 

status quo and some other alternative.  

The first step is to substitute the attributes associated with the status quo into the equation 

that estimates the indirect utility associated with that option. Socio-demographic variables 

are entered in as sample means, while the monetary attribute is assigned a value of zero. 

The second step is to ‘design’ an alternative, that is choose an attribute-level for each 

attribute to represent a particular policy. These levels are then substituted into the equation 

that relates to the relevant alternative. Again socio-demographic variables are entered in as 

sample means, and the monetary attribute assigned a value of zero. The value associated 

with the alternative is then subtracted from the value associated with the status quo option. 

The difference between the ‘conditional indirect utilities’ is then divided by the negative of 

the coefficient associated with the monetary attribute. The calculation of compensating 

surplus is thus: 

- -  (12) 
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Where V0 is the value of the indirect utility associated with the status quo and V1 is the 

indirect utility associated with policy option 1.  

A negative surplus would indicate that respondents are willing to pay the amount of the 

surplus in order to experience an improvement in their wellbeing caused by the adoption of 

the alternative policy option. By setting up multiple policy scenarios (described in terms of 

alternative attribute-levels) it is possible to produce an array of values associated with a 

wide range of policy options. A sample of policy options are presented in Table 6 below. 

There are some clear conclusions to be drawn from these results. Looking first at policies 1 

and 2, it can be seen that introducing a visitor cap (policy 1) or a four-wheel drive access 

restriction (policy 2) that results in moderate improvements in both the quality of the 

environment and the level of crowding is welfare enhancing compared to the status quo. Of 

these rationing mechanisms, a visitor cap is slightly preferred with a willingness-to-pay 

estimate of $48.91 per trip for policy 1 compared to an estimate of $37.50 for policy 2. 

However, a peak pricing mechanism that achieves the same environmental and crowding 

outcomes (policy 3) leads to a reduction in welfare compared to the status quo. Thus, peak 

pricing is clearly the least preferred of the rationing mechanisms considered.  

Turning to policy 4, a further improvement in environmental quality over and above that 

achieved under policy 1 leads to a larger gain in welfare; a willingness-to-pay of $54.21 

compared to a willingness-to-pay of $48.91. This in itself is not surprising, what is of interest 

however, is the extent to which diminishing returns to environmental improvement sets in. 

Consistent with the implicit price estimates presented in Table 5, the marginal difference in 

willingness-to-pay to move from achieving a medium level of environmental quality to a 

high level of environmental quality is only $5.30 (a 10.8 per cent increase). 

Similarly, policy 5 shows the effect of a further reduction in crowding from Photo B 

(achieved under policy 1) to Photo A. Again welfare is improved and diminishing returns are 

evident. That is, the marginal willingness-to-pay to move from a medium level of crowding 

to a low level of crowding is only $2.41 (a 4.9 per cent increase). 

7. Conclusion 

In regards to the primary questions of this paper, the finding that respondents were, in 

general, willing to trade off some degree of access rights for better environmental outcomes 
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and reduced crowding is significant and contrary to the perceptions of many resource 

managers. Also of interest from a policy perspective is the finding that environmental 

improvements are more highly valued than reductions in crowding.  

In terms of individual rationing mechanisms, it is clear that the use of peak pricing is not 

supported by the community, whereas visitor caps and four-wheel drive access restrictions 

have general support; although segments of the population are opposed to the latter. 

Finally, finding large but diminishing implicit prices and compensating surpluses suggests 

substantial gains in welfare can be achieved with relatively minor improvements in both the 

condition of the resource and the recreational experience. 

From a choice modelling practitioner’s perspective, the finding that main effects plus two-

way interaction models offer a substantial improvement over main effects only models, 

both in terms of goodness of fit and revealing inter-attribute relationships, is in itself a 

useful contribution to the literature.  



20 
 

References 

Bennett, J., & Adamowicz, W. (2001). Some fundamentals of environmental choice 
modelling. In J. Bennett & R. Blamey (Eds.), The Choice Modelling Approach to 
Environmental Valuation (pp. 37-69). Cheltenham: Edward Elgar. 

Bennett, J., van Bueren, M., & Whitten, S. (2004). Estimating society's willingness to pay to 
maintain viable rural communities. Australian Journal of Agricultural and Resource 
Economics, 48, 487-512. 

Blamey, R., Bennett, J., Louviere, J., Morrison, M., & Rolfe, J. (2000). A test of policy labels in 
environmental choice modelling studies. Ecological Economics, 32, 269-286. 

Blamey, R., Gordon, J., & Chapman, R. (1999). Choice modelling: Assessing the 
environmental values of water supply options. Australian Journal of Agricultural and 
Resource Economics, 43, 337-357. 

Cole, D. (1992). Modeling wilderness campsites: Factors that influence amount of impact. 
Environmental Management, 16, 255-264. 

Cole, D. (2001). Day users in wilderness: How different are they? United States Department 
of Agriculture, Forest Service, Research Paper RMRS-RP-31, Rocky Mountain 
Research Station, Ogden. 

Cole, D., & Fichtler, R. (1983). Campsite impact on three western wilderness areas. 
Environmental Management, 7, 275-288. 

Cole, D., Watson, A., Troy, E., & Spildie, D. (1997). High-use destinations in wilderness: Social 
and biophysical impacts, visitor responses, and management options. United States 
Department of Agriculture, Forest Service, Research Paper INT-RP-496 
Intermountain Research Station, Ogden. 

EDAW. (2002). Fraser Island desired site capacities study: Final Report. Brisbane: 
Queensland Environmental Protection Agency. 

Fazio, J., & Gilbert, D. (1974). Mandatory wilderness permits: Some indications of success. 
Journal of Forestry, 72, 753-756. 

Fleming, C., & Bowden, M. (2009). Web-based surveys as an alternative to traditional mail 
methods. Journal of Environmental Management, 90, 284-292. 

Fleming, C., & Cook, A. (2008). The recreational value of Lake McKenzie, Fraser Island: An 
application of the travel cost method. Tourism Management, 29, 1197-1205. 

Fraser Island Defenders Organization. (2006). Visitor numbers. Available: 
http://www.fido.org.au/moonbi/moonbi113/moonbi113.pdf. 

Freimund, W., & Cole, D. (2001). Use density, visitor experience, and limiting recreational 
use in wilderness: Progress to date and research needs. In W. Freimund & D. Cole 
(Eds.), Visitor Use Density and Wilderness Experience: Proceedings June 1-3, 2000 
(pp. 3-8). Missoula: Rocky Mountain Research Station. 

Greene, W. (2003). Econometric Analysis (fifth ed.). Upper Saddle River: Prentice Hall. 

http://www.fido.org.au/moonbi/moonbi113/moonbi113.pdf


21 
 

Hadwen, W., & Arthington, A. (2003). The significance and management implications of 
perched dune lakes as swimming and recreation sites on Fraser Island, Australia. 
Journal of Tourism Studies, 14, 35-44. 

Hadwen, W., Arthington, A., & Mosisch, T. (2003). The impact of tourism on dune lakes on 
Fraser Island, Australia. Lakes and Reservoirs: Research and Management, 8, 15-26. 

Hall, T. (2001). Use limits in wilderness: Assumptions and gaps in knowledge. In W. 
Freimund & D. Cole (Eds.), Visitor Use Density and Wilderness Experience: 
Proceedings June 1-3 2000 (pp. 39-48). Missoula: Rocky Mountain Research Station. 

Hardin, G. (1968). The tragedy of the commons. Science, 162, 1243-1248. 

Hardin, G. (1969). The economics of wilderness. Natural History, 78, 20-27. 

Hausman, J., & McFadden, D. (1984). Specification tests for the multinomial logit model. 
Econometrica, 52, 1219-1240. 

Hendee, J., Stankey, G., & Lucas, R. (1990). Wilderness Management. Golden, Colorado: 
North American Press. 

Hensher, D., Rose, J., & Greene, W. (2005). Applied Choice Analysis: A Primer. Cambridge: 
Cambridge University Press. 

Hoyos, D. (2010). The state of the art of environmental valuation with discrete choice 
experiments. Ecological Economics, 69, 1595-1603. 

Huybers, T. (2003). Modelling short-break holiday destination choices. Tourism Economics, 
9, 389-405. 

Kling, C., & Thomson, C. (1996). The implications of model specification for welfare 
estimation in nested logit models. American Journal of Agricultural Economics, 78, 
103-114. 

Krinsky, I., & Robb, L. (1986). On approximating the statistical properties of elasticities. 
Review of Economics and Statistics, 66, 715-719. 

Kuhfeld, W. (1997). Efficient experimental designs using computerized searches. Sawtooth 
Software Research Paper Series, Sequim. 

Lancaster, K. (1966). Change and innovation in the technology of consumption. American 
Economic Review, 56, 14-23. 

McCool, S. (2001). Limiting recreational use in wilderness: Research issues and management 
challenges in appraising their effectiveness. In W. Freimund & D. Cole (Eds.), Visitor 
Use Density and Wilderness Experience: Proceedings June 1-3 2000 (pp. 49-55). 
Missoula: Rocky Mountain Research Station. 

McFadden, D. (1974). Conditional logit analysis of qualitative choice behavior. In P. 
Zarembka (Ed.), Frontiers in Econometrics (pp. 105-142). New York: Academic Press. 

McFadden, D. (1981). Econometric Models of Probabilistic Choice. Cambridge: MIT Press. 

Mogas, J., Riera, P., & Bennett, J. (2006). A comparison of contingent valuation and choice 
modelling with second-order interactions. Journal of Forest Economics, 12, 5-30. 



22 
 

Othman, J., Bennett, J., & Blamey, R. (2004). Environmental values and resource 
management options: A choice modelling experience. Environment and 
Development Economics, 9, 803-824. 

Queensland Environmental Protection Agency. (2002). Australian national periodic report: 
Section II, report on the state of conservation of Fraser Island. Brisbane. 

Scitovsky, T. (1964). Equity. In T. Scitovsky (Ed.), Papers on Welfare and Growth (pp. 250-
261). California: Stanford University Press. 

Thurstone, L. (1927). A law of comparative judgment. Psychological Review, 34, 273-286. 

Tourism Queensland. (2002). Fraser Island visitor survey. Report prepared by the Tourism 
Queensland research department, Brisbane. 

UNESCO. (2007). Fraser Island - UNESCO World Heritage Centre. Available: 
http://whc.unesco.org/en/list/630. 

Williams, D. (2001). Sustainability and public access to nature: Contesting the right to roam. 
Journal of Sustainable Tourism, 9, 361-371. 

 

 

http://whc.unesco.org/en/list/630


23 
 

Table 1: Final attributes and attribute-levels 

Attributes Attribute-levels 

Visitor management  Visitor cap, 4WD access restrictions, peak pricing, maintain existing 
practises 

Cost of vehicle access $20.00, $40.00, $70.00, $125.00  

Quality of the environment High, medium, low, very low 

Number of visitors Photo A, photo B, photo C 
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Table 2: Definition of variables 

Variable1 Definitions  

Alternative specific constants 

ASC1 Alternative specific constant, takes the value of 1 for the maintain existing 
practises / status quo alternative, or else 0. 

ASC2 Alternative specific constant, takes the value of 1 for alternatives 1 and 2, 
or else 0. 

Attributes  

Maintain Maintain existing practices (open-access). 

VisitorCap Visitor cap as described in Section 4. 

4WDAccess 4WD access restrictions as described in Section 4. 

Cost Cost of vehicle access attribute as described in Section 4. 

EnvHigh High quality of the environment. 

EnvMed Medium quality of the environment. 

EnvLow Low quality of the environment. 

VisitPhotoA Visitation level associated with Photo A (low level of visitation). 

VisitPhotoB Visitation level associated with Photo B (medium level of visitation). 

Socio-demographic variables2 

Age Age of respondent, mid-point of selected range. 

Male Dummy variable = 1 if respondent is male. 

Income Income of respondent, mid-point of selected band. 

Educ Dummy variable = 1 if respondent has a tertiary qualification. 

4WD Dummy variable = 1 if respondent travelled in own 4WD. 

Aust Dummy variable = 1 if respondent an Australian resident. 

Visit Dummy variable = 1 if respondent intends to visit Fraser Island again in the 
future. 

1 Excluded (base case) attribute-levels: Visitation level associated with Photo C (VisitPhotoC); very low quality of the environment 
(EnvVLow); and peak pricing (PeakPrice). 

2
 As all socio-demographic variables are the same for any particular respondent, and therefore for all choices they make, these 

variables are incorporated into the multinomial and nested logit models through an interaction with the constant. Otherwise, the 
variable would be the same for all choices and its coefficient cannot be estimated. 
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Table 3: Estimation results - main effects only 

Variable Coefficient s.e. 

Lower-level choice equation1   

ASC2 0.1732*** 0.0643 

Maintain2 -0.0006** 0.0001 

VisitorCap 0.0153** 0.0039 

4WDAccess 0.0166** 0.0044 

Cost -0.0037** 0.0091 

EnvHigh3 0.1245*** 0.0111 

EnvMed 0.0986** 0.0429 

EnvLow -0.0032** 0.0010 

VisitPhotoA4 0.0456** 0.0138 

VisitPhotoB 0.0063* 0.0012 

Upper-level choice equations   

ASC1 -1.0463*** 0.1003 

Age 0.0045** 0.0032 

Male 1.4867** 0.4357 

Income 0.1654 0.0731 

Educ -0.0684* 0.0474 

4WD 0.4684** 0.4731 

Aust 0.0046** 0.0041 

Visit -0.1686* 0.0431 

Inclusive value parameters   

IVration 0.4987*** 0.0431 

IVnot ration 1 0.0000 

Model statistics   

Maximum log likelihood -2,216.46  

Adjusted pseudo R2 (%) 0.21  

N (choice sets) 2,304  

*** Significant at 1% level, ** Significant at 5% level, *Significant at 10% level. 

1 Excluded (base case) attribute-levels: Visitation level associated with Photo C (VisitPhotoC); 
very low quality of the environment (EnvVLow); and peak pricing (PeakPrice). 

2 The coefficients for Maintain, VisitorCap and 4WDAccess together imply a coefficient for 
PeakPrice of -(-0.0006 + 0.0153 + 0.0166) = -0.0313. 

3
 The coefficients for EnvHigh, EnvMed and EnvLow together imply a coefficient for EnvVLow of 

-(0.1245 + 0.0986 + -0.0032) = -0.2199. 

4
 The coefficients for VisitPhotoA and VisitPhotoB together imply a coefficient for VisitPhotoC 

of -(0.0456 + 0.0063) = -0.0519. 
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Table 4: Estimation results - main effects and interaction effects 

Variable Coefficient s.e. 

Lower-level choice equation1   

ASC2 0.1648*** 0.1034 

Maintain2 -0.0011** 0.0001 

VisitorCap 0.0235** 0.0034 

4WDAccess 0.0149** 0.0021 

Cost -0.0041** 0.0009 

EnvHigh3 0.1646*** 0.0468 

EnvMed 0.0946*** 0.0551 

EnvLow -0.0012** 0.0001 

VisitPhotoA4 0.1001** 0.0478 

VisitPhotoB 0.0567*** 0.0073 

Upper-level choice equations   

ASC1 -1.0041*** 0.0488 

Age 0.0078** 0.0002 

Male 1.5688*** 0.0468 

Income 0.1678 0.1272 

Educ -0.0978** 0.0562 

4WD 0.6762** 0.0486 

Aust 0.0048** 0.0054 

Visit -0.2046* 0.0987 

Interactions – attributes x socio-
demographic 

  

4WDAccess x Age 0.8465** 0.0046 

4WDAccess x Male 1.9872** 0.0687 

4WDAccess x 4WD 1.4769** 0.0548 

EnvHigh x Male -0.9888*** 0.0089 

VisitPhotoA x Male -0.5467*** 0.0065 

Interactions – attributes x attributes   

PeakPrice x Cost 0.4978*** 0.0001 

EnvHigh x PhotoA -0.2297*** 0.0022 

EnvHigh x PhotoB -0.0023*** 0.0045 

EnvMed x PhotoA -0.0016*** 0.0079 

Inclusive value parameters   

IVration 0.5004*** 0.0089 

Vnot ration 1 0.0000 

Model statistics   

Maximum log likelihood -2,198.14  
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Adjusted pseudo R2 (%) 0.27  

N (choice sets) 2,304  

*** Significant at 1% level, ** Significant at 5% level, *Significant at 10% level. 

1 Excluded (base case) attribute-levels: Visitation level associated with Photo C (VisitPhotoC); 
very low quality of the environment (EnvVLow); and peak pricing (PeakPrice). 

2 The coefficients for Maintain, VisitorCap and 4WDAccess together imply a coefficient for 
PeakPrice of [-(-0.0011 + 0.0235 + 0.0149) = -0.0373]. 

3
 The coefficients for EnvHigh, EnvMed and EnvLow together imply a coefficient for EnvVLow of 

[-(0.1646 + 0.0946 + -0.0012) = -0.258]. 

4
 The coefficients for VisitPhotoA and VisitPhotoB together imply a coefficient for VistiPhotoC 

of [-(0.0456 + 0.0063)] = -0.0519]. 
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Table 5: Implicit price estimates 

Shift in attribute-level Point estimate 95% interval estimates 

 (per trip) Lower Upper 

EnvVLow to EnvLow $62.63 $38.71 $101.33 

EnvLow to EnvMed $23.37 $5.61 $84.14 

EnvMed to EnvHigh $17.07 $2.39 $39.17 

EnvVLow to EnvHigh $103.07 $62.72 $128.25 

VisitPhotoC to VisitPhotoB $52.07 $38.01 $73.53 

VisitPhotoB to VisitPhotoA $10.59 $5.79 $16.21 

VisitPhotoC to VisitPhotoA $62.66 $48.92 $94.12 
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Table 6: Policy scenarios - adjustments to visitor management, quality of the environment and number of visitors 

Attribute Status Quo Policy 1 Policy 2 Policy 3 Policy 4 Policy 5 

Visitor management Maintain existing 
practises 

Visitor cap 4WD access 
restrictions 

Peak pricing Visitor cap Visitor cap 

Quality of the environment Low Medium Medium Medium High Medium 

Number of visitors Photo C Photo B Photo B Photo B Photo B Photo A 

WTP to move from status quo (per trip) N/A $48.91 $37.50 -$13.21 $54.21 $51.32 
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Figure 1: Location of Fraser Island, featuring townships, lakes and unsealed roads 

 

Source: Hadwen and Arthington (2003) 
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Figure 2: Fraser Island, the Island's main lakes and Lake McKenzie 

 

Source: Hadwen and Arthington (2003) 
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Figure 3: Photos depicting alternate levels of visitation 
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Figure 4: An example of a choice question used in this study 

 

 

  

Suppose the following options were the only options available for Lake McKenzie in 2012. Please 
indicate which option you prefer by crossing one of the boxes in the shaded column below. 

VISITOR 
MANAGEMENT 

COST OF VEHICLE 
ACCESS 

QUALITY OF THE 
ENVIRONMENT 

NUMBER OF 
VISITORS 

I WOULD 
CHOOSE OPTION 

Visitor Cap 
 

$125 Medium Photo A  1 

4WD Access 
Restrictions 

$20 High Photo B  2 

Maintain Existing 
Practices 

$40 Very Low Photo C  3 
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Figure 5: Hierarchical structure 
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