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Considered one of the healthiest reef environments in the world, Ningaloo Reef, Western Australia sits in a special
bio-geographic zone where the distributions of tropical and temperate marine and terrestrial organisms overlap. Cur-
rently, this fringing barrier reef system is subject to significant human pressure due to its unique proximity to the coast.
Commercial and recreational fishing as well as any future tourist or economic developments have the potential for major
negative impacts on the marine life in the Ningaloo Reef waters. The paper applies choice modelling, an economic
valuation technique based on a survey of visitors, to estimate the benefits from the non-use values of Ningaloo in order
to assist policy makers in formulating efficient, effective and sustainable coral reef conservation and management
policies. Using Ningaloo as a case study, this research can aid the design of socially optimal policies for conservation

and sustainable management of natural heritage areas.
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1. Introduction

The Ningaloo Marine Park (designed in 1987) is
located along the coast of Western Australia, stretch-
ing for about 300 km northwards, from just below
the Tropic of Capricorn (21°40’S to 23°30’S and
113°45’E). The Ningaloo coral reef is 200 km long
and has more than 200 species of corals, a myriad
of marine landforms, high water quality, gardens of
captivating sponges, diverse life forms in the sea-
beds and fringing forests of mangroves. This marine
environment supports an amazing diversity of wild-
life, including 600 species of shellfish and other mol-
luscs, 500 species of fish such as whale sharks’,
manta rays and other tropical and subtropical fish,
and a variety of other invertebrates. The reef is also
on the migration path of humpbacks and other whales.
Considered one of the healthiest reef environments
in the world, Ningaloo sits in a special bio-geographic
zone where the distributions of tropical and temper-
ate marine and terrestrial organisms overlap (see Map
1 in Appendix).

Currently, this fringing barrier reef system and
its coasts are subject to significant human pressure.
Unlike the Great Barrier Reef (located in the Coral
Sea, off the coast of Queensland in northeast Aus-
tralia), Ningaloo Reef is particularly susceptible to
visitor disturbance due to its unique proximity to the
coast. Commercial and recreational fishing have the
potential for major negative impacts on the marine
life of Ningaloo Reef waters. Some of these include:
significantly reducing the distribution and abundance

of target species thus changing the population struc-
ture; reducing population levels of non-target spe-
cies by catch; major impacts on benthic communi-
ties including destruction of flora and fauna, and loss
of demersal fish and other fauna through habitat
modification, e.g. from trawling (Moran et a/., 1995).
Recently there have also been several proposals to
build large commercial tourist developments (such
as a marina and a resort in Coral Bay) alleged to boost
the local economy in proximity of Ningaloo?.

Despite its enormous ecological value and tour-
ist attractiveness, little is known about the Western
Australians’ attitudes in relation to Ningaloo, making
any policy decisions difficult and subject to strong
lobbying and campaigns by proponents and oppo-
nents. The aim of this study is to provide policy mak-
ers with much needed information on the public ben-
efits that Ningaloo Reef generates in terms of non-
use values that accrue to the Western Australia pub-
lic. The non-use value estimated in this study is the
biodiversity conservation that can be used in ben-
efit-cost analysis of alternative marine conservation
management scenarios, thereby enabling sustainable
management of the Ningaloo coast. To accomplish
this aim, the non-use values of Ningaloo Reef conser-
vation are estimated using a recently developed modi-
fication of choice modelling, a non-market valuation
method.

2. The choice modelling approach
Choice modelling (CM) is a stated preference

1 Whale sharks are the largest living fish species in the world (measuring up to 14 m, the mouth alone can be as
wide as 1.5 m). Unlike other sharks they are harmless to humans; in fact, they are very gentle and playful with divers.
Whale sharks are filter feeders and feed on phytoplankton, macro-algae, plankton, krill, small squid or vertebrates

(Wood, 1980).

2 http://www.wilderness.org.au/campaigns/marine/20020120_mr/
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valuation method that has its origin in conjoint analy-
sis (Train, 2003) . It was initially developed in the
marketing and transport literature by Louviere and
Hensher (1982). In recent years it has been applied
in environmental economics for analysing conserva-
tion choice and destination choice on the basis of the
attractiveness of destination and trip attributes
(Louviere et al., 2000; Crouch and Louviere, 2004).

In a CM application, respondents are presented
with a series of choice sets, each containing usually
three or more alternative goods. An alternative is a
combination of several attributes, with each attribute
taking on a value, usually called a level (McFadden,
1984). One of the alternatives in each choice set
describes the current or future situation, and remains
constant across the choice sets. From each choice
set, respondents are asked to choose their preferred
alternative. The attributes used are common across
all alternatives. Their levels vary from one alterna-
tive to another according to an experimental design
(Bennett and Blamey, 2001). If human-induced
changes in marine ecosystems can be meaningfully
represented by a set of attributes, choices made by
survey respondents among sets of alternatives can
provide resource managers and policy makers with
valuable information about public preferences for
many potential states of the environment. The theo-
retical foundation of the discrete choice modelling is
Lancaster (1966), who developed a characteristic
approach for the analysis of demand. Since choice
modelling elicits preferences from consumers, this
method provides information about preference
orderings within a set of choice options. The analysis
of the data is based on the random utility theory,
originally proposed by Thurstone (1927).

3. Application to Ningaloo Reef biodiversity
valuation

This study is the first to apply choice modelling
in relation to a reef environment and the first to use
non-market valuation in relation to Ningaloo Reef.

3.1. Choice set development

For choice modelling results to be useful as in-
puts into a benefit-cost analysis, the framework of
the CM application must be consistent with the prin-
ciples of benefit-cost analysis. It is of particular im-
portance therefore that the issue to be examined using
Choice Modelling is established in accordance with
the concept of change at the margin. Hence, if choice
modelling results are to be consistent with this mar-
ginal value framework, the issue under consideration
must be defined in terms of change from a status
quo situation. In this case the status quo is called
‘Scenario | Present Situation’ (see Map 1) and repre-
sents the present situation of Ningaloo Marine Park.

Considering that the aims of this study is an eco-
nomic evaluation of biodiversity conservation (non-
use value), respondents to a choice modelling ques-
tionnaire are asked to compare two different hypo-
thetical scenarios against the status quo.

The alternative scenarios represent two hypo-
thetical situations for Ningaloo Reef. The first is called
‘Scenario Il Ningaloo Reef with increased conserva-
tion’ and is an alternative to the status quo where
the sanctuary zone increases in size (from the present
33% to 66%). This scenario represents the least
environmental impacts to the coral reef biodiversity
caused by human activities, such as recreational fish-
ing, boat access, commercial activities, mining and
petroleum exploration. Under this scenario, the pro-
tection and conservation of flora and fauna along the
coast are not total (the sanctuary zone represents
66% and not 100%) because it does not exclude
completely recreational fishing which for the West-
ern Australians represents an important activity. A
100% protection is likely to be chosen only by few
environmental activists and such a scenario is not a
real alternative to the status quo. The difference
between the status quo and the Scenario Il is the
percentage of sanctuary zone, but the recreational
and commercial activities allowed inside the Park
remain the same in both scenarios. It is expected
Scenario Il to be chose by Western Australians who
have a ‘pro-conservation’ attitude because its aim is
to increase the protection of the reef ecosystems
and reduce the areas dedicated to any sort of human
activities that have a negative impact on the envi-
ronment.

The second alternative scenario is called ‘Sce-
nario Ill, Ningaloo Reef without conservation’ and is
an alternative where inside the Ningaloo region any
industrial, commercial and mass tourism activities are
allowed. Under this scenario the economic benefits
are massive, considering the natural resources avail-
able in the north-west coast of Western Australia,
the increased job opportunities related to the activi-
ties and also the opportunities for international com-
panies to invest in industrial and tourism infrastruc-
ture activities. With 0% of sanctuary zone a drastic
decline in the abundance and diversity of marine life
along the cost, and decline of coral coverage is in-
evitable.

The choice modelling questionnaire included also
information about general environmental concerns in
Western Australia, ecological knowledge and some
socio-demographic characteristics of Western Aus-
tralian respondents, such as: education, age, sex,
income and labour force participation.

3.2. Selection of attributes and levels
The attributes were used to describe a combi-
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Map 1 Ningaloo Reef Present Situation
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Map 1. Ningaloo Marine Park zoning scheme

nation of financial and non-financial considerations
that are important to the decision for the conserva-
tion and protection of Ningaloo Reef. The attribute
levels associated with each scenario varied in each
choice set and there were three choice sets in the
survey so that respondents were asked to make a
series of similar, but different choices. In this study,
the main issues relating to biodiversity conservation
of the Ningaloo Marine Park were condensed (for
logistical and modelling purposes) to six possible at-
tributes (Table 1).

3.3. Sample sizing and data collection

A general problem with applying a choice ex-
periment to an environmental good is that respon-
dents are not necessarily familiar with the attributes

presented. In order to make clear and homogeneous
the comprehension of attributes and to facilitate the
individual decision process, the oral explanation of
these characteristics and levels was accompanied
by the presentation of drawings and photos repre-
senting each scenario. A face-to-face survey was
conducted in the months of October and November
2006 with a total of 150 interviews. The question-
naire was designed to gather information on the per-
ception of Western Australian tourists about certain
characteristics of the current and hypothetical sce-
narios for the Ningaloo Marine Park, to be used in
the choice modelling to analyse the attitude of West-
ern Australians towards the conservation of Ningaloo
and their willingness to pay to preserve its biodiversity.
The collected information includes individual charac-
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Table 1. Example of Choice Set from the Ningaloo Questionnaire

Option 1 Option 2 Option 3
Tmplications Scenai.’io 1 . Scenario 11 Sce;’{ario il
Present Situation Increased Without
Conservation | Conservation
Percentage of sanctuaryz 33% 66% 0%
Risk of reduction in coral reef coverage 60% 30% 100%
Decrease of marine life biomass Low Very Low High
Decrease income of local fisheries High Very High None
Loss of income for mining and petroleum companies High Very High None
Entrance fee $0 $20 $0

teristics of tourists, their general marine biodiversity
knowledge, attitude toward conservation or indus-
trial development, characteristics and evaluations of
the tourist experience in Ningaloo. Interviews were
carried out in different places in order to collect in-
formation also from those tourists whose main rea-
son to holidaying in Ningaloo is not the seaside re-
sort. We started to interview people in vacation along
the north west coast, from Gnaraloo Bay in mid Oc-
tober 2006, which coincided with the Australian
school holidays and can be considered as peak sea-

son. Then we continued the interviews going up north
in the following spots: Warroora, Elles Camp, Maggies,
Coral Bay and Exmouth.

3.4. Estimation methodology

In this study two different multinominal logit
(MNL) are estimated using the data from Ningaloo
Reef survey. Definitions of the variables used in these
models are presented in Table 2.

The first model shows the importance of choice

Table 2. Variables description

VARIABLE DEFINITION
ASC1,ASC2 | Alternative specific constants (Scen. IT & III)
SANCT Percentage of Sanctuary Zone inside Ningaloo
REEF Reduction of coral reef
BIO Decrease of marine life biomass
FISH Decrease in income of local fisheries
MININ Loss of income for mining and petroleum companies
WTP Willingness to pay for conservation (Entrance fee)
INCOME Respondents’ household income
EDU Education
AGE Age
BIOK Dummy variable: marine biodiversity knowledge

set attributes in explaining respondents’ choice across
the three different options (scenarios). The second
model includes both socio-economic and attitudinal
variables in addition to the attributes in the choice
sets.

Three utility functions (V, ) are derived from
the initial MNL model. Each function represents the
utility generated by one of the three options. Op-
tions 1 is the status quo: Scenario I, option 2 is Sce-
nario Il with increased protection, and option 3 is
the hypothetical scenario without conservation: Sce-
nario Ill.

Scenario | Status quo
V,=pB,.SANCT +B,.REEF +3,.BIO + B,FISH +
+B,. MININ + B, WTP

Scenario Il
V,=ASC1+B,.SANCT+fB,.REEF +B,.BIO +
+B, .FISH+B.. MININ + 3, WTP

Scenario Il
V,=ASC2 +,.SANCT +3,.REEF +3,.BIO + 3,.FISHI +
+B,. MININ +B,.WTP

The b values are the coefficients associated with
each of the attributes. For the three utility functions,
utility is determined by the levels of the six attributes
in the choice sets (SANCT, REEF, BIO, FISH, MININ,
WTP). Hence, the model provides an estimate of the
effect of a change in any of these attributes on the
probability that one of these options will be chosen.

The second method used to include socio-eco-
nomic and attitudinal variables is through interactions
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with the alternative specific constant (ASC1 and
ASC2). In this model four variables are included as
interactions with the alternative specific constant for
scenarios Il and Ill (INCOME, BIOK, EDU and AGE).
These interactions show the effect of various atti-
tudes and socio-economic characteristics on the prob-
ability that a respondent will choose either scenario
I, Il or lll. The specification for the second model is
as follows:

V =B,.SANCT+B,.REEF+f,.BIO+3,.FISH+
+ B, MININ+ 3. WTP+3, WTP*INCOME+ B, WTP*BIOK+
+B,WTP*EDU+ B, WTP*AGE

V,=ASC1+ASCI1.INCOME+ASC1.BIOK+
+ ASC1.EDU+B .SANCT+p, REEF+f, BIO+f, FISH+
+B,MININ +B_WTP+b. WTP*INCOME+ 8, WTP*BIOK+
+B,WTP*EDU+B, WTP*AGE

V,= ASC2+ASC2.INCOME + ASC2.BIOK +
+ASC2.EDU +B,.SANCT +3,.REEF +3,.BIO +
+B,.FISH + B,.MININ +3,.WTP + 3, WTP*INCOME +
+B,WTP*BIOK + B, WTP*EDU + 3, WTP*AGE.

4. Results

The results presented in this paper were
analysed using the software package STATA 8.0.
The multinominal logit model was designed with the
assumption that the observable utility function would
follow a strictly additive form. The models were speci-
fied so that the probability of selecting a particular

marine conservation scenario for Ningaloo was a func-
tion of the attributes of that scenario and of the al-
ternative specific constant (ASC), which was speci-
fied to equal 1 for either management Scenario | or
Il (with protection of biodiversity) and to equal O when
Scenario Il (with no protection for Ningaloo) was
selected.

The results for model 1 and model 2 are pre-
sented in Table 3. The negative sign for the ASC
coefficient implies that respondents are highly respon-
sive to changes in choice set quality and make deci-
sions that are closer both to rational choice theory
and the behaviour observed in reality. In this case
the ASC1 for Scenario Il is negative (-0.30) which
means that respondents are highly responsive to
change in the choice set from the status quo to Sce-
nario Il with increased protection. In this survey, the
68% of the respondents chose Scenario 1.

The WTP coefficient is highly statistically sig-
nificant and has the result that would be expected a
priori. The value of this coefficient can be employed
to determine the willingness-to-pay measure associ-
ated with changes in the levels of other attributes.
What is very significant is that respondents with uni-
versity education and higher marine biodiversity
knowledge are more likely to choose higher payment
levels, as the interaction between both of these char-

Table 3. Multinominal logit results for model 1 and model 2

Model 1(standard error) Model 2(standard error)
ASCl1 -0.3024* -1.58%**
ASC2 5.4246* (0.0846) 5.82%(0.0074)
SANC 0.5688*** (0.1323) 0.5564*** (0.1588)
REEF 0.4792*%** (0.1621) 0.4934*** (0.1124)
FISH 0.0164*** (0.0124) 0.01466***(0.0122)
MININ 0.0228*** (0.0134) 0.01369***(0.0117)
WTP -0.1268***(0.8126) -0.1348***(0.0162)
WTP*INC - -0.0071*** (0.0028)
WTP*BIOK - 0.0026*** (0.0018)
WTP*EDU - 0.0092*** (0.0026)
WTP*AGE - 0.0007*(0.0005)
ASCI1*INC - 0.9868*** (0.0003)
ASC1*BIOK - 2.5344*** (0.2468)
ASCI*EDU - 4.4487*** (0.78239
ASC2*INC - 0.2489*** (0.7654)
ASC2*BIOK - 1.0834*** (0.0848)
ASC2*EDU - 2.8642*%** (0.0034)

Summary statistics

Observations 450
Log-likelihod -1874.457 -1127-995
y* (constants only) | 362.038 498.086
o’ 0.147 0.193
p” adjusted 0.156 0.210

*10% significance level with two-tailed tests; * *5% significance level; ***1% significance level
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acteristics and payment attribute are positive. The
coefficient of the variable AGE was very low and no
significant in relation to the willingness-to-pay of the
respondents.

The willingness to pay estimate was —$26.123.
The negative sign indicates that to maintain utility at
the level of status quo, given the improvement in
biodiversity conservation in Ningaloo Marine Park,
tourists are willing to reduce their individual income
by $26.12. Such a spending on biodiversity conser-
vation is in addition to any other direct tourist ex-
penditures in the region for things such as accommo-
dation, food, travel and other activities (which in 2003
was estimated to be $81.30 per person per day, see
Carlsen and Wood, 2004).

5. Policy recommendation and conclusions

This paper contributes to the literature on esti-
mation of non-use values of coral reefs using choice
modelling, and is one of the few coral reef valuation
studies that have been undertaken in Australia. The
main purpose of this study was to illustrate how dis-
crete choice modelling can be used in environmental
economics to elicit tourists’ preferences, priorities
and willingness to pay for a set of broad characteris-
tics on which policy makers may like to intervene.
Ningaloo Reef and its pristine environment are often
seen as an icon of sustainability policies where man-
agement strategies need to provide the right sym-
biosis between the ecological, social, cultural and
economic values of natural areas (Wood and Glasson,
2005). The framework for any policy decisions in
relation to Ningaloo has been established through the
Western Australian State Sustainability Strategy
(Government of Western Australia, 2003) and the
Ningaloo Coastal Regional Strategy (WAPC, 2004).
They both aim at eliminating unsustainable practices
and inappropriate pressure on the natural environ-
ment while enabling sensitive economic development.

The main idea of this survey-based study was
to gather information on tourists’ values and on the
weight tourists attach to particular attributes that
presently characterise, or that could characterise in
the future, the protection and conservation of
Ningaloo Reef. The results indicate that there is posi-
tive and significance non-use value related to
biodiversity conservation associated with the envi-
ronmental, economic and social attributes of Ningaloo
Reef. It can be asserted that choice modelling is in a
position to produce valid non-market estimates of non-
use value. The biodiversity conservation non-use value
estimated in this paper can be combined with direct
and indirect use values of Ningaloo Marine Park to

conduct further benefit-cost analyses. The study
pointed out to important relationships among the at-
tributes, tourists’ behaviour and conservation poli-
cies.

Considering that 68% of the respondents were
in favour of the hypothetical scenario with increased
protection (namely 66 % of sanctuary zone), and that
they also expressed high willingness to pay, policy
makers could consider this option for any future
sustainability management plans for the Ningaloo
area, namely: (1) to increase the number and size of
sanctuaries; and (2) to introduce users’ fees for the
Ningaloo Marine Park.

Economic instruments can not only be used to
reduce the apparent environmental development con-
flict but, if properly designed and implemented, can
actually make economic development a vehicle for
environmental protection and vice versa. In this par-
ticular case, creating an economic incentive for con-
servation through the introduction of users’ fees
could be a valuable solution. Generalising the results
of this study and multiplying the average willingness
to pay per person of $26.12 (the average WTP of
Scenario Il) for the 220,000 visitors of Ningaloo
Marine Park (as in 2007), this option could be worth
at least $5.7 million per year.

The option of creating an extra 33% of sanctu-
ary zone and an extra injection of $5.7 million per
year, could be a possible solution to fund the needs
for marine biological research, increase the control
of commercial fishers entering Australian Common-
wealth waters and fishing, create more visitors’ cen-
tres to provide information to tourists about coral
reef conservation rules, control visitor numbers and
minimise visitor impacts and overcrowding that usu-
ally occur during winter time (July and August), and
furthermore, to protect this fragile ecosystems for
the future.

In the forward of the Ningaloo Coastal Regional
Strategy (WAPC, 2004), the then Premier of West-
ern Australia Dr Geoff Gallop wrote that without
careful management, the Ningaloo coast is in danger
of being “loved to death” by tourists. What this study
indicated is that Western Australian tourists in fact
are extremely supportive of proper biodiversity con-
servation and management of Ningaloo as they see
its tremendously important non-use value that the
choice modelling technique helped to reveal.
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