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ABSTRACT

The fundamental objective of discrete Choice Experiments (CEs) model or Choice Modelling (CM) is to understand
the behavioural processes among individuals which drive the choice decisions based on selected attributes and
choice options. Preferences may differ among individuals triggered by their specific characteristics such as socio-
demographics, constraints and attitudes. Preferences could also vary among groups and within a particular group by
forming different segments of groups or subgroups. The Latent Class (LC) model is a distinctive approach which can
accommodate preference heterogeneity where preferences are assumed to be relatively homogenous within the segments,
but substantially different between the segments. This LC model was applied to account for preference heterogeneity
among aquaculturists in the Setiu Wetlands, Terengganu. Currently, fish cage culture is the main socio-economic activity
which imposes considerable impacts on the wetland ecosystem and thus affect its ability to deliver ecosystem service
outcomes to other stakeholder groups. This research quantifies the aquaculturists ’preferences heterogeneity with regard
to the ecosystem impacts under different management scenarios. The existence of sub-divisions of preferences within the
stakeholder subgroups was tested. This study revealed three latent classes or segments which show relatively distinct
sets of preferences. Segment 1 shows a strong preference for higher harvest rates, a moderately strong preference
for higher fisheries income and a moderately strong preference for lower shellfish collections. Segment 2 shows a
moderately strong linear preference for higher harvest rates and a very strong preference for retaining the status quo.
Segment 3 shows a perplexing set of significant preferences for increasing harvest rates and a modest preference for
higher fisheries income. In direct contrast to Segment 2, Segment 3 shows a very strong aversion to retaining the status
quo. The results of aquaculturists’ preferences for delivery of different ecosystem services in Setiu Wetlands suggest
that Latent Class Model (LCM) could be applied successfully in a Malaysian setting. The success of the LC model is
evidenced by the high level of fit obtained from the best fitting models. The main finding of this research suggests that
a good understanding of the main research objective, familiarity with the research area and carefully designed choice
set, as well as employing appropriately trained enumerators are the main factors that particularly contribute to a
successful application of the LC model in a developing country setting.

Keywords: Wetland ecosystem; discrete choice model; Latent Class Model; preference heterogeneity

ABSTRAK

Objektif asas model eksperimen pilihan (CE) atau pemodelan pilihan (CM) diskret adalah untuk memahami proses
tingkah laku di kalangan individu yang menggerakkan dalam membuat keputusan berdasarkan atribut terpilih dan
pilihan alternatif. Keutamaan mungkin berbeza di kalangan individu yang dicetuskan oleh ciri khusus mereka seperti
sosio-demografi, kekangan dan sikap. Keutamaan juga boleh berbeza di kalangan kumpulan dan dalam kumpulan
tertentu melalui pembentukan segmen kumpulan atau subkumpulan yang berbeza. Model Pengkelasan Pendam (LC)
adalah suatu pendekatan tersendiri yang dapat mencungkil kepelbagaian keutamaan di mana keutamaan diandaikan
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lebih homogen dalam segmen, tetapi sangat berbeza di antara segmen. Model LC ini digunakan untuk menjelaskan
kepelbagaian keutamaan di kalangan pengusaha akuakultur di Tanah Lembap Setiu, Terengganu. Pada masa ini,
penternakan ikan sangkar merupakan aktiviti sosio-ekonomi utama yang memberi impak yang agak besar kepada
ekosistem tanah lembap seterusnya mempengaruhi keupayaannya untuk membekalkan perkhidmatan ekosistem kepada
kumpulan pemegang taruh yang lain. Kajian ini mengukur kepelbagaian keutamaan pengusaha akuakultur terhadap
kesan ekosistem di bawah beberapa senario pengurusan yang berbeza. Kewujudan pembahagian keutamaan dalam
kumpulan pemegang taruh telah diuji. Kajian ini mendapati terdapat tiga pengkelasan atau segmen dalam kumpulan
yvang menunjukkan set keutamaan yang agak berbeza. Segmen 1 menunjukkan keutamaan yang tinggi terhadap
peningkatan dalam kadar tangkapan, keutamaan yang agak tinggi terhadap peningkatan dalam pendapatan nelayan
dan keutamaan yang agak tinggi terhadap kutipan kerangan yang rendah. Segmen 2 menunjukkan keutamaan yang
agak tinggi terhadap peningkatan dalam kadar tangkapan dan keutamaan yang sangat tinggi bagi mengekalkan situasi
semasa (status quo). Segmen 3 pula menunjukkan kekeliruan dalam keutamaan terhadap peningkatan kadar tangkapan
dan keutamaan yang sederhana terhadap peningkatan pendapatan nelayan. Berbeza dengan Segmen 2, Segmen 3
menunjukkan bantahan yang kuat terhadap situasi semasa. Keputusan kajian terhadap kepelbagaian keutamaan oleh
pengusaha akuakultur ini menyarankan bahawa Model Pengkelasan Pendam (LCM) juga dapat diaplikasi dengan baik
di Malaysia. Kejayaan model LC ini dibuktikan oleh keputusan darjah kepadanan yang tinggi daripada model terbaik
yang dihasilkan. Dapatan utama kajian menyarankan bahawa kefahaman terhadap objektif utama kajian, kebiasaan
dengan kawasan kajian dan pembentukan set pilihan yang teliti, serta penggunaan penemubual yang terlatih adalah
faktor utama yang menyumbang kepada kejayaan aplikasi model LC di negara sedang membangun.

Kata kunci: Ekosistem tanah lembap; model pilihan diskret; Model Pengkelasan Pendam, kepelbagaian kecenderungan

INTRODUCTION

Wetlands are highly productive and valuable ecosystems
(Barbier et al. 1997; Brander et al. 2006; Zhang et al.
2010). Wetlands are defined as “areas of marsh, fen,
peatland, or water, whether natural or artificial, permanent
or temporary, with water that is static or flowing, fresh,
brackish, or salty, including areas of marine water the
depth of which at low tide does not exceed six metres”
(Ramsar 1971). Globally, total wetlands is estimated
approximately at up to 21.26 million km? (Hu et al. 2017).
Meanwhile, the wetlands area in Malaysia is estimated at
5.19 million hectares. Malaysia is blessed with diverse
wetland ecosystems particularly for coastal wetlands
such as mangroves, mudflats, freshwater swamps, peat
swamps, marshes, Nypa swamps, melaleuca swamps,
lagoons, river and estuary systems, rocky shores, sandy
beaches and coral reefs. Mangroves are among the
most important wetland ecosystems in Malaysia with a
total area of 641,000 hectares. The diversity of wetland
ecosystems in Malaysia is due to the heterogeneity of
vegetation structure and composition, unpredictable
rainfall patterns and adjacent different surrounding
landscapes particularly in the coastal wetland habitats
(Rajpar & Zakaria 2014).

The benefits gained by human beings from
ecosystems are defined as “ecosystems services”. The
Millennium Ecosystem Assessment (MEA) mainstreamed
the concept of ecosystem services (MEA 2005a, 2005b)
and the literature on ecosystem services has grown
exponentially from that point onwards (Fisher et al.
2008). This concept provides a convenient and relevant
approach to illustrating the diverse ways in which wetland
ecosystems contribute to human welfare and distinguishes
these welfare contributions into four main ecosystem

service categories: regulating, provisioning, supporting
and cultural services (MEA 2005a,b; Turner et al. 2000).

The importance of wetland ecosystem services is
represented by their values as measured in monetary
terms. The value of an ecosystem is expressed as the
amount of something that is foregone (the opportunity
cost) in order to attain an increase (or retain the status
quo) of a good or service (Barbier et al. 1997; Turner et
al. 2000; Winkler 2006). The total economic value (TEV)
of wetland ecosystems is measured by the total amount
of resources that people are willing to forego in order to
attain an increased (or preserved) amount of this service
(adapted from Turner et al. 2000).

However, it is estimated that about half of wetlands
worldwide have depleted since 1900 particularly in
temperate countries during the first half of the twentieth
century and in tropical and subtropical areas since the
1950s (Barbier 1993, 1994; Dugan 1990; Moser et al.
1996; OECD 1996). The main drivers that contribute to
the loss of coastal wetlands are the conversion of wetland
ecosystems through drainage, diversion of freshwater
flows, nitrogen loading, siltation, species invasions,
overexploitation of fish resources and unsustainable
aquaculture activity (MEA 2005a).

Due to population growth particularly in the coastal
area, pressures from anthropogenic activities on coastal
wetlands threaten many of the wetland ecosystem
services which are crucial to human well-being. Fish, the
most important wetland product, is the main source of
protein for one billion people and a source of employment
and income for at least 150 million people worldwide. At
least two-thirds of the fish that we consume depend on
coastal wetlands particularly estuaries and mangroves at
some stage in their life cycle. Overexploitation of coastal
fisheries (on coastlines, estuaries and coral reefs) have
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depleted stocks of finfish, crustaceans, and molluscs
and consequently reduced the supply of coastal fishery
products and incomes for local coastal communities. The
diversion of freshwater from rivers feeding estuaries has
altered the delivery of water and sediment to nursery areas
and fishing grounds in the coastal zone, affecting the
livelihood of millions of people who depend on capture
fisheries (MEA 2005a).

Aquaculture activity is driven by increasing demand
for culture fisheries as an alternative to capture fisheries.
This has led to habitat loss, increasing the vulnerability of
coastal regions to natural hazards (such as storms, waves,
erosion, and floods) and affecting livelihoods (loss of
income sources), health (diseases) and security (death).
Regionally, the greatest direct threat to coastal wetlands in
tropical and subtropical areas is changes in local land use
and land cover leading to large-scale losses of supporting
services and habitats. For example, in Asia, the loss of
mangroves has been attributable mainly to increased
aquaculture particularly for shrimp and fish, deforestation
and upstream freshwater diversion (MEA 2005a).

In order to assign a value to changes in the delivery
of ecosystem services from a wetland, we must identify
the physical changes which are expected to arise in the
wetland ecosystem and understand how these changes
are affected by the human activity and the ‘value’ of
those changes (Bingham et al. 1995; Chopra & Adhikari
2004; Turner et al. 2003). Economic valuation is the
process of expressing values for changes in wetland
ecosystem services that emphasises human interests
(preferences). Economic valuation with regard to
wetland ecosystem services is important specifically in
developing country settings for the purpose of guiding
policymakers for more efficient and sustainable wetland
management (Torres & Hanley 2016). According to
Torres and Hanley (2016), a high number of studies
have focused on valuing services provided by wetlands
located in developing countries particularly for
regulating and provisioning services.

A range of methods exist for quantifying the
economic value of wetland ecosystem services (see for
example Barbier 1993; Barbier etal. 1997; Bingham et al.
1995; de Groot et al. 2010; Farber et al. 2002; Turner et
al. 2000; Winkler 2006; Torres & Hanley 2016). Survey-
based valuation approaches have also been developed for
non-market goods and services for valuing, regulating,
supporting and cultural services. These stated preference
(SP) approaches are based on a simulated market where
people are asked (in a survey through questionnaires
and or interviews) to express their preferences for
increases or decreases in the delivery of a particular
environmental good or service (Garrod & Willis 1999).
Choice experiments (CEs) were recognised as tools for
estimating these non-market environmental values via the
stated preferences approach. In early implementations of
choice-based stated preferences (SP) methods, consumers’
preferences were elicited by choosing the most preferred

option from a list of available options characterised by
the attributes of the options.

This study will employ choice experiments (CEs) for
eliciting relative preferences for the delivery of different
wetland ecosystem services among aquaculturists
stakeholders affected by wetland management decisions.
Individual stakeholders’ (respondent) preferences for
delivery of different levels of different ecosystem services
are examined by observing respondents’ preferred choice
options when presented with a carefully designed set of
hypothetical ecosystem service delivery combinations
as a set of choice cards (i.e. the choice set). A choice
set comprises a number of separate choice cards. Each
choice card comprises a number of choice options
delivering different levels of different ecosystem services
(attributes) from which respondents are requested to
choose their most preferred option.

Respondents’ reactions to the options available
on the choice cards can be used to estimate their
marginal rates of substitution between the various
ecosystem services (i.e. the attributes) and thus establish
respondents’ relative preferences for the delivery of
different levels of services. If one of the options on
the choice cards is a cost (i.e. involves a monetary
payment), then the marginal price of each of the other
attributes on the cards can be assessed. And if a status
quo or ‘do-nothing’ option is also included as well as a
cost attribute in the choice sets, choice experiments can
be utilised to assess the full willingness to pay value
for each alternative relative to the status quo baseline
(Kanninen 2007). An important advantage of CEs as
a stated preference method is that they can address
and quantify preferences for different attributes of
hypothetical scenarios, i.e. outcomes of management
options which may not exist. This allows the method to
be used as a stated preference method for environmental
valuation to explore relative preferences for outcomes
of potential future management scenarios.

This research aims to predict an individual’s choice
behaviour for aquaculturists stakeholder subgroups by
examining their preferences for different characteristics
(attributes and attribute levels) of ecosystem goods and
services, predicting how they will respond to the levels
of these attributes delivered under different management
scenarios (options). It then assesses which are their most
preferred management options for the wetlands as a
whole, as well as identifying which individual-specific
characteristics influence their preferences, attributes and
options. The Setiu Wetlands which is situated on the east
coast of Peninsular Malaysia is chosen as a case study
for this research. Setiu Wetlands is classified as a natural
coastal wetland ecosystem and consists of a number
of inter-connected major habitats including permanent
shallow marine waters, marine subtidal aquatic beds
(seagrass beds, kelp beds), sandy shores (sand spits,
sandbars), estuarine waters, intertidal mudflats, intertidal
forested wetlands (mangrove swamps, Nypa swamps,
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freshwater swamp forests), intertidal marshes (tidal
brackish and freshwater marshes) and coastal brackish
lagoon (Alipiah 2010).

LITERATURE REVIEW

The fundamental issue in discrete choice study is
‘choice’. In order to choose, the quantity of information
(details) and the quality of the ‘choices’ or ‘options’
characteristics (or attributes) are required in order to
make a correct and accurate decision. By examining
individuals’ choice behaviours, the analyst may be able to
understand and relate the decisions made by each person
to the characteristics of the person and the characteristics
(or attributes) of the options (or alternatives) available
to the person.

Discrete choice study seeks to elucidate the
underlying preferences to determine whether preferences,
and therefore choices, differ across individuals or
between groups of individuals. For the last three decades,
the most basic form of discrete choice model specification
has been the Multinomial Logit (MNL) specification
under the assumption that the error terms in the utility
function are independently and identically distributed
(1ID) (McFadden, 1974). By assuming homogenous utility
functions across the respondents, this model does not
allow the evaluation of individual preference variation
(i.e. respondents with different socio-demographic
characteristics such as age, income, and gender are
assumed to have the same set of preferences driving their
choice decisions).

More advanced models such as the Random
Parameters Logit (RPL) model and the Latent Class (LC)
model were subsequently introduced to overcome this
restriction by introducing individual preference variation
through relaxation of the IIA property (see e.g., Birol et
al. 2006; Kosenius 2010; Milon & Scrogin 2006; Morey
& Greer Rossmann 2003; Morey et al. 2006; Wang et
al. 2007; Zhai & Suzuki 2008). The RPL model allows
random heterogeneity across individuals by assuming a
continuous distribution for individual preferences.

The Latent Class (LC) model is one of a number
of alternative approaches in choice experiments which
can accommodate preference heterogeneity among the
respondents. It evaluates how behaviour functions in the
observable attributes of the choices together with latent
heterogeneity in respondent characteristics (Heckman
& Singer 1984; Louviere et al. 2000; McFadden 1986;
McCutcheon 1987). McFadden (1986) emphasises that
psychometric data in the form of preferences, attitudes,
values and beliefs are vital to quantify the theoretical
construct of choice behaviour. The LC model organises
the segments of the observed constituent variables within
a typology or classification (McCutcheon 1987) where
preferences are assumed to be relatively homogenous
within the segments, but substantially different between
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the segments. The latent segments concept was initially
applied to understand preferences for beauty aids
(Swait 1994) and wilderness recreation park (Boxall &
Adamowicz 2002).

Individual choice behaviour is often analysed using
discrete choice models. Discrete choice modelling is
often attributed to Daniel McFadden whose pioneering
work on its theoretical construction won him the
Nobel Prize in 2000, however, it was developed earlier
by Thurston (1927) in the 20™ century in terms of
psychological stimuli and expanded by Marchak
(1960) who interpreted the stimuli as utility and
provided a derivation from utility maximisation
(Train, 2003). Lancaster (1966) developed the utility
maximisation theory as the theoretical foundation for
utility maximisation concept. However, an econometric
foundation for the concept was introduced earlier by
Luce and Suppes (1965). Lancaster’s theory of value
postulates that consumers’ utility is derived from
the consumption of ‘composite goods’ (goods which
comprise the sum of the characteristics or attributes of
those goods) instead of the consumption of goods per
se (Louviere et al. 2000). For example, an individual’s
preference for a car can be described in terms of its
brand (manufacturer), model, car type, price, age (new
or used), performance, engine size, safety, colour, and
other characteristics.

McFadden (1974) established choice modelling
by applying an econometric approach to random utility
theory (RUT). Model estimation for choice modelling
combined RUT with statistical specifications of the first
form of logit model which is known as the Multinomial
Logit (MNL) model. The MNL model was initially
employed by marketing researchers to model the choice
of telecommunication services during the early 1980s
(Louviere et al. 1981; Louviere & Hensher 1982). It was
also used to analyse aggregate marketing data ( Louviere
1988; Louviere & Hensher 1983; Louviere & Woodworth
1983) where for the first time Louviere and Woodworth
(1983) used the term ‘choice experiments’ (CEs) (Hanley
et al. 1998). Later on, the choice experiment technique
was widely applied in modelling transportation demand
(Ben-Akiva 1985; Hensher et al. 1990).

In environmental valuation, the choice experiment
(CE) technique was first applied by Adamowicz et al.
(1994) to determine the preference of alternative flow
scenarios for the Highwood and Little Bow rivers in
Alberta, Canada among recreationalists, followed by
Boxall et al. (1996) with an application on moose hunting
in the province of Alberta (Hanley et al. 1998). Since
then, the application of CEs in environmental studies
became widespread (see for example, Adamowicz et
al. 1997; Adamowicz et al. 1998; Hanley et al. 1998;
Hanley et al. 2001; Layton 2000; Morrison et al. 2002).
Other recent studies on the management of environmental
and ecological resources were reported by Boxall and
Adamowicz (2002), Horne et al. (2005), Kemperman
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and Timmermans (2006), Zhai and Suzuki (2008)
and Kosenius (2010), including investigations of the
preferences driving domestic water demand (Bateman et
al. 2009; Barton & Bergland 2010; Hoyos 2010; Hensher
et al. 2005; Willis et al. 2005).

A number of recent studies which applied CEs
specifically focused on the valuation of wetland
ecosystem services has increased considerably (see for
example, Birol et al. 2006; Carlsson et al. 2003; Do &
Bennet 2008; Faccioli et al. 2015; Hanley et al. 2006;
Kaffashi et al. 2012; Milon & Scrogin 2006; Nunes
et al. 2004; Nunes et al. 2008; Othman et al. 2004;
Petrolia et al. 2014; Westerberg et al. 2010). Regarding
ecosystem service valuation, researchers have valued
regulating, provisioning and cultural services because
of the importance of these services especially nitrogen
mitigation, coastal protection and stabilisation.

The main issues which underpin interest in studying
environmental and resource management issues are the
relative scarcity of environmental goods and services
and the decline in the environment’s ability to provide
environmental products due to its competitive use to
satisfy a broad range of consumptive demands. In this
context, the complex conflict between conservation
and development of the environment becomes more
apparent; and more information about the choices
available and the impact of those choices on the
stakeholder community is required (Bennet & Blamey
2001). Since environmental goods and services are
not usually traded in conventional markets, choice
experiments were recognised as tools for estimating
these non-market environmental values via a stated
preferences (SP) approach. In early implementations
of choice-based stated preferences (SP) methods,
consumers’ preferences were elicited by using ranking
or rating approaches or by choosing the most preferred
option from a list of available options characterised by
the attributes of the options.

The LC model conceptualises individual preference
heterogeneity as a discrete distribution characterized
by an endogenous or ‘latent’ preference segregation
or segmentation which is derived from an individual’s
characteristic. In the LC model, the number of preference
segments is finite, and the ‘optimum’ number of segments
is resolved endogenously by the data. Homogenous
preferences characterise each LC segment, but segments
differ from one another significantly in their preference
structure (Birol et al. 2006; Kosenius 2010).

The elicited preferences from the questionnaire
for the different stakeholder groups were estimated
using Latent Class (LC) discrete choice models.
The latent class (LC) model is one of a number of
alternative approaches in choice experiments which
can accommodate preference heterogeneity among the
respondents. Respondents’ responses to the options
available on the choice cards is a basis for predicting
how they will substitute between the various ecosystem

services (i.e. the attributes) and thus establish their
preferred level of service. If one of the options on the
choice cards is a cost (i.e. involves a monetary payment),
then the marginal price of the other attributes on the
cards can be calculated. And if a status quo or ‘do-
nothing’ option is included as well as a cost attribute in
the choice sets, a person’s willingness to pay for each
alternative can be determined relative to the status quo
baseline (Kanninen 2007). An important advantage of
CEs as a stated preference method here is that they can
address and quantify preferences for different attributes
of hypothetical scenarios, i.e. outcomes of management
options which may not exist yet. This allows the
method to be used as a stated preference method for
environmental valuation to explore relative preferences
for outcomes of potential future management scenarios.

METHODOLOGY

THEORETICAL BACKGROUND

Preference ordering using preference elicitation for
choice options should be consistent with RUT (see, for
example, Luce and Suppes 1965; Louviere et al. 2000).
Random Utility Theory (RUT) advocates that people
think of utility, but it cannot be observed directly by the
researcher. As such, it is a latent construct. However, a
systematically designed preference elicitation procedure
will explain a significant proportion of unobserved
utility which is referred to as the deterministic utility
(Viy)> while leaving the remaining utility (unobserved
utility) unexplained (as a random error term). RUT is an
expression of deterministic utility (¥j,) plus a random
error term ;,), together representing the true utility (Uy,)
of the i option for the ¢ individual (g=1,..., Q);

Ui :V;q + giq (1)

where;

U,, is the latent, unobserved utility

V., is the observed (and measured) deterministic utility

€y 1s the random term, capturing the uncertainty
surrounding the choice decision.

The basic structure of an individual choice model
assumes that individual ¢ will choose an option that
delivers the highest utility (option i) if;

Uy > Uy ¥ i %] 2)

By substituting equation (5.1) into equation (2), option
i is chosen if

(Uiq + giq) > (V]q + gjq) (3)

Equation (3) can be rearranged to group the observable
and unobservable utilities together as:

(Viq - V]q) > (gjq - giq) (4)
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Since the analyst does not observe (gj, — &) we
cannot determine precisely if (V;,— Vj,) > (g, —&;y)- Only
statements about the probability of choice outcomes
occurring can be made. The probability (P) of individual
q choosing option i can be represented by the following
expression;

Pig = Pl(gjg—ig) < Vig = Vi)l V i #] ©)

Equation (5) could be defined as the probability of
an individual g choosing option i (P;,) is equal to the
probability that the difference in the unobserved sources
of utility of option j compared to i[P[(¢;, — &;,)] is less
than the difference in the observed sources of utility
of option i compared to option j[P[(V;, — V},)] after
analysing each and every option in the choice set of
j=1, ...1, ...J options.

The basic RUT (equation 1 to equation 5) is applicable
for modelling individual choice on model estimation (see
for example, Louviere et al. 2000; Bennet and Blamey
2001; Hensher et al. 2005).

USE OF CHOICE EXPERIMENTS TO ELUCIDATE RELATIVE
PREFERENCES

Choice experiments are samples of choice sets or choice
scenarios systematically designed a priori to satisfy the
estimation requirements of different forms of discrete
choice models. The implementation of CEs generally
involves four main elements as follows:

1) Set-up of CEs

Aquaculturists were identified as a focal stakeholder
group in the present study because of the considerable
impacts aquaculture imposes on the wetland ecosystem.
The next stages of the research design are; (a) Identify the
management scenario options which will be explored and
(b) Produce a list of attributes and attribute levels through
which the consequences of the various management
scenarios can be depicted on the choice cards.
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The list of attributes and attribute levels for the
CEs was produced by using the BBN cause-effect model
to predict likely levels of ecosystem service delivery
under the four chosen management scenarios (refer
to Table 1). This model identified four management
scenarios: (a) the current situation (Status quo scenario)
and three hypothetical future scenarios focusing on
(b) Intensive aquaculture, (c) Conservation, and (d)
Ecotourism. Details of the selection of attributes and
scenarios can be referred in Alipiah et al. (2018) and
Alipiah (2010).

2) Experimental design

The experimental design for a CE assigns the combinations
of attributes and levels which will be presented in each
choice option on each of the choice cards and the number
of choice cards in the CE. Table 2 shows the choice card
design developed for this study which used an optimal
orthogonal in differences (OOD) approach, as developed
by Street and Burgess (2007).

Orme (1998) recommends that the number of
respondents interviewed # should be sufficient to ensure
that:

nta
— >500
c
Where:
¢t = number of choice tasks completed by each respondent

[6]

a = number of alternatives per choice task (not including

a status quo) [3]
¢ = number of levels of the attribute with the largest

number of levels [3]

Orme’s sample size requirement, therefore, suggests
that at least 84 respondents should be interviewed for the
Setiu CE surveys. Orme’s recommendations are often,
although not always, adhered to in practice. With this
in mind, target sample sizes of 85 respondents in the

TABLE 1. Ecosystem service attributes chosen to represent BBN nodes (and the states of nodes) and CE attributes (and the levels
of those attributes)

BBN Variables BBN Variable States CE Attributes CE Attribute Levels [coding]
1. Aquaculture production a. Low 1. Harvest rate (%) [HR] a.30 % [0]
b. Medium b. 40 % [1]
c. High c. 50 % [2]
2. Sediment invertebrates a. Normal 2. Shellfish collection [SC] a. 10kg/day [0]
b. Elevated b. 20kg/day [1]
c. Reduced c. 30kg/day [2]
3. Fisheries income a. Low 3. Fisheries income [FI] a. RM500/month [0]
b. Medium b. RM700/month [1]
c. High ¢. RM1000/month [2]

4. Annual licence fee [F] a. RM1/cage [0]
b. RM1.50/cage [1]
c. RM2/cage [2]

d. RM10/year*
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TABLE 2. Choice card design for the attributes and levels used in the CEs stakeholder group.

Option 1 Option 2 Option 3 Status Quo

Attribute A B C D A B C D A B C D A B C D
Card 1 1 1 2 1 2 2 0 2 0 0 1 0

Card 2 0 0 2 2 1 1 0 0 2 2 1 1 as appropriate
Card 3 2 0 0 1 0 1 1 2 1 2 2 0

Card 4 2 1 1 0 0 2 2 1 1 0 0 2

Card 5 1 2 1 2 2 0 2 0 0 1 0 1

Card 6 0 2 0 0 1 0 1 1 2 1 2 2

Setiu CE would be recommended if sufficient time and
resources were available.

3) Questionnaire development

Overall, the questionnaire was structured into three main
sections; research scenario/problem statements, a series
of choice sets with a number of attributes and attribute
levels (refer to Appendix A), and other questions to
quantify respondents’ background and attitudes.

4) Survey design and sampling methodology

The questionnaire survey was conducted by personal
face-to-face interviews instead of self-administered
methods. In stated preference valuation studies, face-
to-face interviews are widely implemented compared to
self-administered methods. According to Snowball and
Willis (2011), the National Oceanic and Atmospheric
Administration (NOAA) panel on Contingent Valuation’s
(cv) recommendation to use willingness to pay (WTP)
for data collected using face-to-face interviews, the
majority of CE studies have used face-to-face interviews
to administer questionnaires. Despite the advantages
of using face-to-face interview such as more data
could be collected, extra information can be provided
during the interviewing session, high response rate, low
cognitive burden, etc.; this method also has drawbacks
such as being costly and time-consuming, less time
for respondents to think about the options offered
in the choice cards, interviewer bias and the ‘warm
glow’ effect.

The survey was administrated in June and July
2009. A random sampling approach was used to
select respondents. However, only 50 culturists were
interviewed, as this represented almost the entire
population of local aquaculturists. The reason for the
smaller than intended sample of aquaculturists is a
reduction in the number of culturists operating in the
Setiu Lagoon which has occurred since 2008 due to
high mortality rates for caged fish. Some culturists
discontinued their operations when the potential profit
became very low due to an extremely high fish mortality
rate. As a result, the enumerators had to look for
aquaculturists from other cage culture locations which
were outside the main site (Gong Batu) such as Limau
Nipis, Fikri and Penarik. Most of the aquaculturists were

interviewed at the jetty where the harvested fish from
the lagoon were landed, although some of them were
interviewed at their homes, particularly on weekends.

LATENT CLASS MODEL ESTIMATION

The LC model is fundamentally rooted in this random
utility theory. The difference between the CL and LC
approaches to model estimation comes from segmentation
of the population where (in the LC model) individual n is
estimated to have a particular probability of belonging
to segment s (s = [, ..., §). The existence of this
segmentation is shown in the utility function as follows;

Uiq/s = :Bs/\/iq + Eig/ss (6)

Where,

(Uigis) s the utility which respondent g would derive
from choosing option 7, given that respondent g were
to belong to a particular segment s.

X; is a vector of attributes associated with option i

Py is asegment-specific vector of preference parameters
associated with the attributes (X), and

€iq/s are the error components.

Assuming the error terms (&) are independently
and identically distributed and follow a Type I (or
Gumbel) distribution, the probability of individual g in
segment s choosing option i in order to maximise his/
her utility (U,,) can be represented by the following
expression;

U _ eXp (ﬁyxiq) (7)
fas 25;'=1 eXp (ﬁsxiq)

According to (Swait 1994), a latent or unobservable
membership likelihood function (M) which categories
an individual into one of the segments, and which is
driven by individual-specific characteristics such as
socio-economic characteristics, attitudes and perceptions,
can be expressed at individual level (¢) as;

My =3Z,+&  s=1,..,8 (8)

Where Z, is the observed individual-specific
characteristics for individual ¢, A, is a vector of parameters
linking these individual-specific characteristics to



260

the probability of segment membership and ¢, is the
error terms.

By assuming the error terms in the membership
likelihood function are independently and identically
distributed across individuals and segments with Type
I extreme value distribution and scale factor a (Gupta
& Chintagunta 1994; Kamakura & Russell 1989; Swait
1994); the probability of individual ¢ being a member of
segment s can be expressed as;

exp (U + Z)
Uas = 55 expliy + 2)

)

Where 4, (k = 1, 2, ..., S) are the segment-specific
parameters to be determined and P, sums to one across
the S latent segments (0 < P, < 1). Bringing together
equation 7 and equation 9 allows the analyst to derive
the probability that individual ¢ pertains to segment s
and chooses option i, as represented by the following
equation;

P iqls — (P iq/s) * (P is)
[ e B ] [ exp (s Z)
T exp o] LS expts 2y 1O

The optimal number of segments (S) in the LC model
is not defined automatically and must be determined
by using a number of statistical criteria. Two statistical
criteria commonly used to determine the optimal number
of segments; the minimum Akaike Information Criterion
(AIC) and the minimum Bayesian Information Criterion
(BIC) (Allenby 1990; Gupta & Chintagunta 1994;
Kamakura & Russell 1989; Swait 1994). The process of
determining the optimal number of segments involves
balancing the improvement in the log-likelihood values
as additional segments are added with the additional
complexity incurred.

The AIC and BIC measures of model fit effectively
apply penalties for the increasing number of parameters
added due to the inclusion of additional segments
(Boxall & Macnab 2000). However, these statistical fit
criteria should be used as a guide only as rigid rules for
determining the optimum numbers of LC segments do not
exist. As well as the AIC and BIC statistical criteria, the
significance of the parameter estimates, interpretability of
the model, analyst’s judgement, simplicity and the overall
“parsimony” of the model are also taken into account for
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the final selection of the number of segments (Boxall &
Adamowicz 2002; Kosenius 2010; Swait 1994).

The estimated LC models were derived from the
choice card set in which each card presents four different
options comprising four attributes present in three levels.
The LC estimation equations can be interpreted as the
estimated conditional indirect utilities derived from the
different choice options present on the cards (Vp, Vy, Vg
and V).

Empirical Results The results of LC models revealed
that the three-segment model is the best model with
three optimal number of classes based on the statistical
criteria of model fit, specifically the BIC and AIC, as well
as the Pseudo R2 and log-likelihood statistics. Relevant
statistical criteria for choosing the number of segments
in the aquaculturists’ LC model are shown in Table 3.
Log-likelihood value decreases and Pseudo R? improves
very substantially as the number of segments increases
up to three. A significant improvement in Pseudo R?
(49 %) is evident when moving from the two-segment
to the three-segment LC model. The change in log-
likelihood between the two-segment and the three-
segment LC models is sufficient to justify the inclusion
of the seven extra parameters in the three-segment
model (-2 x (—241.689 — (-298.348)) = 113.318 > »*
5 % critical value for 7 degrees of freedom).

The AIC statistics decrease with a slightly larger
reduction reported between one and two segments
(18%) than between two and three segments (16%). The
BIC criterion also improves from two segments to three
segments, suggesting that the three-segment model is
the best solution. Besides these statistical criteria, the
significance of the estimated parameters, researcher’s
judgement, the explicability of the model and the overall
representativeness of the segmentation may also need be
considered when selecting the number of segments (Swait
1994). Considering all of these aspects collectively, the
three-segment LC model appears to provide the most
appropriate fit to the CE data.

Results from the three-segment LC model are
reported in Table 4. This model classifies the sample into
three fairly evenly-sized segments'; 41 % in Segment 1,
28 % in Segment 2, and 32 % in Segment 3. The three
segments show relatively distinct sets of preferences.
Segment 1, the largest segment, strongly associated with

TABLE 3. Statistical criteria for determining the optimal number of segments in a Latent Class Model.

Log- 2 Number of Respondents
No. of Segments 08 Pseudo R AIC BIC Association with
Likelihood Parameters *
Segments
1 -373.2211 0.098 2.5281 2.6022 6 -
2 —298.3476 0.279 2.0757 2.2362 13 98 %
3 —241.6894 0.416 1.7446 1.9915 20 96 %

* Respondents are regarded as being strongly associated with a particular segment if their individual-specific probability of segment membership

for that segment is > 90 %.
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around 40 % of respondents, shows a highly significant
and very strong non-linear increase in preference for
higher harvest rates. This segment also shows a highly
significant and moderately strong preference for higher
fisheries income but also a significant and moderately
strong preference for lower shellfish collections. Segment
1 shows no significant response to the fee attribute.

The three-segment LC model has been unable
to resolve Segment 1°s preference for the status quo
ASC. Subsequent investigation of the choices made by
respondents strongly associated with Segment 1 showed
that none of these respondents chose the status quo
option on any of the choice cards. The status quo dummy
variable would therefore never have been set to ‘1’ for
this Segment, and this prevented estimation of the status
quo ASC parameter for Segment 1. This is the discrete
choice modelling equivalent of the ‘complete separation’
which prevents parameter estimation in binary logit or
binary probit models (Long 1997). The polarity of the
coefficient estimates for the status quo ASC confirms the
intuitive interpretation of Segment 1’s observed choice
behaviour— Segment 1 respondents show very strong
aversion to retaining the status quo, ceteris paribus.
However, the complete absence of the status quo options
in the choices made by these respondents prevents the
model from providing statistical confirmation of this
preference.

Segment 2, the smallest segment, strongly associated
with around 28 % of respondents, shows a moderately
strong linear preference for higher harvest rates which
is significant at the 10 % level. Segment 2 also shows a
very strong and highly significant preference for retaining
the status quo. This segment shows no significant

preference for the shellfish collection, fisheries income
or fee attributes.

Segment 3, strongly associated with around 32%
of respondents, shows a perplexing set of significant
preferences for increasing harvest rates. The segment
shows a moderate preference for the current 40 % harvest
rate compared to the lower 30% harvest rate but appears
to strongly prefer the current 40% harvest rate to an
alternative, higher harvest rate of 50%. Segment 3 also
shows a modest preference for higher fisheries income,
significant at the 10% level. In direct contrast to Segment
2, Segment 3 shows a highly significant and very strong
aversion to retaining the status quo.

DISCUSSION

The three-segment latent class model provides a good
fit to aquaculturists’ observed choice predictions. The
preferences portrayed for Segment 1 (around 41%
of the sample) appear largely consistent with those
which might be expected from individuals operating
intensive aquaculture in Setiu Lagoon, showing a strong
preference for the highest level of aquaculture harvest
rate, a preference for increased fisheries income and an
aversion to increased shellfish collection. Segment 1
respondents did not select the status quo option on any
choice occasion, preventing the model from quantifying
the status quo preference for this segment, although
it seems reasonable to infer from this behaviour that
Segment 1 aquaculturists are highly averse to retaining
the status quo if alternatives offering higher aquaculture
harvests are available.

TABLE 4. The 3-segment Latent Class Model

Latent Class Model (3 Segments)

Attributes

Segment 1 Segment 2 Segment 3

Coefficient Std. Err Coefficient Std. Err Coefficient Std. Err
Harvest rate 1 -0.7324" 0.3487 0.1683 0.4428 0.2730"" 0.0980
Harvest rate 2 2.6340™" 0.4232 0.7835" 0.4306 -0.2715™ 0.1264
Shellfish collection -0.7510" 0.3236 0.4285 0.3438 -0.1595 0.1116
Fisheries income 0.9336™" 0.3555 ~0.2954 0.2830 0.1446" 0.0875
Fee 0.2667 0.3142 0.1822 0.3489 0.0432 0.0995
ASCsq —27.7375 840056 3.1639™ 0.6600 -2.0386™" 0.4027
Summary of statistics
Average class probabilities 0.406 0.279 0.315
Log-likelihood —241.689
Pseudo R? 0.4160
No. of parameter 20
AIC 1.7446
BIC 1.9915
No. of observations 300
No. of individuals 50
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Segments 2 and 3, representing around 2% and 32%
of the sample respectively, are harder to characterise.
These segments differ most distinctly in their preference
towards retaining the status quo, with Segment 3 strongly
averse whilst Segment 2 are strongly in favour. Segments
2 and 3 both prefer the current (40%) harvest rate over the
lower (30%) harvest rate. Segment 3, puzzlingly, appears
averse to the higher (50%) harvest rate, whilst Segment 2
prefers this higher harvest rate to the current level. This
preference remains unexplained. In addition, Segment 3
shows a preference for higher fisheries income whereas
Segment 2 does not. All segments disregard the fee
attribute in their decision making, probably reflecting the
implausibility of the proposed fee payment mechanism
and its enforcement.

CONCLUSION

The application of the LC model to evaluate human
behaviour which can accommodate preference
heterogeneity among the respondents has been mostly
applied in developed countries. In comparison, the
application of this model for the same purpose in
developing countries is limited. In Malaysia, Othman et
al. (2004) attempt to assess the non-market values derived
under the status quo and alternatives management options
in Larut Matang Mangroves. They employed an MNL
model instead of LC model to introduce potential sources
of heterogeneity by interacting socio-demographic and
attitudinal variables in the model.

The application of the LC model accounts for
preference heterogeneity founded on the concept of
endogenous (or latent) preference segmentation in which
there are separate (latent) segments of respondents.
It is characterised by homogenous preferences, but
preference structures can differ substantially between
segments (Birol et al. 2006). Segmentation is likely to
be influenced endogenously by an individual’s socio-
demographic, economic and attitudinal characteristics
and LC models acknowledge that this segmentation
could be affected by socio-demographic and attitudinal
characteristics which have not been recorded by the
analyst. LC models thus assume that socio-demographic
and attitudinal characteristics of respondents, both
observed and unobserved, affect choice indirectly
through their impact on segment membership. LC models,
therefore, allow the segmentation to emerge ‘latently’
through likelihood maximisation in model estimation
(Birol et al. 2006).

The results of the LC model of this study revealed
considerable variation in preferences for delivery of key
ecosystem services and preferences towards status quo or
alternative scenarios within the three distinct subgroups.
Quantifying the variation in these relative preferences can
assist decision making by enabling a broader range of
stakeholders’ views to be taken into account in developing
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management policies particularly with regard to the
aquaculture activities in Setiu Lagoon. The results reveal
that most aquaculturists portrayed significant preferences
on different levels of harvest rate. They are also highly
averse to retaining the status quo scenario and prefer to
choose alternative scenarios.

This finding shows that they want something to be
done to change the environment of the lagoon particularly
a new policy to improve the lagoon’s water quality.
Hence, improvements to the natural environment of
the lagoon area are suggested which could increase
the harvest rate of aquaculture production, collection
of shellfish and the capture of wild fisheries within the
lagoon. Improvements in Setiu Lagoon’s water quality
could be achieved by the implementation of best practice
of aquaculture management, periodical monitoring of
water quality level and deepening the bottom of the
lagoon in order to increase the flushing rate. Improved
water quality without monitoring the growth of new cages
will affect the effectiveness of the authorities’ actions and
plan. Here, the implementation of licence fees could help
authorities monitor the environment of the lagoon and
provide prolonged health. Therefore, efficient collection
of licence mechanisms and good enforcement should
be done by related parties such as the Department of
Fisheries or local authorities.

As a conclusion, the results of this study propose
that the LC model could be applied successfully in
Malaysia provided that a number of critical challenges
are addressed wisely. Existing studies, particularly in a
developing country setting, suggest that one of the most
critical challenges is the questionnaire design stage
to counter the potential difficulties which could arise
from unfamiliarity with the payment vehicle attribute,
other selected attributes and choice sets design, as
well as the cognitive levels issue. Moreover, critical
research design and planning involving the researchers,
local experts, stakeholders and extensive focus groups
consultation to ensure effective field data collection are
also crucial.
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NOTES

The segment with which each respondent is most closely
associated is determined by the individual-specific
probabilities of segment membership which are estimated
during likelihood maximisation. Individuals are said to
be ‘strongly associated’ with a particular segment if their
individual-specific probability of membership for that
segment is > 90%.
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APPENDIX: Research scenario and choice card in the questionnaire

SECTION 2: THE CHOICE CARDS

The Setiu Lagoon ecosystem, covering approximately 880 hectares of total water surface area was identified as a preeminent area
for aquaculture activities due to its physical, biological, chemical and hydrological characteristics. At present, the water based
aquaculture development in Setiu Lagoon uses only 5 % of the total water surface, offering considerable potential area for a
further development. The current concern is that aquaculture activities particularly in Gong Batu area may have caused significant
ecological problems due to the physical characteristics of the ecosystems and high intensity of aquaculture activities.

1. In order to resolve these difficulties, a number of management plans has been suggested for the future. The environmental
regulations in these management plans may effect outcomes such as:

The survival rate of caged fish (percentage of fish surviving to maturity)

Shellfish (cockles, clams) production (kg per day)

The expected level of income from an aquaculture operation with 20 cages (RM per month)

Different levels of annual licence fee for operating a metre square (m?) fish cage have also been proposed (RM per m* per

year)

bl

In the next part of this survey we will present you with six choice cards each of which shows three different combinations of these
different outcomes as well as a status quo option (do-nothing). We are interested to know your views about which option you
would choose on each choice card if the outcomes shown by the options on that card were the only ones available for managing
the lagoon ecosystem. (You are asked to tick ONLY ONE option [your preferred option] on EACH CHOICE CARD. This option
should be the one which provides the most acceptable combination of outcomes from the set of options shown on that card). There
are no ‘right’ or “‘wrong’ answers. You should tick the box to show which of the options on that card you personally would prefer
if the four options on that card were the only ones available. Different cards will present different combinations of options. Your
view on the possible management options will be used as a guideline and/or could assist the government or other groups who are
interested in managing aquaculture activities in the Setiu Lagoon ecosystem.

Survival Rate (%) Fisheries income Shellfish Annual licence fee My choice*
(RM/month) (RM/cage) ")
CARD 1
A 40 % RM1000 20kg RM1.50/cage
B 50 % RMS500 30kg RM2/cage
C 30 % RM700 10kg RM1/cage
Status quo 40 % RMS500 20kg RM10/year

*You are asked to tick ONLY ONE option (your preferred option) on this choice card. This option should be the one which provides the most
acceptable combination of outcomes from the set of options shown on this card.




