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A B S T R A C T

Governments have long faced potential trade-offs between economic development and protecting nature. This is 
particularly true for tropical and sub-tropical islands where most mangroves are found. Motivated by Trinidad 
and Tobago's central government's prior hotel development plans, we employ a discrete choice experiment (DCE) 
to investigate residents' preferences for mangrove ecosystem services (ES) in the Bon Accord Lagoon and Buccoo 
Bay, Tobago. Preferences were investigated in the context of a trade-off between conserving mangroves and 
promoting economic development through a hypothetical hotel project in the study area. We use a Hierarchical 
Bayesian Logit Model, exploring two distinct payment horizons, 5 and 25-years, undertaken independently and 
also merged in models that allow for choice certainty and individual characteristics. We find that respondents 
have consistent willingness-to-pay (WTP) for mangrove ES and exhibit general insensitivity to the payment 
horizons due to perceived disbenefits associated with mangrove loss from hotel development. The DCE and ex- 
post (follow-up) interviews suggest that there is strong public support for policies aimed at long-term protection 
of mangroves.

1. Introduction

There is increasing recognition that mangroves, intertidal trees or 
shrubs found in the tropics and sub-tropics, provide a variety of benefits 
or ecosystem services (ES), to people from local through to global scales 
(Friess, 2016; Barbier, 2017) and over short and long time periods. 
These benefits classified by the Millenium Ecosystem Assessment 
(Millennium Ecosystem Assessment, 2005), include provisioning, for 
example wood and timber; regulating, for example storm protection and 
erosion control; supporting, for example marine habitats; and cultural 
services, for example recreation (Kathiresan, 2012; Spalding et al., 2014; 
Das, 2022). Yet despite the benefits mangroves provide they are being 
lost globally at a rate of around 0.2 to 0.7 % annually since the 2000s. 

Although this is at a lower rate than the approximate 2.1 % annually 
from the early 1980s to early 2000s (Valiela et al., 2001; Friess et al., 
2019; Bryan-Brown et al., 2020), the loss is compounded by fragmen
tation, which is the break-up of mangrove connectivity into sub-parts 
through alternative land uses (Bryan-Brown et al., 2020). Drivers of 
loss and fragmentation include natural disasters, particularly storms; 
land-use conversion for urban expansion; aquaculture, including shrimp 
farming; and tourism development (Lugo, 2002; FAO, 2007; Polidoro 
et al., 2010; Tuholske et al., 2017).

Trinidad and Tobago (T&T), located in the Caribbean benefits from a 
tropical climate and estuarine conditions from the Orinoco and Amazon 
Rivers in South America, both of which promote mangrove growth. But 
in common with much of the Caribbean and Central American region, 
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the country is experiencing fragmentation and loss of mangrove con
nectivity (Juman and Hassanali, 2013; Mohammadi et al., 2020; Bryan- 
Brown et al., 2020). This is in part due to the continuing development of 
the tourism sector, particularly the traditional “Caribbean beach holi
day” (Oxford Business Group, 2015). Tourism contributes 37 % of GDP 
and 50 % of employment in Tobago (Hassanali, 2017), driving economic 
growth and development, but historically at the expense of mangrove 
marinescapes.

Mangrove area use in Tobago has been contentious. In the 1970s 
rapid infrastructural growth for housing and the tourism sector in 
southwest (SW) Tobago negatively affected the Bon Accord/Buccoo 
mangroves (Juman and Hassanali, 2013). Additionally, in the 1970s a 
constructed sewage treatment facility with an effluent drain through the 
mangroves into the lagoon became a vector for saltwater intrusion 
further inland and in the 2010s mangrove fragmentation occurred for 
housing and resort development (Juman and Hassanali, 2013). More 
recently the government experienced a backlash against continued 
tourism development from 2017 to 2019, when negative publicity in the 
media linked to potential mangrove loss, raised by Non-Governmental 
Organisations (NGOs) and scientists, contributed to the cancellation of 
plans to build a 750–1000 room hotel at the Bon Accord Lagoon and 
adjoining Buccoo mangrove site (LoopTT, 2018; Doodnath, 2019). It is 
estimated that Tobago lost a potential revenue stream of up to US$80 
million annually and 2000 jobs from the cancellation (Polo, 2018; 
Doodnath, 2019). Despite this, more hotels are planned at different 
coastal locations across the island, and airport expansion adjacent to the 
Kilgwyn/Friendship mangrove site is underway (see VisitTobago, 2022).

Tobago's experiences, and future plans, suggest that it is timely to 
consider this potential area of socio-environmental conflict.3 In this 
paper the overarching aim is to determine to what extent Tobago's 
population prefers protecting and enhancing mangroves over tourism- 
driven economic growth, or growth over mangroves. To achieve this 
aim we use a discrete choice experiment (DCE) to investigate residents' 
preferences for mangrove ES and economic development in the Bon 
Accord Lagoon and Buccoo, Tobago. We contribute to the environ
mental valuation literature in three ways. First, we estimate the 
willingness-to-pay (WTP) of Tobago's residents for a mangrove conser
vation programme using a Hierarchical Bayesian Logit Model, exploring 
methodological treatments in two distinct payment horizons, 5- and 25- 
years. This allows us to estimate the trade-offs across mangroves and 
economic development with a time sensitivity component. Second, self- 
reported choice certainty is included to measure respondent under
standing and confidence in their choice selection and is integrated into 
the choice model. Finally, using “follow-up” or “ex-post” interviews we 
investigated the individual WTP findings of each alternative in a 
selected choice task for ten previous DCE respondents. Ex-post in
terviews were conducted to assess whether the individual's WTP values 
were acceptable compared to the mean estimates from the models, as 
individual WTP values can deviate from the mean. This was done with 
in-depth interviews to explore behaviour and thinking on respondents' 
choices.

2. The evolution of valuation

The Intergovernmental Science-Policy Platform on Biodiversity and 
Ecosystem Services (IPBES)4 introduced the concept of ‘nature's 

contribution to people,’ which builds on the ES concept and the diversity 
of ES values that span intrinsic, instrumental and relational (Pascual 
et al., 2017; Dean et al., 2021). Intrinsic values are the inherent values of 
nature for itself such as genetic and species diversity (IPBES, 2013; 
Pascual et al., 2017); instrumental values are nature's services to people 
and usually have an economic value such as food, energy and climate 
regulation (Pascual et al., 2017; Abdurrahim et al., 2023); and relational 
values are the meaningful relationships between people and nature such 
as health, way of life and sense of place (Chan et al., 2018; Himes et al., 
2023).

As an economic valuation technique DCEs can inform policy makers 
on ES values by respondents who are affected by land use changes 
(Breeze et al., 2015). Additionally, integrating economic valuation with 
other valuation techniques such as biophysical (e.g. state and transition 
models and spreadsheet type methods also known as ‘matrix models’ 
that combine expert opinion in tabular format, spatial land cover data 
and other empirical data to make a matrix score of ES in case study areas 
(see Burkhard et al., 2009, 2012)), synthesising (e.g. Bayesian belief 
networks and multicriteria decision analysis) and socio-cultural (e.g. 
participatory mapping and narrative methods), have been recom
mended in the ecological economics paradigm and by IPBES for being 
more pluralistic as the combination of various techniques offer a diverse 
rather than one-dimensional valuation standpoint where time and cost 
constraints allow (Pascual et al., 2017; Jacobs et al., 2018; Costanza, 
2020).

Though Stated Preference (SP) methods have an established history 
in environmental valuation, mangrove DCE studies are limited in 
number. For example, the systematic literature review by Himes-Cornell 
et al. (2018a) identified one paper Mashayekhi et al. (2016), between 
2007 and 2016 that employed Choice Modelling. DCEs undertaken in 
T&T include Beharry-Borg and Scarpa (2010) and Alemu et al. (2019), 
but not on mangroves. Brander et al. (2012) identified four mangrove 
economic valuation studies in Trinidad from 1975 to 2004 but none used 
SP approaches. However, there are two mangrove contingent valuation 
(CV) studies in T&T, and both employ one-off volunteer payments (see 
Allen et al., 2003; Pemberton and Mader-Charles, 2005). DCEs with 
payment horizons and choice certainty are growing in the environ
mental valuation literature. However, existing approaches often use 
classical estimation (e.g. Ready et al., 2010; Lew, 2018; Ardeshiri et al., 
2019; Regier et al., 2019). In contrast, Bayesian approaches offer the 
ability to incorporate prior information and model individual-level 
preferences flexibly (Scarpa et al., 2008; Gorton et al., 2023). These 
features make Bayesian approaches particularly suited to our study 
context (as discussed in Section 2.1) and to model payment horizons and 
choice certainty. Therefore, using the case of mangroves in Tobago, our 
paper explores DCEs with these techniques and the implications on 
policy.

2.1. Hierarchical Bayes choice modelling

Our valuation study examines people's WTP to avoid the environ
mental consequences of hotel development. It does so while seeking to 
incorporate alternative payment horizons and choice uncertainty. The 
context of the study is that there have been a range of development 
initiatives over the past 50 years, some of which have received recent 
negative publicity. As such, we required a modelling framework that 
was: i) flexible in the sense of allowing for extensions of “standard” 
approaches, ii) could employ relevant prior knowledge and iii) would 
allow for diverse preferences (Ferecatu and Önçüler, 2016; Goeken 
et al., 2021; Nazneen et al., 2023; Gao et al., 2024).

The Hierarchical-Bayes (HB) modelling approach is one which meets 
all of these criteria (Gelman et al., 2013). Essentially, HB can incorpo
rate many structures while offering a “middle ground” between esti
mating the preferences for all individuals separately (Mohammadi et al., 
2020) or, alternatively, estimating the one set of preferences shared by 
everybody.

3 Socio-environmental conflicts are the disputes between social actors, over 
costs and benefits that arise from transformation or potential human induced 
transformation of nature, and is influenced by power dynamics, ethics, culture, 
knowledge and overarching principles and goals shaping society (Özkaynak 
et al., 2023).

4 IPBES is the largest intergovernmental organisation mandated with syn
thesising knowledge and improve the interface between science and policy on 
biodiversity and ES (IPBES, 2019).
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We acknowledge that the HB approach is not exclusively optimal; 
similar non-Bayesian models, such as the “Mixed Logit,” and “Latent 
Class Logit,” (Greene and Hensher, 2003) exist. Some practitioners 
favour the Latent Class approach which categorises individuals into 
discrete classes rather than the continuous distribution used in HB. 
However, whether continuous or discrete approaches to treating pref
erences should be the default is an ongoing debate (Guo and Shen, 
2022). The assumption of distinct preference clusters may not be apt in 
our context where the sample is diverse, covering a broad spectrum of 
people with varying socio-demographic backgrounds and economic 
activities (Howai, 2023; Peters et al., 2023). These include for example 
local fishers, tourism sector workers, business owners, administrative 
and professionals representing both coastal residents near the study site 
and residents located further inland. Therefore, rather than forming 
several homogenous groups preferences are likely to vary continuously 
across the diverse population.

Our preference for employing the Hierarchical Bayesian Logit is 
rooted in its practical versatility and that it allows the integration of 
prior information into the estimation process. With regard to the latter, 
this integration can be pivotal when reliable prior information is 
available. In the context of DCEs, most are rich with prior information, 
derived from their design process that involves selections of specific 
attributes and their levels, encompassing both monetary and non- 
monetary factors. These design choices are influenced by existing 
knowledge, that is not only useful in design but also in estimation (e.g. 
Gelo and Turpie, 2021). In our study the pre-DCE design interviews used 
a payment range of 10 to 50 TTD, but participants suggested they would 
have broad willingness-to-pay at various levels up to 100 TTD, which 
was used to set the payment levels of the experiment. That the hotel 
development proposal evaluated had been the subject of negative pub
licity was also relevant in influencing respondents' WTP.

Previous studies have recorded the impact of negative publicity on 
WTP findings such as in contingent valuation where consumers are 
willing to pay higher premiums to avoid the baseline of products 
deemed harmful to health (e.g. Donovan and Hesseln, 2004); and in 
discrete choice studies on environmental beliefs leading to negative 
preferences for economic development and large WTPs to reduce 
negative environmental effects (e.g. Aanesen et al., 2023). There is also 
reason to believe that there is high public aversion to future hotel 
building in our study site based on the pre-DCE interviews. While these 
might on one hand increase real WTPs, they might also induce protest 
responses whereby payment levels are ignored within a hypothetical 
context or induce other hypothetical sources of bias (Staples et al., 2020; 
Penn and Hu, 2021). This in turn might further inflate estimates to be 
larger than what people can plausibly pay. Our HB approach (outlined in 
Section 3.3) enables a parameterisation that can be informative in 
relation to the total amount that people are willing to pay by incorpo
rating a total WTP prior parameter, denoted as ‘ω’ in the model esti
mation but is non-informative (i.e. objective) regarding the distribution 
of mean estimates across specific attributes in the DCE. In other words ω 
constrains total WTP and we do not impose assumptions on which at
tributes respondents are prepared to pay for.

While the HB approach is highly versatile and facilitate model ex
tensions, it is not our claim that HB techniques are essential for inte
grating payment horizons and/or investigating uncertainty. In theory, 
any “classical” estimation platform that offers sufficient user flexibility 
could allow the user to define a model consistent with ours (though not 
have the ability to incorporate priors). However, this does not negate the 
usefulness of the HB approach because Bayesian platforms typically 
necessitate the specification of all components explicitly in the model
ling process (in a way not commonly demanded by classical statistical 
software). While this requirement may complicate the estimation pro
cess, it simultaneously grants the user substantial flexibility to define 
custom structures and distributions. The non-standard model discussed 
in Section 3.3, incorporates elements like time and uncertainty. The 
mathematical structure aligns closely with the required coding.

2.2. Payment horizons, choice uncertainty and ex-post interviews

2.2.1. Payment horizons
Time horizons in DCEs have explored choice temporal (in)sensitivity 

and choice temporal stability or consistency. Temporal (in)sensitivity 
and temporal stability differ where the latter is concerned with an 
identical DCE implemented in two or more different time periods at a 
research area (e.g. Bliem et al., 2012; Price et al., 2017; Williams, 2022). 
We apply the temporal (in)sensitivity approach, this is the variation in 
acquiring environmental goods over payment and/or benefit horizons. 
Payment horizons refer to different lengths of payment periods such as 
one-off, five years and 25 year annual payments (e.g. Lew, 2018; 
Ardeshiri et al., 2019; Howard et al., 2021). Benefit horizons refer to the 
commencement of environmental goods such as immediately, in two 
years' and four years' time from now (e.g. Viscusi et al., 2008; Meyer, 
2013b; Meyer, 2013a) up to the maximum duration that the benefits 
would be received (Marre et al., 2015).

We focus on investigating payment horizons in economic valuation 
and this approach has benefits. First, public policy usually involves an 
intertemporal dimension as benefits and costs change over time, and 
understanding public preferences over payment horizons can assist 
policy makers through the provision of more thorough valuation of 
different policy alternatives (Howard et al., 2021). Second, various 
segments of a target population such as by those in support and not in 
support of paying levies for conservation may exhibit preference het
erogeneity in WTP results that can be explored over time horizons (e.g. 
Ardeshiri et al., 2019). Finally, measuring intertemporal preferences and 
values through discounting of future benefits and costs is an important 
application (Lew, 2018; West et al., 2020). Discounting suggests that 
generally the value of goods and services are worth more today than 
receiving them at a future time period and though not applied in our 
study, the analyst can compare costs and benefits of potential conser
vation programmes across different time horizons (Guerriero and 
Pacelli, 2019).

Through the investigation of two payment horizons our first expec
tation is that respondents' WTP for mangrove ES over 25-years will be 
less likely to drastically decrease from the WTP for mangrove ES over 5- 
years. Alternatively, WTP for mangrove ES over 5-years will be less 
likely to drastically increase over the 25-years. Previous studies suggest 
that the WTP of individuals that support environmental conservation are 
less likely to be influenced by the duration of payment horizons (see 
Ardeshiri et al., 2019), and motived by existence and bequest values 
(Marre et al., 2015) as compared to those not in support of environ
mental conservation. In our study based on the literature and pre-DCE 
interviews which highlighted historical and ongoing land-use chal
lenges centred around mangrove fragmentation, loss and proposed 
future uses of Tobago's mangrove for ecotourism and sustainable 
development (Howai, 2023) we speculate that these factors may 
encourage preferences towards environmental conservation and was 
demonstrated in the attitudinal questions to mangrove conservation in 
Appendix C.

2.2.2. Choice uncertainty
There is evidence in DCEs that respondents exhibit a degree of un

certainty about their choices (Fraser et al., 2021). Consequently, this 
may bring about a differential “noise” in choice responses that reflect 
their level of uncertainty (Balcombe and Fraser, 2011). Factors such as 
choice task complexity, attention, design and respondent socio- 
demographic characteristics influences choices and affect true prefer
ences. Investigating choice uncertainty has generally taken two forms 
(Mattmann et al., 2019). First, stated measures of choice uncertainty are 
useful in controlling for differential noise which is the random error 
variation in respondents' choices (e.g. Lundhede et al., 2009; Ready 
et al., 2010). Second, focusing on factors that influence choice uncer
tainty such as socio-demographic and other personal characteristics that 
can help explain differences in respondents' choices in test-retest DCEs 
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where the same sample is surveyed repeatedly over a time period (e.g. 
Rigby et al., 2016; Brouwer et al., 2017).

Studies have found that an advantage of self-reported choice un
certainty is the mitigation of hypothetical bias or the difference between 
stated WTP and true WTP to reduce the exaggerated public WTP (Ready 
et al., 2010; Zheng et al., 2022). Exaggerated public WTP occurs where 
respondents overstate WTP in a hypothetical scenario thus inflating the 
WTP for the population. However, the respondents may spend less if it 
were a non-hypothetical payment scenario. True WTP is unknown but 
certainty levels using a response certainty rating or scale are calibrated 
in models to bring the stated WTP closer to the true WTP (Ku and Wu, 
2018). Respondent stated choice certainty has been observed to measure 
the respondents' confidence in selected choice task alternatives (e.g. 
Pelletier et al., 2022) which is useful in our study. We further incorpo
rate choice certainty in the analysis for the merged choice model to 
derive mean estimates, determine the level of agreement in choice cer
tainty across the two payment horizons and investigate the effect of 
design characteristics on choice certainty using a random effects model.

Our study proposes the expectation that people are likely to be 
confident in their choices regardless of shorter or longer-term payment 
horizons therefore exhibiting greater choice certainty. We speculate that 
the higher levels of choice certainty to avoid mangrove removal and loss 
of ES are potentially due to assertions of environmental degradation 
where development on the mangroves occur. Studies have explored the 
influence of negative publicity on WTP (e.g. Donovan and Hesseln, 
2004; Aanesen et al., 2023) and attitudes towards environmental goods 
and services (e.g. Homar and Cvelbar, 2024). However, these studies 
have not explored the certainty among respondents for forgoing eco
nomic development initiatives for environmental conservation. The in
clusion of a choice certainty measure may improve model fit but in 
instances of negative publicity to economic development, WTP values 
may not vary significantly in cases of greater choice certainty.

2.2.3. Ex-post interviews
Ex-post interviews as used in our study refer to a “follow-up” inter

view done after completion of the DCE and at a different time. This can 
be done after a project's completion for evaluation purposes and to 
devise future strategies. However, DCEs can include ex-ante and ex-post 
techniques or “before” and “after” choice tasks that are presented in the 
same survey (Colombo et al., 2022). Ex-ante techniques are for instance 
Cheap Talk Scripts to mitigate hypothetical bias (e.g. Carlsson et al., 
2005). Ex-post techniques have been used to implement debriefing 
choice certainty questions after choice tasks (Mamkhezri et al., 2020). 
Another approach involves asking respondents to state their maximum 
WTP for goods and services after choice tasks to check for choice in
consistencies (e.g. Colombo et al., 2016). Other ex-post approaches that 
do not use debriefing questions such as estimating annual discount rates 
(e.g. Howard et al., 2021) and combining revealed preference data if 
available with stated preference data (e.g. Brooks and Lusk, 2010) are 
alternatives.

We use a short choice task questionnaire and semi-structured inter
view questions in our follow-up interviews as qualitative research has 
generally been found to add value to DCEs (Vass et al., 2017). In the 
environmental SP literature ex-post interviews have been used with 
either focus group discussions or in-depth interviews to consolidate the 
SP methods. Focus groups and public deliberation for environmental 
decision making were used in CV studies (e.g. Brouwer et al., 1999; 
Clark et al., 2000) and DCE studies (e.g. Powe et al., 2005). More 
recently, follow-up in-depth interviews were used post-DCE (e.g. 
Rakotonarivo et al., 2017; Bjørnåvold et al., 2022; Gorton et al., 2023). 
Other mixed-method approaches include supplementing a previous DCE 
by interviewing geo-referenced households (e.g. Yao et al., 2019) and 
using a rating and ranking game to examine the ES included in the DCE 
(e.g. Oleson et al., 2015).

3. Methods

3.1. Mangrove research site

Trinidad and Tobago are the southern-most islands in the Caribbean 
with a population of approximately 1.3 million of which 60,000 live in 
Tobago (CSO, 2022). There are 11 mangrove sites (Fig. 1) in Tobago 
mainly in the island's southwest (SW). These mangrove sites have 
experienced hydrological alteration and pollution (Juman and Ramse
wak, 2013), and there is still no explicit mangrove management plan for 
the island (IMA, 1995; Juman and Hassanali, 2013). The Bon Accord 
Lagoon (approximately 0.91 km2) and Buccoo Bay (approximately 
0.42 km2) mangrove research site is located in SW Tobago and encom
passes approximately 60 % of the island's mangroves, (Fig. 1) (Juman 
and Hassanali, 2013; Juman and Ramsewak, 2013). The Buccoo Reef 
and Bon Accord Lagoon are jointly classified as a wetland of interna
tional importance under the RAMSAR convention, an intergovernmental 
treaty for national action and cooperation with international partners on 
the wise use of key wetlands (RAMSAR, 2005). Back in 1995, the 
Institute of Marine Affairs (IMA) of T&T proposed a Buccoo Area Man
agement Plan for the reef, seagrass and mangrove, and recommenda
tions were made, but they were not implemented (IMA, 1995; Juman 
and Hassanali, 2013).

3.2. Survey design and implementation

The DCE has as its status quo (SQ), equivalent to an “opt out” option, 
the construction of a large-scale hotel development at Bon Accord five to 
ten years in the future which will result in some loss of mangroves and 
their associated ES, but an increase in tourism revenue for the island. 
The DCE preamble (Appendix A) is motivated by the cancelled hotel 
plans in 2019 (LoopTT, 2018; Doodnath, 2019), key informant and 
resident interviews. The DCE preamble in our study refers to the infor
mation provided to respondents before attempting the choice tasks. This 
was done to prepare respondents to answer the questionnaire and in
cludes an explanation of the study scenario background, mangrove 
conservation programme and ES being valued. Respondents felt that the 
DCE preamble was credible because resort development and Tobago's 
interest as a tourist destination is still viable by developers and the 
government (Doodnath, 2019; VisitTobago, 2022).

Table 1 shows the attributes and associated attribute-levels based on 
the DCE preamble. The baseline information in the SQ with the future 
hotel scenario and the no hotel baseline for the attributes were informed 
by the literature, key informant and resident interviews and the pilot 
survey for feasibility and realism. Without the preamble scenario, fish
eries sector catch is 2500 tonnes per annum (Mohammed and Lindop, 
2015); coastal erosion at the research site is moderate (McCue, 2014); 
there are four flash floods per year on average in the research area 
confirmed from stakeholder interviews; the number of birds, fish and 
relevant species are approximately 150 (Juman, 2004; Juman and 
Hassanali, 2013; LoopTT, 2018); Tourism sector earnings from new 
hotel development (through taxes and revenue from the hotel) on the 
research site are none without a new hotel; and annual resident costs 
were discussed in the resident interviews/focus group. The last two at
tributes include cost elements but only one payment vehicle attribute 
(cost) to the respondent - the annual tax respondents pay. The tourism 
revenue from the hotel represents money coming into the island (not 
direct costs to the individual respondent like the annual tax). However, 
it means the respondent has to trade-off not only natural ES. But this 
tourism revenue represents the recreation, tourism opportunities and 
perhaps other development/jobs that may be forgone for less expansive 
hotel development.

DCEs require a structured survey development approach involving 
systematic steps (Mariel et al., 2021). Our experiment design underwent 
various stages, first the literature identified potential mangrove ES 
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attributes, which were discussed with subject matter experts, key in
formants and residents to contextualise the scenario and refine the at
tributes (see Howai, 2023) and levels. The pre-DCE qualitative research 
involved 36 in-depth interviews and two focus groups, which were 
cleaned, transcribed and analysed with NVivo version 12 to explore 
current and future mangrove ES uses on the island (Howai, 2023). For 
example, forestry and fisheries products, recreation, scientific research, 
coastal protection, aesthetics, biodiversity and habitat were among the 
recognised mangrove ES (Howai, 2023). Second, 48 choice tasks were 
created using an efficiency design (D-Optimal) that minimises the D- 
error to create reasonable choice tasks when classical (full factorial and 
fractional-factorial) designs are infeasible (Scarpa and Rose, 2008; 
Vermeulen et al., 2011) because they yield too many attribute-level 
combinations that undermine the practicality of the questionnaire 
(Mangham et al., 2009; Harkness and Areal, 2018). The D-Optimal 
design was generated using priors such as 0.1 that indicated small but 
positive WTPs for the attributes in the experiment (when moving to
wards what is expected to be a more desirable attribute level). The final 
D-error is 0.0178, and an example of a final choice task is in Table 2.

Third, with the 48 choice tasks a questionnaire was designed starting 

with a preamble describing the DCE scenario (see Appendix A). The 
attributes with associated levels (Supplementary Sheet S1) were refined 
and finalised after in-depth interviews and focus groups with stake
holders (e.g. fishers, boat tour operators, environmental NGOs and 
Tobago House of Assembly (THA) members). This was followed by 12 
choice tasks per respondent (respondents see six choice cards, repeated 

Fig. 1. Location of Bon Accord and Buccoo mangrove, Tobago (IMA, 2016; OSM, 2023).

Table 1 
Mangrove Discrete Choice Attributes and Levels.

Attribute Alternative levels

Fisheries sectors catch per year 15 % ↑, 30 % ↑, 45 % ↑, 2000 
tonnes

Rate of coastal erosion Low rate, Moderate, High rate
Flash flood frequency per year on average 5 floods, 3 floods, 7 floods
Number of species (birds, fish, crab and other 

relevant species)
15 % ↑, 30 % ↑, 45 % ↑, 130 species

Mangrove cover (removed for tourism 
development)

10 % removed, 20 % removed, 40 
% removed, 60 % removed

Tourism sector earnings from development on 
the mangroves (tax and other revenues 
coming from the hotel)

10 % ↓, 20 % ↓, 30 % ↓, 
80,000,000 USD

Respondent cost or WTP per year for 5-year or 
25-year mangrove conservation programme

30 TTD, 60 TTD, 90 TTD, 120 
TTD, 150 TTD, 0 TTD

Note: Conversion 6.77 Trinidad and Tobago dollars (TTD): 1 USD; arrows 
indicate direction of percentage change; status quo level italicised.

Table 2 
Example Choice Task.

Attribute SQ Option A Option B

Fisheries caught per year 2000 tonnes 
per year

30 % ↑ 45 %↑

Rate of coastal erosion High Low Moderate

Frequency of flash flooding 
on average per year

7 floods per 
year

No change from 
SQ - 7 floods per 

year

3 floods per 
year

Number of species (birds, 
fish, crab and other 

relevant)

130 species 30 % ↑ 15 % ↑

Mangrove removed for 
tourism/coastal 

development

60 % of 
mangrove 
removed

10 % of 
mangrove 
removed

40 % of 
mangrove 
removed

Tourism sector earnings 
from development on the 
mangrove per year (tax 

and revenue)

80 million 
USD per year

No change from 
SQ – 80 million 
USD per year

30 % ↓

Annual tax contribution by 
you per year for a 5 year 

programme

$0TT $150TT per year 
(750TT total for 

5 years)

$30TT per 
year 

(150TT total 
for 5 years)

Please select one [✓]

For the above choice, 
how sure are you about 
the choice made (please 

select one [✓])?

Certain [] Uncertain [] 
Reasonably certain [] Somewhat uncertain []
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twice with one change i.e. the payment horizon – one block of six tasks 
with 5 years and the same block with 25 years as the payment horizon). 
We chose a within-sample design to observe how the same respondents' 
choices may change in a differing payment horizon. We opted for pay
ment horizons rather than a time horizon attribute to compare WTP 
using the same six choice tasks which would not have been possible with 
using time horizon as an attribute itself. It should be noted that using a 
within-sample approach the correlation in the two groups of six choice 
tasks are ignored due to the correlation across the choices from the same 
respondent.

The 48 choice tasks from the D-Optimal design were broken into 
eight blocks of six tasks. For approximately half of the responses, the 25- 
year payment horizon questions were presented as the first six tasks to 
balance the order of which payment horizon appears first. It was stated 
in bold text on the questionnaire and verbally as well (in person) before 
starting the choice tasks whether the six tasks were the 5 year treatment 
or the 25 year treatment. After the 12 choice tasks there were de-briefing 
and socio-demographic questions (Supplementary Sheet S2). Budget 
reminders were given in the full DCE implementation to get respondents 
to think of the 5- and 25-year annual tax as an actual payment.

On completion of the dichotomous choice ex-post questions (see 
Appendix E for its description) the interviewee answered semi- 
structured interview questions to explore attitudes and motivations on 
choices classified into themes (based on the interview questions) of the 
SQ, cost attribute (resident tax), payment horizons, choice certainty, 
current and future mangrove uses (Supplementary Sheet S3). The in
terviews were transcribed, and no qualitative coding software was used. 
However, key points raised by multiple interviewees are in a narrative 
form with quotes from the ten interviewees for and against the respec
tive themes from the interview questions (Appendix E).

All interviews and surveys were conducted in English as the official 
language of T&T, and the pre-DCE in-depth interviews and focus groups 
on the island were done January to February 2020, prior to the pilot DCE 
with 20 respondents in March 2020. The full DCE implementation took 
place from April to September 2020 and data collection was carried out 
by the first author. The DCE data collection took a hybrid approach with 
online and face-to-face surveys due to the impacts of COVID-19. Of the n 
= 292 total usable respondents, 13 % were from the online question
naires. Respondents were adult residents with key decision-making re
sponsibility in the household. The online questions were made on 
Qualtrics and designed to mirror exactly the face-to-face questionnaire. 
Convenience sampling was used for the face-to-face DCE, following a 
similar approach to the other DCEs conducted on the island (e.g. 
Beharry-Borg and Scarpa, 2010; Alemu et al., 2019). Surveys were done 
door-to-door at homes in Buccoo and Bon Accord/Canaan. Additionally, 
surveys were administered at food outlets, retail shops, shopping malls 
and business offices in southwest, Tobago. To corroborate the Hierar
chical Bayesian Logit model results, ten ex-post interviews were un
dertaken from June to August 2021 with individuals that we had contact 
information for and were willing to be interviewed after their original 
DCE.

3.3. Analytical framework

Choice Models are based on the originally tested theory of choice 
behaviour that Thurstone (1927) proposed and Lancaster's (1966) con
sumer theory which suggests a product will have multiple components 
creating a bundle of characteristics that derive utility and is now 
underpinned by Random Utility Theory (RUT) (McFadden, 2001). The 
initial Random Utility Model (RUM) is as follows: 

Ukjt = Vj
(
xkjt

)
+ ekjt (1) 

Where, Ukjt is the utility that person j gets from xkjt. The assumption is 
that individual j receives a linear utility from the kth choice in the tth 

choice task and ekjt is Gumbel distributed.

Our model is estimated in WTP space, to reduce instability with es
timates from preference space (Train and Weeks, 2005; Scarpa et al., 
2008; Balcombe et al., 2010; Balcombe et al., 2022). Additionally, the 
model is interpreted directly from the estimates as WTPs in TTD. In a 
Bayesian perspective being even weakly informative on the priors in 
WTP space is more feasible and easier to undertake (Balcombe et al., 
2022). The systematic utility we employ is: 

Uj(p, x, q) = exp
(
αj
)
Vj(p, x, q)+ e (2) 

Vj(p, x, q) = − p+
∑

βk,jxk + θjq (3) 

Where (note that the quantities below will vary across options and 
choice tasks, but we avoid these subscripts for simplicity), p is price 
(tax), xk is the level of the kth attribute, q is 1 if SQ and 0 otherwise and e 
is a Gumbel distribution. This parameterisation in WTP space whereby 
the parameters βkj and θj are the WTP for the jth person for the kth 

attribute and SQ.
The setup utilised in 2) and 3) follows a convention. The standard 

hierarchical approach is to specify distributional forms for the individ
ual WTPs that are a-priori normally distributed. We also follow this 
approach. However, we deviate from the standard practice for hierar
chical models of assigning explicit prior distributions to the mean WTPs. 
Instead, the mean WTPs are implicitly derived as components of a total 
mean WTP to which we assign an explicit prior distribution. Using this 
approach, the mean WTPs still have posterior distributions that can be 
calculated, and the individual WTPs can be defined hierarchically based 
on these means. The motivation behind our approach is that we believe 
we have a reasonable idea as to plausible range of total WTPs. but are 
less secure about each of the values of the attributes that contribute to 
that total.

To implement this approach, we posit that there is a parameter ω 
which is the total mean WTP for all attributes. Then each of the mean 
WTPs for each attribute is some proportion of this total, see 4) and 5). An 
informative prior is assigned to ω but then the proportions are set non- 
informatively. The model in eqs. 2 and 3 are parameterised as such that 
the scale variable exp

(
αj) is log normally distributed and the 

willingness-to-pays βk,j and θj for the attributes and the SQ respectively 
are assumed to be normally distributed as follows: 

αj ∼ N(ασα)

βk,j ∼ N
(

βkσβ,k
)

and θj ∼ N(θσθ)
(4) 

The setup in 4) is as would be found in a standard hierarchical model. 
However, instead of assigning explicit priors to the mean WTPs, these 
are calculated by introducing the parameters b1,….bk that will be used 
to form a simplex along with a parameter ω that represents the total 
willingness-to-pay. More specifically these are defined as: 

βk =
bk

∑
bk + 1

ω

θ =
− 1

∑
bk + 1

ω
(5) 

A default prior is defined for this simplex such that any simplex is 
equally likely from a prior point of view. For a given scale of the attri
bute levels, ω will represent the mean parameter estimated over a 
bounded region with an upper bound. Importantly, 5) implies that: 

ω =
∑

k
βk − θ (6) 

For empirical implementation, the prior mean WTP for all parameter 
is 100 TTD with a maximum of 450 TTD (three times the highest tax 
offered in the experiment). The total WTP upper bound of 450 TTD is 
higher than the average annual residential water utility rate set by the 
Regulated Industries Commission of Trinidad and Tobago at approxi
mately 360 TTD per annum in 2019 for 180 cubic metres of water (15 
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cubic metres per month) (Ramdass, 2023). The water utility rate is a 
good proxy for setting the total WTP upper bound as it was also 
mentioned in the ex-post interviews by three respondents as a good 
reference point for setting the tax to residents. Readers are reminded 
also that this is for the mean, there is additional heterogeneity in indi
vidual responses and therefore the total WTP for some individuals might 
considerably exceed this upper bound and diverge from the overall 
mean. This structure of 2) and 3) can also be easily modified to allow for 
the WTPs to depend on the characteristics of individuals, to allow for the 
“noise” (embodied in the parameter αj) to be dependent on the certainty 
score provided by respondents about their choices, see 7).

The extended model: Uncertainty.
Here the certainty score s = 1, 2,3, 4 where 1 indicates certain; 2, 

reasonably certain; 3 somewhat uncertain and 4 uncertain. Eqs. 2) and 
3) remain ostensibly the same except for the modification of the scale 
parameter below: 

Uj(p, x, q, s) =
(

1 − ρ s
4

)
exp

(
αj
)
Vj (p, x, q) + e

Vj(p, x, z) = − p +
∑

βk,jxk + θjq
ρ ∼ N(01) Tr[01]

(7) 

4. Results

We present the DCE results in this section. The method of estimation 
and checks on convergence are discussed in Appendix B. The re
spondents' attitudes to mangroves and economic development in 
Appendices, Table C.1. The descriptive statistics of sample composition 
in Appendices, Table C.2. Finally, the mean WTP plots are in Appen
dices, Fig. C.1. The model was run with different priors but is largely 
invariant to results other than the upper bound for the total WTP. The 
upper bound used was made based on findings in pre-DCE interviews 
with residents (explained in Section 2.1) and ex-post interviews 
(explained in Section 3.3).

4.1. Choice models: Payment horizons and individual characteristics

Table 3 presents key results in the WTP Space for the 5 and 25-year 
payment horizons, and the “merged” models.5 WTP results are presented 
for the attributes' maximum percentage and level changes (Table 3), and 
1 % and one level changes can be found in Appendix Table C.3. This 
format of reporting was used because the variables allows us to show the 
WTP results for the most improved levels offered. The variables are 
treated in continuous form including the ordinal erosion variable 
because when estimated in discrete form the WTP to mitigate moderate 
erosion was only slightly lower than for high erosion. To reiterate the 
Bayesian modelling approach used has a prior mean WTP for the total of 
all parameters set in a range of 100 TTD up to a maximum of 450 TTD 
but individual response heterogeneity indicates that some respondents 
may exceed this upper limit and diverge from the overall mean as 
observed by the lower and upper credible interval (CI) ranges.

The reported maximum percentage and level changes in Table 3 are 
found by subtracting the SQ level from the respective attribute's highest 
level value. For example, in the fisheries and species attributes per
centage level changes moves from a baseline (SQ or 0 % change) to 45 % 
(most improved level offered) and the reporting shows the 45 % in
crease. While for the mangroves attribute 60 % removal (SQ) to 10 % 
mangrove removal (most improved level offered), giving a difference of 
50 % across the attribute's parameter range. A final example, flash flood 
frequency moves from seven floods (SQ) to three floods (most improved 
level offered), and we have a difference of four floods.

The standard deviations are considerably smaller than the mean 

value estimates for the models, in a loose sense the Bayesian results 
correspond to the classical interpretation of means that are “significantly 
different from zero.” The CI ranges across the four models do not include 
0 TTD within the lower and upper bound, supporting the assertion of 
reliability in the resulting mean WTPs. The Watanabe-Akaike Informa
tion Criterion (WAIC) (Vehtari et al., 2017) results supports merging the 
5-and 25-year models. A positive difference in WAICs suggests that the 
next model is favoured over the previous model and all comparisons 
yield a positive value.6 In terms of the attribute specific results there are 
minimal differences between the mean WTP in annual tax across the 
models. The SQ aversion (the attribute specific constant) is the highest 
across all estimated models signifying a strong WTP to avoid the SQ.

The highest mean WTP for an attribute is to avoid a 50 % decrease in 
mangrove cover across all estimated models (101.77 to 110.10 TTD). 
The second highest is a shift from high erosion to low erosion (29.50 to 
34.37 TTD), and the third is to avoid a decrease in tourism revenue 
(28.38 to 30.17 TTD). The disparity in mean WTPs between avoidance of 
mangrove loss and the other attributes is high. All attributes were 
consistently valued across the four models regardless of the payment 
horizon and choice certainty measure. There is a small decline in mean 
WTP from the 5 to 25-year payment horizons for the attributes flood 
frequency (2.24 TTD), number of species (1.22 TTD), mangrove cover 
(2.16 TTD) and tourism revenue (0.04 TTD). There is a small increase for 
fisheries catch (0.15 TTD) and the greatest increase for erosion control 
from the 5 to 25-years (4.87 TTD). Finally, in the extended model, the 
certainty score presents minimal change to the mean WTP distribution 
across the attributes. The WAIC results also show that allowing for in
dividual characteristics provides a better model than without it.

We examine the ordering effect of the payment horizons as the tasks 
are identical except for the duration of payment. The results show that 
there are some differences between the mean WTPs of the first and last 
six choice tasks for the two payment horizons (see Table 4) but for most 
attributes the changes are unsubstantial. The greatest differences for the 
attributes are avoidance of a 50 % decrease in mangrove cover for the 
25-year horizon from the first to last six tasks by 18.41 TTD. Followed by 
the coastal erosion for the 25-year horizon shown as the first six tasks as 
compared to when it is shown in the last six tasks at 6.49 TTD. The other 
attributes' changes are roughly between 0.15 and 4.50 TTD.

We also investigated the proportion of agreements over the six 
choice tasks across payment horizons and found that approximately 30 
%, 27 % and 19 % of respondents had five, four and all six of the six 
choice tasks in agreement over the two time horizons respectively (see 
Fig. 2). This suggest that 76 % of respondents exhibited choice consis
tency in over half of the twelve choice tasks they answered.

Respondents are more likely to be ‘certain’ 45.92 % (1609 responses) 
and ‘reasonably certain’ 41.84 % (1466 responses) than ‘somewhat 
uncertain’ 8.08 % (283 responses) and ‘uncertain’ 4.17 % (146 re
sponses) about their choices, perhaps reducing the entropy in responses 
and providing WTP values closer to the true WTP. Fig. 3 depicts the 
numbers of agreements on choice certainty responses where one rep
resents ‘certain’ to four ‘uncertain.’ The majority were either ‘certain’ 
(588 responses) and ‘reasonably certain’ (480 responses) in all choice 
tasks across the two payment horizons.

In exploring the relationship in our design characteristics and choice 
certainty we do a random effects model (see Table 5) in python stats
models with equations in Appendix D2. The dependent variable is the 
choice certainty categorised from one to four, the independent variables 
are the payment horizon (dummy variable, 1 if 25 year) and order is the 
sequence in which the choice tasks appear. It can be inferred there are 
very small but non-the less significant positive effects for payment 

5 The merged models treat the responses from respondents as emanating 
from the same preferences (WTPs) irrespective of the payment horizon.

6 The WAIC is additive across all observations of the dependent variable. 
Therefore the sum of the WAIC from two models explaining a different sub
section of data can be compared with the WAIC from one model explaining all 
the data.
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Table 3 
Five, Twenty-Five, Merged and Extended Choice Model Results.

5 years 25 years 5 and 25 years - merged 5 and 25 years – choice certainty

WTP in annual tax Mean Lower 
10 % 
CI

Upper 
90 % 
CI

Mean Lower 
10 % 
CI

Upper 
90 % 
CI

Mean Lower 
10 % 
CI

Upper 
90 % 
CI

Mean Lower 
10 % 
CI

Upper 
90 % 
CI

45 % inc in Fish $21.572 
(2.781)

18.126 25.309 $21.720 
(2.743)

18.398 25.291 $19.043 
(2.268)

16.236 21.999 $19.036 
(2.233)

16.290 21.980

high to low erosion $29.495 
(3.971)

24.489 34.780 $34.371 
(4.690)

28.351 40.504 $33.330 
(3.993)

28.218 38.581 $32.786 
(3.894)

27.932 37.914

Avoid 4 floods $29.123 
(3.918)

24.143 34.179 $26.880 
(3.596)

22.354 31.593 $28.622 
(3.954)

23.670 33.905 $29.029 
(3.821)

24.290 33.976

45 % inc 
in species

$26.365 
(3.640)

21.817 31.247 $25.146 
(3.357)

21.060 29.529 $24.064 
(3.217)

20.085 28.261 $24.117 
(3.137)

20.127 28.284

Avoid 50 % dec in Mangrove $110.101 
(6.408)

101.879 118.249 $107.941 
(6.234)

99.909 115.988 $101.923 
(7.585)

92.160 111.259 $101.770 
(7.562)

91.841 111.149

Avoid 30 % dec in tourism $28.415 
(3.666)

23.727 33.196 $28.382 
(3.568)

23.892 33.083 $30.060 
(3.638)

25.424 34.809 $30.177 
(3.531)

25.711 34.714

Avoid the SQ $203.625 
(24.755)

$204.154 
(25.218)

$212.074 
(34.889)

$212.213 
(32.187)

WAIC 2544.826 2485.775 4654.606 4639.313
Diff_WAIC 59.051 375.995 15.293
Se_WAIC 48.602 49.258 21.071* 6.161*

Standard deviation in parenthesis; Credible intervals (CI) at the 90 % level; inc is increase; dec is decrease; Mean, CI and standard deviation values expressed in TTD; 
The Watanabe-Akaike Information Criterion (WAIC); difference in WAIC (diff_WAIC); Standard error WAIC (Se_WAIC).

* denotes the standard error difference WAIC.

Table 4 
Ordering effects in the choice tasks across payment horizons.

Mean WTP in annual tax 5 years – 
First six 
tasks

5 years – 
Last six 
tasks

25 years – 
First six 
tasks

25 years – 
Last six 
tasks

45 % inc in fish 
Catch

25.989 26.155 23.547 27.992
(3.521) (3.740) (3.146) (4.195)

High to low erosion 31.064 34.659 40.028 33.543
(4.817) (5.083) (5.626) (5.024)

Avoid 4 floods 31.888 31.414 30.378 29.812
(4.653) (4.511) (4.299) (4.344)

45 % inc in species 28.445 31.975 29.588 29.035
(4.228) (4.724) (4.297) (4.072)

Avoid 50 % dec in 
mangroves

97.292 100.974 106.344 87.932
(8.063) (7.931) (7.238) (7.736)

Avoid 30 % dec in 
tourism revenue

30.444 31.306 30.132 31.810
(4.393) (4.303) (4.234) (4.441)

Avoid the status quo 202.772 191.150 187.407 207.692
(26.509) (28.829) (29.772) (27.181)

Note: All values in TTD; standard deviations in parenthesis; inc is increase; dec is 
decrease.

Fig. 2. Proportion of agreements over the six common tasks, across time horizons.

Fig. 3. Agreements on choice certainty over payment horizons.
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horizon and order sequence on choice certainty.

4.2. Ex-post interview findings

Further insight is provided by the ex-post in-depth interviews to 
investigate respondents' thinking and motivation for their preferences in 
the DCE. The topics were SQ aversion, cost (respondent tax payment), 
time horizons, choice certainty and mangrove uses (see Table E.2 in 
Appendices for interviewee quotes). To summarise the ex-post interview 
findings we begin with the high SQ aversion. It was observed that there 
is a desire to avoid ES losses and the perception of the trade-off between 
mangrove conservation and tourism revenue gains supports the avoid
ance of mangrove losses. Second, interviewees considered the inter- 
generational and island wide benefits of their tax payments, though 
preferring the tax to be within household budget and be reasonable and 
affordable. Third, though DCE results were similar across payment ho
rizons, ex-post interviews were mixed on the concept of payment hori
zon duration. Four individuals prefer the 5-year payment horizon to 
observe if the tax they pay for mangrove conservation is useful as cir
cumstances may change and the total cost is high when added over 25 
years. While six prefer the 25-year horizon to ensure longer lasting 
benefits. Additionally, the outcome of the mangrove conservation and 
management programme is desirable regardless of the length of pay
ment horizon and that payments once per year are reasonable.

Fourth, certainty levels are high (six certain and four reasonably 
certain), suggesting that individuals are confident in choices made based 
on their own knowledge and information in the DCE preamble, and tend 
to favour the alternatives to the SQ. However, it is also highlighted that 
one cannot perfectly discern preferences with complete certainty from 
the choice task options as there are unknowns such as what may occur in 
real life over the payment horizon that can influence choices. Fifth, all 
interviewees felt that mangroves at the research site and across the is
land such as in Petit Trou, Lambeau and Kilgwyn should be protected 
and used for eco-tourism, educational tours and scientific research. 
Finally, there is a general belief that economic development provides 
betterment to society once certain criteria are met, such as minimal 
impact on the mangroves island wide, and getting more stakeholders 
and impartial specialists (e.g. scientists and engineers) involved in the 
decision-making and development. However, interviewees noted this is 
challenging to achieve in the Bon Accord/Buccoo area due to the coastal 
squeeze, and mangrove removal may be hard to counter once hotel and 
other infrastructural developments commence.

5. Discussion and policy implications

Our paper was motivated by a relatively simple but important policy 
and development-oriented question: would Tobago's residents prefer 
more economic development at the expense of their mangroves, or less 
development but more mangrove preservation. And more specifically, 
how much, if anything, would the islanders be willing to pay to increase 

the ES provided by mangroves. But in posing this question, we also 
tackled some important methodological questions with respect to DCEs: 
do payment horizons matter, and if not why; why respondents exhibit a 
high degree of choice certainty; and to what extent are ex-post surveys a 
useful tool.

First, our findings provide clear evidence that residents of Tobago 
highly value mangroves, along with some of the ecosystem services 
mangroves provide, over economic development irrespective of the 
payment horizon used. Similar to Ardeshiri et al. (2019), they used time 
horizons as an attribute and found each survey segment had some WTP 
for a 50 year payment horizon, suggesting respondents held some 
bequest values (for future generations). Marre et al. (2015), found re
spondents value non-use values even up to 100 years and may view the 
non-use benefits as timeless. While Lew (2018), used three distinct 
payment treatments ‘one-off,’ ‘5-years’ and ‘25-years' and found re
spondents discount future payments at high levels and there were no 
statistically significant differences across models.

Second, the results suggests the potential trade-offs for increased 
mangrove ES conservation, especially the non-use values such as 
bequest and existence values (Dixon and Pagiola, 1998) of mangrove 
cover itself and indirect use values such as coastal erosion protection are 
preferred by the residents over new hotel development that potentially 
brings with it increased revenue and tax earnings for the island. This 
preference is also observed in the locals' attitudes towards supporting 
mangrove conservation.

Third, respondents had high self-reported choice certainty and 
insensitivity to payment horizons with similar WTP results irrespective 
of which horizon was used. Though in ex-post interviews some re
spondents acknowledged the importance of time and cost constraints. 
The insensitivity to the payment horizons are perhaps due to the 
perceived disbenefits associated with widespread mangrove removal 
and loss of ES associated with a potential hotel. While the high level of 
certainty (87.76 % of responses choosing certain and reasonably certain) 
perhaps suggests that hypothetical bias and choice reversals are less 
likely, with respondents strongly supporting their choices and therefore 
mangrove and ES conservation and management. This compares with 
the literature, Ready et al. (2010) found calibration of certainty levels 
can mitigate hypothetical bias. Additionally, an average certainty score 
of 7.8 (10 being certain) in Pelletier et al. (2022) suggesting respondents 
have a high level of confidence in their choices is comparable to our 
findings. In terms of the WTP estimates (Table 3) our results show using 
the WAIC that the choice model with certainty is preferred over other 
models, however the WTP estimates do not change significantly, from 
the merged 5 and 25-year model. In general this finding is consistent 
with the SP literature where differences in WTP estimates are minor 
across models (e.g. Lundhede et al., 2009; Dekker et al., 2016).

Fourth, we found high levels of status quo avoidance. Based on 
development that does not incorporate mangrove and mangrove ES 
conservation. The ex-post interviews provided insight, suggesting that 
respondents were rational, weighing up the trade-off between the ben
efits of conserving ES relative to the ES loss from wide-scale develop
ment-induced mangrove removal. Respondents indicated that costs, 
time and certainty were considered which was consistent with them 
understanding the DCE. The ex-post interviews allowed respondents to 
integrate their valuation preferences into a socio-cultural narrative and 
have proven useful for more pluralistic valuation (Jacobs et al., 2018). 
More broadly, we found ex-post interviews to be a useful tool to explore 
both the robustness of findings as well as exploring respondents' 
thinking in a qualitative manner. Similarly, Gorton et al. (2023), did ten 
post-DCE interviews and found respondents face challenges such as 
confusion and lack of trust while comparing the criteria of DCE attri
butes. This differs from our ex-post interviews, where interviewees 
stated they engaged with the survey in a way that showed they under
stood the criteria in the DCE. Importantly, when given estimates of their 
WTP during the ex-post interview residents did not indicate that such 
estimates were unrealistic. One common feature with the literature is 

Table 5 
Mixed Linear Model Regression Results – Certainty.

Coefficient p-value 2.5 % CI 97.5 % CI

Payment horizon (25 years) 0.038 * 0.058 − 0.001 1.721
(0.020)

Choice task order sequence 0.012 ** 0.037 0.001 0.024
(0.006)

Group variable 0.274
(0.045)

Log-likelihood − 3465.3251
Observations 3504

Note: standard errors reported in parenthesis; Statistical significance at the 1 %, 
5 % and 10 % level denoted by *** p < 0.01, ** p < 0.05, * p < 0.1, respectively; 
Confidence intervals (CI) at 2.5 % lower and 97.5 % upper bounds; No. of groups 
292; Group size 12.
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that qualitative follow-up interviews complimented the DCE results (e.g. 
Bjørnåvold et al., 2022; Gorton et al., 2023).

The policy implication is that the government should focus on long- 
term mangrove specific management policies and plans. Our findings 
suggests that mangrove cover should be a priority in considering the 
trade-off between development plans like hotels on the research site and 
not developing the coastline. Large-scale developments on mangroves 
are found to be less preferred by residents than smaller less invasive 
initiatives such as eco-tourism projects and parks. The attitudes and ex- 
post interviews suggest that residents have a similar willingness to 
conserve other mangrove areas in the SW and wider Tobago. Therefore, 
there is potential benefit transfer of estimates from this case study to 
other mangrove sites in T&T and wider Caribbean that might have 
population characteristics and attributes similar to our study 
(Luenberger, 1992; Rolfe et al., 2015).

Finally, respondents are willing to reduce coastal erosion over the 
long-term because of a slightly higher WTP to keep erosion levels low 
over 25 years as compared to five years. Given the challenges small is
land developing states face with sea-level rise and risks to coastal pop
ulations (McMichael et al., 2020) this is perhaps an important attribute 
to consider for policy. The central government, THA and environmental 
authorities can use mangrove ES valuation by residents, thus allowing a 
platform to mitigate socio-environmental conflict with knowledge on 
residents' mangrove ES values to inform policy with consideration of 
residents' preferences.

6. Conclusion

In planning mangrove land-use it might be useful to consider the 
following. First, the mangrove ES were valued and found to be preferred 
to large scale hotel development on mangrove sites. Second, mangroves 
provide benefits that people value even if they do not directly use ES. 
There are indirect benefits associated with mangroves such as coastal 
erosion protection and flash flood water regulation. Third, the intrinsic 
values mangroves provide such as heritage and cultural are considerable 
even if locals do not use the resources. The findings show locals prefer 
more mangroves in both payment horizons and overall were more 
certain than uncertain about their choices. This suggests there is public 
support for policies that consider the long-term protection of mangroves 
and its ES. Finally, the ex-post interviews proved a reliable tool to 
explore the thinking of respondents beyond the DCE but has the 

potential for expansion in future research with larger follow-up sample 
sizes to explore DCE results and the socio-cultural narrative of re
spondents for integrated valuation.

CRediT authorship contribution statement

Niko Howai: Writing – review & editing, Writing – original draft, 
Visualization, Methodology, Formal analysis, Investigation, Conceptu
alization. Kelvin Balcombe: Writing – review & editing, Visualization, 
Methodology, Formal analysis, Conceptualization. Elizabeth J.Z. Rob
inson: Writing – review & editing, Visualization, Methodology, 
Conceptualization.

Ethical approval

Our study received ethical approval by the research ethics committee 
of the School of Agriculture, Policy and Development, University of 
Reading (No: 001049P/001149/001621).

Funding sources

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Declaration of competing interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

Acknowledgments

The authors would like to thank Professor (retired) Carlisle Pem
berton for his insight on the research topic. Also, Mr. Garth Ottley 
(THA), Mr. William Trim (THA- formerly) and the THA for authorising 
the research on the island. Dr. Rahanna Juman (IMA) for her mangrove 
knowledge. Further of note, Ms. Jenise Kirk (THA) and Fr Philip Isaac 
(Anglican Archdeacon - Tobago) assisted in ensuring all stakeholder 
groups of interest were met during the research. Finally, we would like 
to thank the editor and reviewer for their helpful comments on 
improving the paper.

Appendix A

There is the possibility that without greater conservation and environmental management mangroves will be lost either through neglect or to 
facilitate development projects in the future. This will affect the services they provide such as a home for adult and juvenile fishes and other marine 
life, a home for birds and other wildlife, protection from coastal erosion, flood control and storm surges. Mangrove forests also help filter wastewater 
and excessive nutrients from running off into nearby beaches and the reefs. Without them the natural beauty of the land will be affected and the 
viability of the areas for tourism activities like bird watching.

However, future projects on mangrove forested sites are not without its merits. There can be increased revenue earning from building new hotels 
and infrastructure expansions that can provide jobs and job security well into the future. The execution of a sustainable environmental management 
plan in how these large investments interact with the environment can control the negative outcomes and find a balance between the factors that affect 
the environment and the benefits that people living close to the mangroves and the island of Tobago can gain.

A management and conservation programme can involve various activities such as the provision of mangrove saplings, the training of the com
munity members in re-planting of trees where losses have occurred after development, an education programme about the benefits of keeping 
mangrove resources for persons living in the area and for future generations, monitoring and patrols to improve safety and security for locals and 
visitors around the mangrove area and protection of the mangroves itself where required. The project can be co-managed by a non-profit organisation 
such as a local NGO and involve the communities in the management process. In this scenario the questions are asked to consider how much you will 
be willing to contribute once per year for a fixed duration for this initiative to succeed.

Imagine a potential future occurrence 5 to 10 years from now where a large-scale hotel development will be built at Bon Accord/Buccoo mangrove 
site. Under this scenario the risk of mangrove loss is high with extensive mangrove cover removal and a subsequent loss of some of the associated 
natural benefits that come with having the mangroves at Bon Accord/Buccoo if no contributions are made to a conservation and management 
programme.

It is expected that restrictions will be placed on the hotel to limit and regulate the acreage that can be cleared for development and size of the hotel 
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(room count) which can affect the revenue stream. In order to achieve improved provisions of the benefits of the mangroves this requires financial 
support. The contribution by you (key decision-maker in the household) to the programme is via an annual tax payment collected by an audited 
collection committee comprising of THA authorised personnel. All tax money received will be given to a local joint-select committee for mangrove 
conservation and management that comprises of fishers, village council members, the THA and an NGO that ensures the benefits of the monetary 
contributions are allocated appropriately and received. This conservation and management programme of the mangrove will be organised and co- 
managed with the various parties previously mentioned. The benefits of the programme can include: 

1) Monitoring and enforcement of guidelines on the mangrove cover that can be removed to build a hotel or other development.
2) A greater quantity of fisheries catch per year at both subsistence (own use) and commercial (sale on markets) for the island.
3) Maintaining protection from strong winds, waves and storm surges to reduce coastal erosion and damage to property.
4) Limit and reduce flood risks on average of flash and major or significant flooding in the surrounding areas by ensuring the mangrove cover can 

consolidate the drainage of the area.
5) Encourage the increase in the abundance of the variety of species that inhabit the mangroves such as birds, fishes, mammals, reptiles, am

phibians, crustaceans and other important species that are an essential attraction point for tourism.
6) Develop a balance between the natural beauty of the land and the building of tourism infrastructure to earn more revenue for the island.
7) To conserve the existing natural habitat for present and future generations to have more fish, birds and natural scenery.
8) Replenishment of the mangroves with saplings where losses have already occurred due to development.
9) Patrol and security of the mangrove area to ensure locals, visitors and tourists' safety.

10) To have additional clean-up activities taking place to remove plastic and other debris washed up or dumped in the mangrove area.

Appendix B

Estimation used Stan7 with a Python interface and employed Hamiltonian MCMC (via the No-U-Turn Sampler) algorithm. Hamiltonian MCMC is 
widely recognised as one of the most efficient ways to simulate the distributions of model parameters. MCMC estimation requires the algorithm to run 
a number of iterations or burn-ins before collecting samples of the parameters. Both the burn-in (warm-up) and the subsequent collection phase must 
be sufficiently long to ensure that the distribution of the parameters is adequately simulated. The adequacy of this simulation is referred to as 
“convergence.” All models in Table 3 had a burn-in of 8000 iterations on six independent chains at 10,000 total iterations. 2000 post warm-up draws 
were taken from the six independent chains for a total of 12,000 draws used. Convergence was observed visually via trace plots and the Rhat diagnostic 
(Vehtari et al., 2019; Balcombe et al., 2021). The trace plots appeared good, stable and random converging to a common distribution. The ex-post 
questionnaire CV based approach used individual WTPs for the jth person

Appendix C

Table C.1 
Attitudes to Mangrove.

Very likely Likely Neutral Unlikely Very unlikely Total

Support mangrove conservation 176 91 20 1 4 292
(60.3) (31.2) (6.8) (0.3) (1.4) (100)
Very concerned Slightly concerned Neither Slightly unconcerned Very unconcerned

Mangrove loss concern 223 59 7 1 2 292
(76.4) (20.2) (2.4) (0.3) (0.7) (100)
DPEP SPEP Neither SPED DPED

Mangrove preservation or economic development 103 91 67 18 13 292
(35.3) (31.2) (22.9) (6.2) (4.5) (100)

Note: DPEP – Definitely prefer environmental preservation; SPEP- Somewhat prefer environmental preservation; SPED- Somewhat prefer economic development; 
DPED- Definitely prefer economic development; Percentages in parenthesis ().
Table C.1 summarises the DCE respondents' attitudes towards mangrove conservation, loss and environmental preservation compared with development. Perhaps not 
surprisingly, almost all respondents were positive about supporting mangrove conservation and highly concerned about the loss of mangrove, with approximately two- 
thirds preferring preservation over economic development.

Table C.2 
Descriptive Statistics.

Sample 
(%)

Sample 
(%)

No of respondents 100 100
Gender Education

Female 55.1 Tertiary 42.5
Male 44.5 Secondary 38.4
Prefer not to say 0.3 Primary 13.7

(continued on next page)

7 Stan is an open-source software available from https://mc-stan.org/. Details can be found in the documentation from https://mc-stan.org/users/documentation/
which also includes the reference manual with a description of Hamiltonian MCMC (currently chapter 15).
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Table C.2 (continued )

Sample 
(%)  

Sample 
(%)

No formal 2.7
Other 1.0
Prefer not to say 1.7

Age group Income range 
(Monthly TT)

18–25 16.8 <5000 32.2
26–35 22.3 5001–10,000 29.1
36–45 21.9 10,001–15,000 10.3
46–55 17.8 15,001–20,000 6.8
56–65 11.3 >20,000 3.1
>65 8.2 Prefer not to say 18.5

Location Employment 
Type

Bon Accord and environs 41.4 Public 26.4
Buccoo and environs 25.7 Private 20.2
Scarborough and environs 11.6 Self-employed 13.7
Plymouth 6.8 Unemployed 2.7
Other 14.4 Student 3.4

Retired 9.2
Other 20.2

Environmental NGO membership Prefer not to say 4.1
Yes 7.9
No 92.1

Note: 292 respondents.

Table C.3 
Choice models 1 % and one level change results.

5 Year 25 year Merged Merged with choice certainty

Mean Mean Mean Mean

1 % inc in fish 0.479 0.483 0.423 0.423
(0.062) (0.061) (0.050) (0.050)

One level erosion 14.748 17.186 16.665 16.393

(1.985) (2.345) (1.996)
(1.947)

Avoid one flood 7.281 6.720 7.156 7.257
(0.979) (0.899) (0.989) (0.955)

1 % inc in species 0.586 0.559 0.535 0.536
(0.081) (0.075) (0.071) (0.070)

Avoid 1 % dec in mangrove 2.202 2.159 2.038 2.035
(0.128) (0.125) (0.152) (0.151)

Avoid 1 % dec in tourism 0.947 0.946 1.002 1.006
(0.122) (0.119) (0.121) (0.118)

Note: Standard deviation in parenthesis; All values expressed in TTD.
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Fig. C.1. Mean WTP Plots For Five, Twenty-Five, Merged and Extended Model with Certainty. 
Top left: 5 year model; Top right 25 year model; Bottom left: merged; Bottom right: merged model -certainty. 
The mean WTP plots for all models in Fig. C.1 have a ‘bell-shaped’ appearance and a cluster around the mean values. The vertical axis represents the frequency of the 
WTP distribution and the estimated WTPs appear random (normal) and positive. The horizontal axis represents the monetary values with the means of the attributes 
at the midpoint of the curve and is the mean across the population as given in the results, Table 3.

Appendix D1

The extended model with certainty and socio-demographic characteristics which is a M x 1 vector specific to each individual where it is normalised 
so that: 

∑

j
zj = 0

ωj = 2ω eγ'zj

1 + eγ'zi

Uj(p, x, z, s, q) =
(

1 − ρ s
4

)
exp

(
αj
)
Vj (p, x, z, q) + e

(D1.1) 

Except now, 

βk,j =
bk

∑
bk + 1

2ω eγ'zj

1 + eγ'zj

θj =
− 1

∑
bk + 1

2ω eγ'zj

1 + eγ'zj

(D1.2) 

With the additional priors 

γm ∼ N(0, 1) for m = 1, .…,M (D1.3) 

The signs of γ indicate the way in which the demographics positively or negatively influence the overall willingness-to-pay for the difference 
between the best possible option and the status quo. The socio-demographic factors have been scaled so that at the mean for demographic the total 
WTP is estimated as with the previous model but there is a logistic function that allows the total WTP to at most double or drive it towards zero.

There are small effects on total WTP for the mangrove conservation and management programme for instance if the respondent is female, if the 
respondent is more educated, and if the respondent is a member of an environmental NGO. It is noticeable that the resulting WTPs are very similar to 
the models without the socio-demographic factors included. For instance, an explanation for the small effect on the WTP by environmental NGO 
membership may be due to an awareness by Tobago's residents about the mangrove ES regardless of whether the respondent is a member of an 
environmental NGO or not. The results in Table D.1 are what the predicted effects are but in classical terms they are insignificant.
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Table D.1 
Socio-Demographic Influence on Total Willingness to Pay.

Gender- Female Age Income Environ Organisation Tertiary Education

Count 12,000 12,000 12,000 12,000 12,000
Mean 0.116 0.014 − 0.019 − 0.056 0.003
Standard deviation 0.108 0.349 0.111 0.192 0.120
Minimum − 0.333 − 1.212 − 0.391 − 0.728 − 0.511
25 % 0.043 − 0.221 − 0.094 − 0.186 − 0.079
50 % 0.116 0.012 − 0.019 − 0.058 0.003
75 % 0.188 0.253 0.056 0.070 0.083
Maximum 0.487 1.495 0.394 0.830 0.458

Appendix D2

The equational form of the mixed linear regression model is as follow: 

ηj,t = μj + βhj,t + βt + ej,t

Where μj ∼ N
(

μσ2
μ

)
and ej,t ∼ N

(
μσ2

μ

) (D2.1) 

ηj,t is the certainty expressed by the jth person in the tth task.
hj,t is the horizon of the tth performed by the jth person.
t is the order of the tth task.
ej,t is an unobserved independent and identically distributed error.

Appendix E

For the ex-post interviews, the individual WTPs derived for each respondent identifiable by their unique identification number (ID) in their 
respective completed questionnaires for the merged 5- and 25-year model are used. The WTP values for the two alternatives in each task and to avoid 
the status quo were used to design a CV based dichotomous choice ex-post questionnaire. From the 48 choice cards, one of the 12 choice tasks in the 
DCE questionnaire that an interviewee previously answered where they would have chosen one of the alternatives, was used with the interviewee's 
original choice and payment blocked out to determine the maximum that the interviewee would pay using a price ladder, to choose their unpreferred 
option over the SQ and then their preferred option over the unpreferred option (Supplementary Sheet S3).

On completion of the price ladder, when the interviewee would go no higher in their WTP the maximum WTPs for the unpreferred option over the 
SQ and the preferred option over the unpreferred option are added together to give the summated WTP (SWTP see Table E.1.

Table E.1). The agreed WTP was then found by asking interviewees if the SWTP is what they would actually pay, to which they could give a yes or 
no response. If interviewees did not agree with their SWTP, this was followed by a question working the SWTP downwards until the interviewee 
agreed on a maximum they would pay. In Table E.1 choices are also consistent with the SQ aversion. All ten ex-post interviews exhibited transitivity of 
preferences over the SQ. Six respondents have a SWTP less than 1000 TTD, with four greater than, however only one interviewee (ID 20) was willing- 
to-pay the SWTP.

Table E.1 
Ex-post DCE Dichotomous Choice Results.

Respondent Max WTP for unpreferred option over 
SQ  

(1)

Max WTP for preferred over unpreferred 
option 
(2)

Summated 
WTP     

(1) + (2) = (3)

Agreed 
WTP

Card 
used

Task 
used

Preferred 
option

1 (ID 51) 70 160 230 160 14 8 A
2 (ID 208) 1000 378 1378 300 47 11 B
3 (ID 270) 1000 2000 3000 2000 3 3 A
4 (ID 5) 150 190 340 200 28 10 A
5 (ID 20) 1000 500 1500 1500 16 4 A
6 (ID 42) 90 110 200 110 3 9 B
7 (ID 279) 400 500 900 500 3 3 A
8 (ID 288) 2400 2400 4800 NR 3 9 B
9 (ID 28) 500 75 575 0 31 1 B
10 (ID 290) 330 220 550 NR 28 4 B

Note: NR – No Response; WTPs in TTD.
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Table E.2 
Ex-post interviewee quotes.

Thematic Topic Interviewee 
Number

Quote

Status Quo aversion Two “…the price of development is high, you do not want to get rid of so many things (nature)…biodiversity suffers at the expense of 
development, but I suspect the tourism revenue earnings should be coming from people exploring to see different animals.”

cost (respondent tax 
payment)

One “it cannot be too high a cost…once it is reasonable”

Five “I see it (the payments) more as an investment for me, the future (generations), the children and everyone.”
Eight “…there is a limit I cannot take my entire salary and spend it on environmental support…”

Time horizons preference Two “I would prefer five years…because it would help me make further decisions…my earnings for the whole time period from 5-years to 25- 
years can vary”

Five “…as it (25 years) seems more realistic for the environmental programme to get the benefits”
Six “I would be more comfortable to pay over a shorter time period, because it does not run too far ahead, which is easier in terms of the cost”
Ten “I would rather pay into a longer project such as a 25-year programme at a realistic price.”

Choice certainty Three “if I was not sure I would put disagree and since I was not able to disagree with anything fully in this survey, I was more confident in 
making my choices.”

Five “…you can never be too sure, but not to the extent of being uncertain or somewhat uncertain (in choice).”
Mangrove uses Three “natural human inclination once the commerce (tourism revenue from the hotel) starts to get better (mangrove removal will be hard to 

control)”
Seven “…you can do development around the mangrove. Around anywhere in nature as a matter of fact, developers can incorporate 

construction…without destroying the mangroves.”

Appendix F. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.ecolecon.2025.108693.

Data availability

Additional data related to this publication are available
Mangrove ecosystem services discrete choice experiment in Tobago 

(Original data) (Mendeley Data)
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