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A B S T R A C T   

Mangroves are one of the most biodiverse but degraded type of ecosystems globally. There has been a strong 
impetus for mangrove restoration globally to compensate for mangrove loss. Understanding the public accept-
ability and preference heterogeneity for mangrove restoration could help practitioners tailor restoration pro-
grams, improve stakeholder engagement, and ultimately improve the chances of restoration success. Here we 
conduct a choice experiment to understand the heterogeneity of public acceptability for mangrove restoration in 
the Large Xiamen Bay (LXB), China. We estimate the total economic value of mangrove restoration and compare 
the marginal willingness to pay (MWTP) for each attribute (including an ecosystem disservice) between par-
ticipants with different socio-demographic characteristics and living locations. Using both the random parameter 
logit model and latent class model, our results reveal that the respondents’ location, socio-demographic char-
acteristics, interaction with the coastal environment, and knowledge about mangroves have significant effects on 
their acceptability and preference for mangrove restoration. Such findings can provide guidance to practitioners 
when planning and implementing mangrove restoration projects, to improve the effectiveness and equity of 
restoration actions in LXB and beyond. By including an ecosystem disservice our study arguably elicits more 
comprehensively preference tradeoffs, which should be considered in future applications of choice experiments 
for ecosystem restoration.   

1. Introduction 

Mangroves are one of the most biodiverse ecosystems on the planet 
(Lee et al., 2014), and provide many different ecosystem services to local 
and global communities. These include, among others, food, raw ma-
terials, climate regulation, coastal protection and recreational oppor-
tunities (Friess et al., 2020). However, mangrove ecosystems and their 
services are threatened by human activity and natural processes, 
including deforestation, overexploitation and sea-level rise (Goldberg 
et al., 2020). Despite the large-scale loss of mangroves in the past de-
cades, widespread conservation and restoration actions have reduced 
the rate of mangrove deforestation from 1 to 2% to roughly 0.13% per 
year over the last three decades (Bryan-Brown et al., 2020). 

Large-scale mangrove restoration has received substantial policy 
traction in the past decade. Some international examples include the 

strong restoration goals articulated in the United Nations Decades on 
Ecosystem Restoration and the post-2020 Global Biodiversity Frame-
work. The former seeks to spur restoration actions globally for very 
diverse types of ecosystems with many of the current flagship initiatives 
involving large-scale mangrove restoration (UNEP, 2023). The latter 
came into effect following the 15th Conference of the Parties of the 
United Nations Convention on Biological Diversity (CBD-COP15) to 
guide actions worldwide to preserve and protect nature and its essential 
services to people en-route to living in harmony with nature by 2050. 
One of its main aims is for at least 30% of degraded ecosystems to be 
under effective restoration by 2030 (Target 2) and restoration featuring 
in other targets (e.g. Target 10–11) (CBD, 2022). Mangrove-related 
guidance and indicators have already been developed to achieve the 
2050 vision for biodiversity (Wetlands International, 2021). Similarly, 
at the national level many countries with large mangrove cover such as 
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Indonesia and China have set up goals for restoring mangroves: 600,000 
ha by 2024 for Indonesia (Mursyid et al., 2021) and 18,800 ha by 2025 
for China (Wang et al., 2021a). 

However, despite the strong international and national policy in-
terest and impetus for ecosystem restoration (including for mangroves), 
several challenges remain. For example, ecosystem restoration in-
terventions can have significant costs, both related to the technical and 
management costs of the restoration interventions (De Groot et al., 
2013), as well as the opportunity costs associated with other land uses 
(Morán-Ordóñez et al., 2022). At the same time, the shifting environ-
mental and social baselines “require” the articulation of restoration 
goals that not only reflect ecological criteria when assessing restoration 
success and effectiveness, but also consider the effects of restoration on 
human wellbeing, equity, landscape multifunctionality, and resilience 
(Fischer et al., 2021). As a result it has been argued that restoration 
initiatives should be context-specific and consider broader social and 
economic benefits in order to encourage greater stakeholder involve-
ment (Aronson and Alexander, 2013). With the increasing interest in 
identifying the intricate linkages between restoring ecosystem health 
and improving social wellbeing, there have been many studies unrav-
eling social preferences in the context of ecosystem restoration (Alba- 
Patiño et al., 2021; Aronson et al., 2016). 

For example, several studies have aimed to elicit social preferences in 
the context of ecosystem restoration, as a means of informing restoration 
actions (Alba-Patiño et al., 2021). Choice experiments have been one of 
the most promising methods to estimate the willingness to pay (WTP) for 
restoration action due to their ability to identify preferences for multiple 
ecosystem services and evaluate the total economic value of environ-
mental change or ecosystem management (Khan and Zhao, 2019). There 
have been several choice experiment applications for ecosystem resto-
ration (Hynes et al., 2021; Kunwar et al., 2020), including a few for 
mangrove restoration (de Rezende et al., 2015; Iqbal, 2020; Wang et al., 
2021b). Mangrove-related choice experiments have mainly focused on 
valuing mangrove ecosystem services, including nursery and breeding 
ground for fish, biodiversity richness and abundance, shoreline erosion 
protection, education and research (Wang et al., 2021b), leaves, grasses 
and twigs collection, fruit and honey collection (Iqbal, 2020), and water 
quality (Wang et al., 2021b). 

However, there are two major knowledge gaps when eliciting soci-
etal preferences for ecosystem restoration in general (and mangrove 
restoration in particular), as discussed below. First, few previous studies 
in the context of ecosystem restoration have investigated the heteroge-
neity of preferences and the underlying sources. Second, a large fraction 
of ecosystem restoration studies has failed to account for ecosystem 
disservices from restoration actions. These two gaps are particularly 
evident in the mangrove restoration literature. 

In terms of preference heterogeneity, it has been argued that its 
robust assessment can be key to improving public involvement and ul-
timately, the success of ecosystem restoration (Cai et al., 2020). For 
example, the public (or different social segments) may have strong 
preferences for particular ecosystem services from restored landscapes, 
which could impact their participation and acceptance of restoration 
actions (Pueyo-Ros et al., 2019). Similar to designing, planning and 
implementing ecosystem restoration actions, it is also essential to un-
derstand the heterogeneity of public preferences and the relationship 
with particular socio-economic and individual characteristics. This in-
formation can help to both identify target households and regions for the 
successful implementation of restoration planning (Beharry-Borg et al., 
2013), as well as to guide the design of effective restoration actions 
(Chen et al., 2018). Heterogeneity in choice experiments stems from the 
fact that choice behaviors are determined by individual preferences and 
differences in the characteristics of ecosystem management and resto-
ration (Cai et al., 2020). In the specific context of mangrove restoration 
the heterogeneity of its benefits may arise from the socio-demographic 
characteristics of individuals (e.g. education or income) (Iqbal, 2020), 
interaction with the coastal environment (e.g. distance or frequency of 

visits to the seashore) (Danley et al., 2021), or knowledge about man-
groves (Jin et al., 2018). However, comparatively few choice experi-
ments in mangrove restoration applications have dealt adequately with 
heterogeneity as most studies tend to investigate the economic value and 
preferences (Wang et al., 2021b). As the delivery of the social benefits of 
ecosystem restoration are strongly linked to public acceptability it is 
necessary to develop a strong evidence base about the characteristics of 
(and factors behind) heterogeneity of preferences for ecosystem resto-
ration (Fischer et al., 2021), including for mangrove restoration that is 
rather underexplored in the literature. 

When it comes to ecosystem disservices, several studies have iden-
tified that restoration actions may generate different disservices such as 
bushfire risk (Wilson et al., 2019), an increase in ecological hazards or 
nuisances (Buckley and Crone, 2008), or negative feelings such as 
dislike, disgust or fear (Treves et al., 2013). Specifically for mangroves, 
both natural and restored mangroves can generate varied disservices 
such as odor (Friess et al., 2020) or sickness and bad air (Cummings and 
Shah, 2018). It has been argued that both ecosystem services and dis-
services should be taken into account when valuing ecosystem man-
agement through stakeholder assessment (Zabala et al., 2021). 
However, relatively few choice experiments on the field of ecosystem 
management have considered disservices, with some of the rare exam-
ples including pest abundance when developing sponge parks (Toledo- 
Gallegos et al., 2022) and irrigation water demand in agroecosystems 
(Zabala et al., 2021). In fact most studies employing choice experiments 
for ecosystem restoration have not considered possible disservices 
(Hynes et al., 2021; Kunwar et al., 2020), something that is also visible 
in the mangrove restoration literature (Iqbal, 2020; Wang et al., 2021b). 
However, as ecosystem disservices sometimes cause strong negative 
perceptions about mangroves and their restoration (Friess et al., 2020) it 
is important to not only present the benefits of mangrove restoration in 
choice experiments, but also their negative effects, in order to avoid 
deviating the scenario from real market evidence and causing hypo-
thetical bias (Hensher, 2010). Arguably, understanding better the effects 
of such disservices for public preferences (and the underlying hetero-
geneity) is important for creating a comprehensive evidence base for the 
public acceptability of restoration actions, which is particularly impor-
tant under such great ambitious goal of ecosystem restoration. 

Considering the above, this study aims at assessing the heterogeneity 
of public acceptability and preferences for mangrove restoration using a 
choice experiment. We focus on the Large Xiamen Bay (LXB) in south-
east China. On the one hand the LXB contains a highly degraded 
mangrove ecosystem, which is gradually targeted for extensive resto-
ration actions from the local and the national government. Beyond these 
amenable conditions for mangrove restoration the LXB region is char-
acterized by diverse a topography and demographic and socioeconomic 
circumstances, which make it an ideal context to explore the heteroge-
neity of public preferences for mangrove restoration. We collect primary 
data through 1600 household surveys across the LXB, and we apply the 
random parameter logit model to calculate the Willingness to Pay 
(WTP). We compare WTP for four respondent groups living in locations 
characterized by different distances to the seashore (i.e. coastal vs. 
inland) and existence of mangroves in their nearby sea areas (i.e. 
mangroves vs. no mangroves). We further use the latent class model to 
test how respondents’ socio-demographic characteristics, interaction 
with the coastal environment, and knowledge about mangroves affect 
the heterogeneity of preferences. Section 2 outlines the study site, the 
choice experiment design, and the data collection and analysis methods. 
Section 3 presents the main results, followed by their critical discussion 
and implications for policy and practice (Section 4). 

2. Methodology 

2.1. Study site 

The Large Xiamen Bay ecosystem (LXB) is a semi-closed subtropical 
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bay on the west bank of the Taiwan Strait, at the southeast coast of China 
(Fig. 1). The bay covers an approximate sea area of 1288 km2, and 
contains a 333 km-long tortuous coastline and an intertidal area of 305 
km2. The bay contains several scattered islands and islets, mainly under 
the jurisdiction of Xiamen City and Kinmen County. A significant part of 
the north and south areas of the LXB is administered by Quanzhou City 
and Zhangzhou City, respectively. The different jurisdiction of the LXB 
and its spatial distribution of natural resources makes this region 
appropriate to explore the heterogeneity of acceptability of mangrove 
restoration. For instance, areas governed by Longhai District of 
Zhangzhou City have the largest mangrove cover (> 400 ha) while some 
districts of Xiamen City and Quanzhou City do not have mangroves. The 
stages of socioeconomic development are also various across the 9 dis-
tricts of the LXB, with the disposable per capita income in 2022 ranging 
from 48,094 CNY/year in Longhai District to 64,261 CNY/year in Hai-
cang District of Xiamen City. 

Historically, the Xiamen Bay contained approximately 320 ha of 
natural mangroves in the 1960s. However, by 2005 the natural 
mangrove stands shrank dramatically to a mere 21 ha due to the rapid 
urbanization, economic development and the expansion of aquaculture 
ponds (Lin et al., 2005). Although the artificial plantation of mangroves 
and the natural regeneration of degraded mangroves have somehow 
reversed the shrinking of mangrove habitats, the fact remains that they 
are still very fragmented (Zhang et al., 2021). The current mangrove 
habitats in the LXB span approximately 477 ha based on the satellite 
image on Google Earth (July 26, 2019). Following the national action 
plan for mangrove forest restoration (Section 1), a provincial govern-
ment action plan was published in December 2020, which set a 
mangrove restoration goal of 424 ha in the LXB by 2025. The large scale 
of mangrove restoration needs community involvement to ensure both 
conservation and sustainability, which is current insufficient in 
mangrove restoration projects in China (Lushan, 2022). This study takes 
the first step to understand how residents would accept mangrove 
restoration and the possible heterogeneity of the acceptability. The re-
sults could help decision-makers better design community involvement 
in restoration projects. 

2.2. Survey design 

2.2.1. Choice experiment attributes and design 
In order to understand the preferences of local residents about 

mangrove restoration, mangrove ecosystem services and willingness to 
pay, the choice experiment used seven attributes namely: the restoration 
area, four mangrove ecosystem services, one ecosystem disservice, and 
the payment. Such format has been common in choice experiments 
seeking to elicit the preferences of individuals for ecosystem conserva-
tion (Müller et al., 2020) and restoration (Hynes et al., 2021). Table 1 
summarizes the attributes and levels included in the choice experiment, 
and below we justify their selection. 

In terms of the restoration area attribute, and when considering the 
importance of tidal flats for biodiversity and ecosystem services (Murray 
et al., 2019), we assumed that the upper limit of the area for mangrove 
restoration is 20% of the available mudflat area (3600 ha). With that in 
mind we created a spectrum of restoration areas, namely: 72 ha, 180 ha, 
360 ha, 720 ha, 1200 ha, 2400 ha, and 3600 ha. 

Subsequently we based the selection of the four ecosystem services 
attributes on a recent study about the perception of coastal residents in 
LXB on mangrove ecosystem services (Su and Gasparatos, 2023). This 
study elicited the perceived importance of mangrove ecosystem services 
in the LXB, and found that the most important ecosystem services in 
each category were (a) food production (Fisheries) (for provisioning 
services), (b) climate regulation and coastal protection (for regulating 
services), and (c) aesthetic values (for cultural services). 

Specifically, the mean biomass of fisheries production (i.e., fish, 
crab, shrimp) in restored mangroves was used to indicate the impact of 
different restoration levels on fish capture increases. According to Das 

(2017), mudflats planted and enriched with mangrove plantations could 
increase the average fish catch by 2.436 kg per day per fisherman. 
Climate regulation was expressed in terms of the equivalent number of 
cars taken off the road (He et al., 2017) in order to facilitate the re-
spondents’ understanding of this attribute. Here, the average vehicle 
CO2 emission (EAA, 2020) and carbon accumulation rate in mangroves 
(Alongi, 2014) were used to estimate the levels of this attribute. For 
coastal protection we applied the average value of reduced property loss 
due to typhoon protection from mangroves (Huang, 2017) in Xiamen, 
Zhangzhou, and Quanzhou. Considering the lack of a suitable quanti-
tative way to measure aesthetic values from ecosystems (Himes-Cornell 
et al., 2018), we assigned three qualitative levels of aesthetic view of 
mangrove restoration (Table 1). 

In addition to the benefits of mangrove restoration (i.e. ecosystem 
services from restored mangroves), we also included one attribute 
depicting an unfavorable consequence of mangrove restoration. This 
was done to ensure that respondents fully understand the outcomes of 
mangrove restoration actions and underlying trade-offs (Friess et al., 
2020) and reduce to some extent the hypothesis bias1 (Fifer et al., 2014). 
As mangrove wetlands are often perceived to present a mosquito 
‘problem’ and be a source of pests that affect nearby residential areas 
(Claflin and Webb, 2017), we used increases in mosquito population as 
an ecosystem disservice of mangrove restoration. Studies have been 
argued that the size and percentage of the mangrove stand have a pos-
itive effect on mosquito abundance (Claflin and Webb, 2017). As there is 
no straightforward way to provide quantitative estimates for this 
ecosystem disservices as it depends on many factors (Siwiendrayanti 
et al., 2020), we used three qualitative levels of mosquito increase 
(Table 1). 

The last attribute is the payment for mangrove restoration, both in 
terms of payment level and vehicle. Regarding the latter, respondents 
are asked to pay for mangrove restoration through an increase in their 
household annual tax exclusively designed to conserve and restore the 
coastal and marine ecosystems. The selected payment vehicle was based 
on a previous study that concluded that earmarked taxes were perceived 
as fair and easy-to-understand economic instruments for financing 
climate change mitigation measures in the coastal and marine envi-
ronment (Remoundou et al., 2015). We evaluated the proper range of 
costs using the reported mean values (USD 209,312.1 per ha in 2019 
USD) of mangrove restoration as estimated in a recent meta-analysis (Su 
et al., 2021). To align with the governmental action plan, the cost for 
mangrove restoration per household in the upper limit of the restoration 
area (3600 ha) shall be 300 CNY year− 1 in the next five years, assuming 
that every household in the LXB is willing to pay for mangrove resto-
ration. Hence, we chose 300 CNY as the upper limit for the costs. Sub-
sequently we developed a spectrum of values ranging between 0 and 300 
CNY year− 1 (i.e. 0, 20, 50, 100, 150, 200, 300 CNY year− 1), which are 
equivalent to other relevant studies (Khan and Zhao, 2019) (i.e., 0, 50, 
100, 200, 300 CNY year− 1). 

A choice set includes three alternatives. The first two represent 
scenarios of mangrove restoration, and the last one represents the status 
quo. The status quo depicted the current situation, which pertained to 
unvegetated tidal flats in the absence of mangrove restoration. The 
levels of attributes for the status quo were fixed to “Zero” for the 
restoration area and cost, and “No change” for restoration outcomes (i.e. 
the four ecosystem services and one disservice). The levels for the other 
two alternatives varied according to the experimental design plan. 
Bayesian efficient design on Ngene Software (Version 1.2.1) 

1 In choice experiments the hypothesis bias reflects the different choices 
made by individuals in hypothetical settings as opposed to those made in real 
life situations (Fifer et al., 2014). Hypothesis bias can influence estimates of 
WTP through underestimation when an initial amount is provided to the re-
spondents (Moser et al., 2014) or overestimation when respondents do not 
make choice subject to the budget constraint (Iqbal, 2020). 
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(ChoiceMetrics, 2018) was used to generate the choice cards. Overall, 
twenty-eight choice sets were generated and randomly divided into four 
blocks, i.e., each respondent made seven choices with one of the four 
blocks. We added two constraints in the experimental design to avoid 
dominant alternatives (Johnson and Orme, 1996). If the restoration area 
in Alternative One is larger than in Alternative Two, then the restoration 
payment in Alternative One should be higher than in Alternative Two 
and vice versa. Prior estimates for each attribute were initially identified 
through relevant literature (He et al., 2017; Hynes et al., 2021). 

Fifty pilot choice experiment surveys were conducted in August 2021 
to verify and modify the prior estimates for the final experimental 
design. Feedback in the form of written comments was collected from 
respondents during the pilot survey to understand their acceptance and 
understanding of the design of choice experiment. Overall, the re-
spondents of the pilot survey stated that the design of attributes and 

levels within the choice experiment were acceptable and easily under-
stood. The final value of D-error for the choice experiment design was 
estimated at 0.076, which implies a good statistical efficiency of designs 
(Bhattarai et al., 2019). 

2.2.2. Survey structure 
The survey instrument consisted of three sections. The first section 

collected baseline information about (a) the respondents’ travel time 
and frequency of visits to the seashore, (b) their knowledge about 
mangroves, and (c) their awareness of mangrove existence along the 
neighboring coast. Knowledge and awareness of mangroves were eli-
cited through Likert-scale questions (e.g. score 1 = Not at all aware to 5 
= Very aware), with higher scores indicating higher knowledge and 
awareness of mangroves. 

The second section contained seven choice tasks, of which the first 
card was omitted from the econometric analysis in order to minimize the 
error variance and hence, maximize the statical power of the model 
(Carlsson et al., 2012). The third section contained questions about the 
respondents’ socio-demographic characteristics, including education 
level and income. 

In order to facilitate the understanding of mangrove ecosystems, 
respondents had to watch a 100-s introduction film and then answer a 
question from the film before making the choices. In the subsequent 
analysis we considered the surveys of only those respondents that 
answered this question correctly. The choice experiment rules, expla-
nation of attributes, and reminders about budget constraints were pre-
sented before the choice cards. To make the restoration scenarios more 
understandable, we applied a picture-based approach to describe the 
different levels of restoration outcomes (Jeanloz et al., 2016). Fig. 2 
shows an example of a choice card. 

2.3. Data collection 

The final survey was administered to a random sample of residents in 

Fig. 1. Map of the Large Xiamen Bay (China).  

Table 1 
Attributes and levels used in the choice experiment.  

Attributes Levels  

Status 
quo 

Low Medium High 

Restoration area (ha) 72, 180, 360, 720, 1200, 2400, 3600 
Increase in fish capture (added 

kg/month/fisherman) 
No 
change 36 73 146 

Climate regulation (equivalent 
to CO2 emission savings from 
cars per hour) 

No 
change 65 130 260 

Coastal protection from typhoon 
(billion CNY) 

No 
change 1 2 4 

Aesthetic value (qualitative) 
No 
change Average Nice Perfect 

Increase in mosquito population 
(qualitative) 

No 
change Low Moderate Significant 

Cost (CNY/household/year) 10, 20, 50, 100, 150, 200, 300  
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Xiamen City, Longhai City, Jinjiang City, and Nan’an City in September 
2021 using an online survey platform due to the restriction posed by the 
COVID-19 pandemic. A total of 1600 questionnaires were disseminated, 
with 400 surveys per block (Section 2.2). Each of the four blocks was 
randomly assigned to a respondent. 

To ensure the validity of our sample, we filtered participants with 
two exclusion criteria: (a) be at least 18 years of age, and (b) currently 
residing in Xiamen City, Longhai City, Jinjiang City, and Nan’an City. If 
a respondent did not meet any of these two criteria, they were not 
allowed to participate in the survey. Beyond that, we used the following 
criteria to filter invalid data: (a) response time of <120 s; (b) repetitive 
answers (e.g. A for all questions)2; (c) wrong answers after the intro-
ductory film; and (d) irrational or incompatible answers (e.g. illogically 
large number of household members). 

In the end, 1029 samples met our criteria and were usable for the 
econometric analysis (Section 2.4). To investigate the spatial heteroge-
neity of the responses, we used the travel time to the seashore by car, to 
divide residents living in coastal or inland areas. Based on the pre-
liminary analysis of samples (Table S1 in Supplementary Material), 

respondents who reported living in areas with a travel time < 15 min to 
the seashore were classified as coastal residents, whereas those who 
need >15 min were classified as inland residents. In addition, based on 
the district and presence of mangroves, we identified respondents as 
those living in (a) areas with mangroves (residents in Longhai, Haicang, 
Tong’an, Jimei and Xiang’an districts) and (b) without mangroves 
(Jinjiang, Nan’an, Siming, and Huli districts) (see Fig. 1). 

2.4. Data analysis 

The standard random utility modeling (RUM) framework (McFad-
den, 1974) and the Lancaster theory of value (Lancaster, 1966) form the 
analytical basis of choice experiments. Previous modelings of discrete 
choices have used the Multinomial Logit Model (MNL) (Hensher et al., 
2005), which is built on the assumption that respondents have homo-
geneous preferences and that there is independence of irrelevant alter-
natives (IIA). However, the IIA assumption is generally rejected for the 
unobserved preferences heterogeneity among respondents (Louviere 
et al., 2010). To account for heterogeneity in preference and scale 
associated with uncertainties, we implemented here both the random 
parameter logit model (RPL) (Hensher and Greene, 2003) and the Latent 
Class Model (LCM) (Greene and Hensher, 2003), with and without 
interaction of socio-demographic variables. 

2.4.1. Random parameter logit (RPL) model 
The RPL takes preference heterogeneity into account and helps relax 

the IIA. Rather than calculating a single probability for each alternative, 

Fig. 2. Sample choice card used in the survey.  

2 We only removed samples that chose the same option across all questions or 
had certain repetitive patterns. Considering that there are 32 questions in the 
survey instrument, the possibility of repetitive answers but valid responses 
could be very low. This issue of repetitive responses has been discussed in 
previous studies as “careless responding” (Ward and Meade, 2023), and can 
lead to a different results even for a small proportion of samples (e.g. 5%). 
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the RPL calculates the choice probability for each random draw taken 
from the assumed probability distributions. We estimate the RPL at 500 
times MLHS draws (Hess et al., 2006) due to the fact that the number of 
attributes is higher than five. 

We estimated two specifications for the RPL. In model 1, we included 
all attributes as random parameters and assumed that all attributes 
follow a normal distribution, except for cost, which is log-normally 
distributed to avoid theoretical inconsistencies of positive preferences 
for the payment (Dang Vu et al., 2022). In the second model, we 
included interaction terms between residents who live in the coast area 
(binary) and residents who live in areas with mangroves (binary) to test 
for the spatial heterogeneity (i.e. due to living environments) of pref-
erences (Section 2.3). 

An Alternative Specific Constant (ASC) is included in both models to 
capture preferences for the “no restoration” scenario (i.e. the status 
quo). The utility obtained by respondent n from the alternative j could be 
expressed as shown in Eq. (1): 

Unj = Vnj + εnj = αjASCj +
∑

k
βnkXnjk +

∑

k
γnkXnjkCn + μnjASCnjCnϵnj (1)  

where Vij denotes the deterministic component of utility, ϵij denotes the 
unobserved component, Xnjk indicates the attributes, βnk is the coeffi-
cient revealing the aggregate preference of an individual βk. For the 
random portion of the utility, interactions of characteristics of individ-
ual Cn with attributes Xnjk or alternative specific constants ASCnj, γnk and 
μnj are interpreted as the explanation of the heterogeneity of preferences 
(Louviere et al., 2010). 

We used estimated parameters from the model without interaction 
terms (Model 1) to derive the marginal willingness-to-pay (WTP) for 
mangrove restoration for the whole LXB. In addition, in order to esti-
mate the heterogeneity of marginal WTP across attributes we divided 
the samples into four subgroups: (a) coast & mangroves, (b) coast & no 
mangroves, (c) inland & mangroves, and (d) inland & no mangroves (see 
Section 2.3 for the division criteria). Following Mariel et al. (2021) we 
used Eq. (2) to estimate the marginal WTP and employed the commonly 
applied delta model to compute the standard errors (Kruse and Atkinson, 
2022): 

MWTPk = −
βk

exp
(

βcost +
stdecost

2

2

) (2) 

Compensating surplus (CS), measuring the welfare effects of changes 
(in this case, mangrove restoration), is a better and more appropriate 
instrument to guide policy decisions (Dias and Belcher, 2015). The CS 
for a change from the status quo x0 (i.e. unvegetated tidal flat in this 
case) to a specified alternative x1 (i.e. the chosen restoration area in this 
case) is following Hanemann utility difference formula (Hanemann, 
1984) as per Eq. (3): 

CS = −
1

βcost

{
ln
[∑

exp
(
βjx

1
ik

) ]
− ln

[∑
exp

(
βjx

0
ik

) ] }
(3)  

here we considered a linear utility function and only change of one 
attribute, and hence the CS estimation in this study was given by Eq. (4): 

CS =
βk

exp
(

βcost +
stdecost

2

2

)
(
A1

k − A0
k

)
(4)  

where the CS represents the consumer surplus derived from changing 
from the current situation to a specific restoration scenario. This result 
indicates the mean WTP for mangrove restoration per household, while 
the total economic value of mangrove restoration in the LXB was esti-
mated by multiplying this value with the number of households willing 
to pay for mangrove restoration. The total number of households willing 
to pay was estimated by multiplying the fraction of households willing 

to pay in our sample with the total number of households in the study 
areas. 

2.4.2. Latent Class models (LCM) 
While the RPL captures heterogeneity at the individual level, the 

Latent Class Model (LCM) accommodates preference heterogeneity at 
the group level (Kruse and Atkinson, 2022). It assumes that the popu-
lation consists of groups of individuals who have homogeneous prefer-
ences within each class, but differ between them. Characterizing such 
groups can be particularly valuable in assessing the magnitude of sup-
port for specific policy characteristics in democratic decision-making 
processes to inform policy designs (Kruse and Atkinson, 2022). 

For the LCM, we hypothesized that two socio-demographic charac-
teristics (i.e. income and education), the visit frequency to the seashore 
and the knowledge of mangroves, would be relevant for determining 
class membership. The two socio-demographic characteristics were 
mostly used to explain the variation in ecosystem service values 
(Quintas-Soriano et al., 2018). The last two factors reflect the interaction 
between humans and nature to explore the impacts of these interactions 
on their preferences for mangrove restoration (Pedersen et al., 2019). 

To identify the number of classes, we used those with the lowest 
Bayesian Information Criterion (BIC) and Akaike Information Criterion 
(AIC) (Boxall and Adamowicz, 2002). The estimation of preferences was 
calculated using a computationally simpler MNL (Greene and Hensher, 
2003). Both RPL and LCM analyses were conducted using the Apollo 
package (Hess and Palma, 2019) in R version 4.1.2. 

2.5. Limitations 

The main limitation of this study is that data was collected through 
an online survey due to the constraints posed by the COVID-19 
pandemic, it is possible that there is a bias toward people more likely 
to use the online survey platform. For example, the respondents in our 
sample tend to be relatively younger and have a higher level of educa-
tion (Section 3.1), than the average population. Other studies in the field 
of ecosystem services or ecosystem conservation have made similar 
observations when using online survey tools (Hynes et al., 2021). This 
may cause bias in our results, and should be taken into consideration 
when generalizing the results of this study. 

Furthermore, there is a possibility of uncertainty in how respondents 
understand the qualitative levels of mosquito population increase and 
aesthetic value considering different individuals may interpret these 
attributes and levels differently. Although we believe that both attri-
butes can be understood intuitively and despite providing an intro-
ducing video, in-text explanations before the choice tasks, and picture- 
based choice cards, there is still likelihood of uncertainty that should 
be considered when generalizing findings. 

3. Results 

3.1. Descriptive statistics 

The proportion of collected data by area is 70.4% in Xiamen City, 
10.1% in Longhai City, 10.5% in Jinjiang City, and 9.0% in Nan’an City, 
which reflects well the relative population size and geographic charac-
teristics of the three cities. Table 2 provides an overview of the summary 
statistics for the overall valid sample (n = 1029). Of the 1029 re-
spondents included in the analysis, 48% were males and the most 
prevalent age group was 25–34 years old. The average income in the 
study sample is 17,243.4 CNY/household/month. We further compare 
in Table 2 the descriptive statistics of the sample with the general 
population statistics for the LXB collected during the Seventh National 
Population Census of China in 2021. Overall, although the respondents 
in this study are on average slightly younger with higher education level 
(Section 2.5), the samples reflect well the population of the LXB. 

Of all respondents, 25% were aware of the presence of mangroves in 
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the LXB, while 17.2% claimed to have a higher than moderate knowl-
edge of mangroves. Overall, 96.4% of all respondents were willing to 
pay for mangrove restoration, and only 3.6% (n = 37) chose the status 
quo alternative through all choice tasks (see Section 2.2.1). 

Tables S2 and S3 in the Supplementary Material summarize the basic 
characteristics of the coastal/inland and mangrove/no mangrove 
groups. The sample sizes for those living in a district with mangroves or 
those living in a coastal area are around half and half, respectively. 
Those living in an area with mangroves are significantly more aware of 
mangrove presence in the LXB (0.39 vs 0.12 for no mangrove group, p <
0.001). However, they did not have significantly higher knowledge 
about mangroves (2.02 vs 1.96). When compared to inland residents, the 
coastal respondents visited the seashore significantly more frequently 
(31.53 times per year for coastal residents vs 10.55 for inland residents, 
p < 0.001), were significantly more aware of the presence of mangroves 
(0.33 vs 0.17, p < 0.001) and had significantly higher knowledge about 
them (2.08 vs 1.89, p < 0.001). Interestingly, there were no significant 
differences in support for mangrove restoration between respondents 
living in coastal or inland areas, or areas containing or not containing 
mangroves. 

3.2. Random parameter logit model results 

A total of 6174 choice observations were included in the analysis, of 
which 10.5% represented the “Zero restoration” option. The results of 
the Random Parameter Logit (RPL) model are reported in Table 3. Model 
1 contains only the non-fixed attributes (i.e. without interactions), and 
Model 2 includes interactions with the characteristics of the re-
spondents. The coefficients for the ASC in both models representing the 
preference for “Zero restoration” option are significantly negative, 
suggesting that respondents preferred restoring mangroves over the 
“Zero restoration” option. Furthermore, as expected, we observe nega-
tive coefficients for the mangrove disservice and payment attributes, 
while positive coefficients for the four mangrove ecosystem services. 

We use Model 1 to inform the economic value of mangrove resto-
ration. Respondents are willing to pay 0.35 CNY/household/year to 
increase the area of restored mangroves by 1 ha. According to the 7th 
national census report, there are approximately 3.71 million households 
in the LXB. When considering the total number of households willing to 
pay for mangrove restoration in the LXB, the marginal economic value of 
mangrove restoration is 12,519.4 CNY ha− 1 yr− 1 (equivalent to 1941.0 
USD ha− 1 yr− 1 using the 2021 average exchange rate). The compen-
sating surplus (CS) for mangrove restoration in the LXB is 148,589.08 
CNY ha− 1 yr− 1 (equivalent to 23,037.1 USD ha− 1 yr− 1 in 2021). 

When considering the effect of the household location (Model 2), we 
observe that respondents living in the coastal areas or areas with man-
groves are more willing to pay for mangrove restoration (Table 3). When 

it comes to the specific non-payment attributes, the respondents living in 
inland areas or areas without mangroves had a higher preference for 
increased fish capture through mangrove restoration. We also see that 
the respondents living in areas without mangroves are more likely to 
support large-scale mangrove restoration and have a higher preference 
for climate regulation services, while they are less likely to have high 
preference for the aesthetic values provided by mangrove restoration. 

We further compare the marginal WTP across different attributes 
among the four subgroups: (a) “coast & mangroves”, (b) “coast & no 
mangroves”, (c) “inland & mangroves”, and (d) “inland & no man-
groves” (Fig. 3, Table S4 in Supplementary Material). We observe that 
respondents living in “coast & mangroves” areas had significant mar-
ginal WTP for mangrove restoration. In addition, consistent with Model 
2, respondents living in “inland & mangroves” areas are significantly 
more likely to pay for an increase in fish capture from mangrove 
restoration. For the regulating services, we observe that except for re-
spondents living in “inland & mangroves” areas (that did not have a 
significant marginal WTP for climate regulation), the respondents in 
other three subregions had positive and significant marginal WTP for the 
regulating services. Compared to other subregions, respondents living in 
the “inland & no mangroves” areas had significantly higher marginal 
WTP for climate regulation and typhoon protection. We observe that 

Table 2 
Socio-demographic profile of the respondents.   

Sample Mean (s. 
d.) 

General 
Population* 

Gender (female = 0) 0.48 (0.5) 0.53 
Age (years) 31.58 (9.48) 36.6 
Location of residence (urban = 1) 0.79 (0.41) 0.84 
Household size (number of members) 3.97 (1.29) 2.42 
Education level (years) 15.52 (2.25) 11.37 
Income (CNY/household/month) 17,243 (13664)  
Individual income (CNY/month) 4343.3 5121.5 
Distance to seashore by vehicle (min) 18.48 (13.31)  
Frequency of visits to seashore (number/ 

year) 
21.54 (29.45)  

Knowledge about mangrove 1.99 (0.92)  
Awareness of mangrove existence 0.25 (0.76)  
Support for mangrove restoration 4.31 (0.82)  
No. of observations 1029   

* Data from The Seventh National Population Census of China (2021). 

Table 3 
Random Parameter Logit Model results.  

Variable Model1 Model 2 

ASC − 10.6703*** 
(0.8996) 

− 10.6546*** 
(0.8125) 

Restoration area (km2) 0.0098** (0.0050) 0.0063* (0.0042) 
Increase in fish capture (kg) 0.0025*** (0.0009) 0.0012** (0.0007) 
Climate regulation 0.0031*** (0.0005) 0.0020*** (0.0004) 
Coastal protection 0.1548*** (0.0257) 0.0827*** (0.0217) 
Aesthetic value 0.1428*** (0.0367) 0.0564** (0.0308) 

Increase in mosquito population − 0.3832*** 
(0.0453) 

− 0.1441*** 
(0.0379) 

Cost − 5.6584*** 
(0.1725) 

− 5.8213*** 
(0.1744) 

Restoration area × Coast  0.0097 (0.0097) 
Increase in fish capture × Coast  − 0.0022*(0.0017) 
Climate regulation × Coast  0.0010 (0.0010) 
Coastal protection × Coast  0.0345 (0.0509) 
Aesthetic value × Coast  − 0.0084 (0.0750) 
Increase in mosquito population ×

Coast  
− 0.1200*(0.0888) 

Cost × Coast  0.0028***(0.0010) 
Restoration area × Mangrove  − 0.0148* (0.0095) 
Increase in fish capture × Mangrove  0.0025*(0.0017) 

Climate regulation × Mangrove  
− 0.0026*** 
(0.0010) 

Coastal protection × Mangrove  − 0.0510 (0.0505) 
Aesthetic value × Mangrove  0.0627 (0.0747) 
Increase in mosquito population ×

Mangrove  − 0.0824 (0.0864) 

Cost × Mangrove  0.0016* (0.0011) 
sd. ASC 8.0663*** (0.6344) 8.1313***(0.6058) 

sd. Restoration area 
− 0.0967*** 
(0.0078) 

− 0.0471*** 
(0.0037) 

sd. Increase in fish capture − 0.0035 (0.0066) − 0.0029**(0.0013) 

sd. Climate regulation − 0.0047*** 
(0.0013) 

− 0.0015*(0.0010) 

sd. Coastal protection − 0.1010 (0.1556) 0.0640*(0.0437) 

sd. Aesthetic value 
− 0.4258*** 
(0.0762) 0.2171***(0.0469) 

sd. Increase in mosquito population − 0.4458*** 
(0.0965) 

− 0.2361*** 
(0.0433) 

sd. Cost 2.0425*** (0.1210) 1.6666***(0.1190) 
No. of choice sets/respondents 6174/1029 6174/1029 
Log likelihood − 4508.85 − 4493.34 
AIC 9049.69 9046.68 
BIC 9157.34 9248.52 

1. ***, **, * indicate significance at 1%, 5%, 10% level. 
2. sd. indicates the standard deviation from the average preference in the RPL. 
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only residents in the areas with mangroves have significant marginal 
WTP for the aesthetic values of restored mangroves, while all four 
subgroups have significant and negative marginal WTP for the increase 
of mosquitos due to mangrove restoration. Respondents living in 
“coastal & no mangroves” areas had the lowest absolute coefficient 
among all groups, suggesting their relatively lower dislike. 

3.3. Latent class model results 

According to Table 4 the latent class model identifies five classes 
using the AIC and BIC criteria (Table S5 in Supplementary Material). The 
first three classes contain a relatively similar fraction of the total sample 
(32.8%), while the last two classes contain relatively smaller segments 
of the overall sample. 

Respondents in Class 1 have the highest positive preference for 
climate regulation and aesthetic values provided from mangrove resto-
ration. Respondents in this class can be characterized by higher income 
levels and visiting the seashore frequently. Respondents in Class 2 are 
more likely to have higher education and a middle-income level, and 
Class 2 is the only segment that has a preference for increased fish 
capture from mangrove restoration. Although this class has a positive 
preference for all mangrove ecosystem services, it demonstrates oppo-
sition to larger-scale mangrove restoration. 

Respondents in Class 3 can be characterized by higher knowledge 

about mangroves, a middle-income level, and frequent visits to the 
seashore. They prefer a higher level of mangrove restoration, which 
could provide substantial typhoon protection services. However, the 
respondents in this class expressed opposition to other services, such as 
increases in fish capture, climate regulation, and aesthetic value. The 
respondents in Class 4 are against higher levels of mangrove restoration, 
and do not have significant preferences for mangrove ecosystem ser-
vices. They are less likely to be knowledgeable about mangroves and can 
be characterized as middle-income and higher educated. The smallest 
segment, Class 5, can be characterized by lower income, lower educa-
tion, and less frequent visits to the seashore. They have the strongest 
preference for coastal protection, while they oppose increases in fish 
capture and aesthetic value from mangrove restoration. Finally, it 
should be mentioned that despite their heterogeneity, the respondents 
from all classes have significant opposition to increases in mosquito 
population from mangrove restoration. 

4. Discussion 

When considering the ambitious mangrove restoration targets 
established by international organizations and coastal countries, it is 
important to understand the heterogeneity of its acceptability to inform 
the design of efficient and context-specific restoration actions. Although 
various studies have evaluated mangrove restoration using choice 

Fig. 3. Marginal Willingness To Pay (MWTP) per household for the six attributes across subgroups. Notes: ***, **, * indicate significance at 1%, 5%, 10% level.  
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experiments (de Rezende et al., 2015; Wang et al., 2021a), such studies 
have not contained critical information on the heterogeneity of prefer-
ences. As already outlined in Section 1 this is a broader observation from 
the wider ecosystem restoration literature (Sinclair et al., 2021). To 
overcome this gap, in this study, we applied a choice experiment to 
quantify the public acceptability of mangrove restoration, further 
investigating the heterogeneity of preferences across different locations, 
individual socio-demographic characteristics, and their interaction with 
the coastal environment and mangrove knowledge. Below we critically 
discuss some of the main findings of the random parameter logit model 
and latent class models (Section 4.1–4.2) and the main implications for 
policy and practice in the Large Xiamen Bay, and beyond (Section 4.3). 

4.1. Preferences for choice experiment attributes 

Our results clearly show that the respondents have positive prefer-
ences for all mangrove ecosystem services and negative preferences for 
the disservice (Table 3 and Fig. 3). The sole focus of many choice 
experiment studies on the ecosystem services benefits of ecosystem/ 
mangrove restoration (de Rezende et al., 2015; Iqbal, 2020) belies the 
potential negative influences and perceptions that mangroves can have 
on the surrounding population (Friess et al., 2020), which would induce 
certain hypothetical bias (Fifer et al., 2014). To the best of our knowl-
edge, this is the first study that has included a mangrove disservice as an 
attribute in a choice experiment, with the findings indicating a signifi-
cant negative preference for the potential increase of mosquitoes from 
mangrove restoration (Table 3 and Fig. 3). This strongly suggests that it 
is not enough to only consider the beneficial ecosystem services from 
mangroves (whether natural or restored), but need to provide a 
balanced view of also the negative aspects if we are to obtain a 
comprehensive picture of how humans relate to and interact with 
coastal ecosystems (Friess et al., 2020). We should point that although 
the addition of this disservice can help us appreciate a bit better the 
trade-offs inherent in ecosystem/mangrove restoration preferences, we 
cannot conclusively say that it eliminated hypothetical bias. This would 

have likely needed a different design with some control group to esti-
mate possible effects on hypothetical bias, which should be explored in 
future studies. 

However, despite the inclusion of this mangrove disservice, the WTP 
estimates suggest a high prospective demand for mangrove restoration 
among the respondents throughout the study site. The mean WTP of 
23,037.1 USD ha− 1 year− 1 for mangrove restoration falls within the 
range of the estimated total value of restored mangroves (155.2 to 
541,351.6 in 2021 USD ha− 1 yr− 1) and is comparable to the mean value 
(20,658.9 in 2021 USD ha− 1 yr− 1) as identified in a recent meta-analysis 
of the economic benefits of mangrove restoration (Su et al., 2021). 
However, this value is lower than the total value of mangrove ecosystem 
services from natural mangroves in Xiamen City (56,884.6 in 2021 USD 
ha− 1 yr− 1) (Su and Peng, 2021). Although this discrepancy is in line with 
the reported evidence that the economic values of restored mangroves 
are lower than those of natural mangroves (Su et al., 2021), the result 
suggests possible underestimation in our study. This underestimation 
may be due to the fact that the overwhelming majority of the population 
in the LXB does not rely on mangroves for their livelihoods. In addition, 
the marginal WTP (2013.5 USD ha− 1 yr− 1) is lower than the average 
WTP, suggesting decreasing returns to scale from mangrove restoration. 
This result is consistent with expectations in the literature about the 
relationship between marginal and average values in the context of 
ecosystem conservation (Salem and Mercer, 2012). 

4.2. Preference heterogeneity due to location and respondent 
characteristics 

Our research focuses on regional-scale restoration where re-
spondents shared similar institutional and cultural contexts. Preferences 
were not significantly different for all attributes between respondents in 
different locations (Table 3). However, our findings suggest that both 
the location (i.e. living in coastal or inland areas, living in areas that 
contain or do not contain mangroves) and characteristics of the re-
spondents have significant effects for some preferences (Table 3). 

Table 4 
Result of the latent class model.  

Variable Class 1 Class 2 Class 3 Class 4 Class 5 

ASC − 3.6300*** 
(0.1592)     

Restoration area (km2) 0.1340*** 
(0.0230) 

− 0.0214*** 
(0.0037) 

0.0294*** 
(0.0091) 

− 0.0383*** 
(0.158) 

0.0116 
(0.0325) 

Increase in fish capture 
− 0.0008 
(0.0025) 

0.0032*** 
(0.0008) 

− 0.0095*** 
(0.0025) 

0.0009 
(0.0032) 

− 0.0282*** 
(0.0076) 

Climate regulation 0.0106*** 
(0.0024) 

0.0015*** 
(0.0005) 

− 0.0036** 
(0.0016) 

− 0.0013 
(0.0021) 

0.0068** 
(0.0039) 

Coastal protection 0.1652*** 
(0.0563) 

0.1180*** 
(0.0270) 

0.2199** 
(0.0989) 

0.1522 
(0.1311) 

1.2288*** 
(0.3343) 

Aesthetic value 
0.2056*** 
(0.0834) 

0.1369*** 
(0.0359) 

− 0.7190*** 
(0.1052) 

0.1511 
(0.1687) 

− 1.1850*** 
(0.3049) 

Increase in mosquito population 
− 0.2997*** 
(0.0879) 

− 0.1657*** 
(0.0390) 

− 0.9851*** 
(0.1372) 

− 0.3957*** 
(0.1534) 

− 1.1461*** 
(0.2873) 

Cost 0.0019** 
(0.0011) 

− 0.0075*** 
(0.0007) 

0.0010 
(0.0014) 

− 0.0297*** 
(0.0034) 

− 0.0907*** 
(0.0172) 

Education 0.0040 
(0.0617) 

0.1364*** 
(0.0580) 

0.0310 
(0.0871) 

0.1497** 
(0.0910)  

Income 
0.2759*** 
(0.0759) 

0.1515** 
(0.0709) 

0.1466* 
(0.0985) 

0.1494* 
(0.0980)  

Frequency of visits to seashore 
0.2086** 
(0.1196) 

0.0323 
(0.1139) 

0.1971* 
(0.1505) 

0.1261 
(0.1588)  

Knowledge about mangroves 0.2321 
(0.1196) 

0.1257 
(0.1829) 

0.7465*** 
(0.2217) 

− 0.2819 
(0.3135)  

Constant − 1.1662 
(0.9958) 

− 0.9239 
(0.9294) 

− 3.2278** 
(1.3977) 

− 2.7653** 
(1.5690)  

Mean probability of class allocation 32.8% 32.8% 32.8% 1.6% 0.00% 
Log likelihood − 4527.81     
AIC 9167.62     
BIC 9544.4     

Notes: ***, **, * indicate significance at 1%, 5%, 10% level. 
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In more detail, respondents living closer to the seashore tend to be 
more willing to pay for mangrove restoration (Fig. 3), which is in line 
with previous research on distance decay effects on ecosystem valuation 
estimates (Danley et al., 2021). However, we do not observe a clear 
pattern when comparing the marginal WTP for other attributes between 
coastal and inland residents, which may be attributed to another factor 
such as the existence of mangroves in nearby sea areas (Fig. 3). For 
instance, we observe that respondents living in areas that contain 
mangroves would have higher WTP to increased fish capture and 
aesthetic values. This finding is consistent with recent research that local 
communities living near mangroves rely more on provisioning services 
than those far away from mangrove boundaries (Nyangoko et al., 2020). 
Furthermore, the aesthetic value could influence real estate prices (Vo 
et al., 2012), which may incentivize preference for this cultural service. 
A good example of this benefit is a previous mangrove restoration 
project in Wuyuan Bay, Xiamen City (Chen et al., 2012). A large business 
circle formed after the restoration around Wuyuan Bay, including the 
business sector, financial sector, real estate, etc., which boosted a huge 
development of real estate in Xiamen City (Xue and Dong, 2010). On the 
contrary, respondents living in coastal areas without mangroves would 
prefer climate regulation and typhoon protection, which shows the op-
portunity to establish blue carbon credits as a means of raising funds for 
mangrove restoration or other similar actions (Friess et al., 2022). 

Beyond the effects of location on preference heterogeneity, we also 
investigated how socio-demographic characteristics of the respondents 
affect heterogeneity. Overall, higher-income respondents (i.e. members 
of Class 1) are more willing to support and pay for mangrove restoration, 
which conforms to similar studies that household income has a positive 
impact on the protection of the mangrove forest (Iqbal, 2020) or 
acceptance of general ecosystem restoration initiatives (Martínez-Paz 
et al., 2021). In addition, our findings show that even though the edu-
cation level of members in Class 2 and 4 is higher than that of members 
in Class 3, the preference for restoration areas in Class 2 and 4 is not as 
positive as in Class 3. This disparity may be due to the generally higher 
mangrove knowledge among the members of Class 3. This suggests that 
mangrove-related education is imperative and more important than 
regular education when it comes to mangrove restoration in our case, 
something that has been identified in other ecosystem restoration 
(Garzón et al., 2020) and conservation (Ardoin et al., 2020) contexts. A 
higher frequency of visiting the seashore (i.e. Class 1 members) would 
also motivate respondents to pay for mangrove restoration, as such 
frequent visits can offer opportunities to directly experience, closely 
observe and establish connections with the coastal environment, 
thereby influencing respondent preferences (Hua et al., 2021). 

Overall, we found large heterogeneity in preferences for mangrove 
restoration. Respondents in Class 1 and 3, by virtue of having a higher 
visitation frequency to the seashore and more knowledge about man-
groves, were more likely to support a larger scale of restoration. This 
suggests the importance of mangrove-related education and interactive 
activities to enhance the support for mangrove restoration (Owuor et al., 
2019). In addition, Classes 2 and 4 preferred the increases in fish cap-
ture, while the other three classes opposed it. Class 1 also had the 
strongest preference for climate regulation and aesthetic values, while 
Class 3 and 5 opposed aesthetic value. Only the preference for typhoon 
protection is relatively homogeneous between classes (significant and 
positive value), except for Class 4. This implies a common preference by 
respondents throughout the LXB to promote mangrove restoration as a 
nature-based solution to protect the coastal communities from typhoons 
and other related natural hazards (Kumar et al., 2021). 

4.3. Implications for policy and practice 

The results reported in this paper can have important implications 
both for ecosystem/mangrove restoration locally (i.e. in the LXB) and 
more broadly (i.e. other regions), as well as choice experiment appli-
cations more widely. 

In terms of local implications, we find that residents in the LXB have 
a high prospective demand for mangrove restoration. This gives certain 
justification for the extensive mangrove restoration plans undertaken by 
the local and national governments in the region (see Section 2.1). 
Below we expand on two important findings that can inform restoration 
actions at the local level. 

First, the estimated WTP for mangrove restoration can be considered 
as the economic value of restored mangroves in the LXB (Hynes et al., 
2021). This can be used to inform the design and implementation of 
local incentive-based conservation approaches for mangrove restora-
tion, such as payment for ecosystem services (PES) schemes, as proposed 
in other choice experiments for ecosystem restoration (Pérez-Rubio 
et al., 2021). However, further research would be needed to actually 
design critical PES components for the LXB such as the payment struc-
tures, markets or incentives (Thompson and Friess, 2019). Coordinated 
policies and a conducive institutional environment will also be needed 
as the ecosystem is managed by multiple sectors who may often have 
contradictory political objectives (Afroz et al., 2016). 

Second, the result of this study, combined with findings from the 
same region about the residents’ preferences for mangrove ecosystem 
services (Su and Gasparatos, 2023) and priority areas for restoration (Su 
et al., 2022), can inform in a tangible manner the ongoing restoration 
efforts and related local decision-making processes to ensure that 
restoration actions meet ecological realities and human needs (Zimmer, 
2018). For instance, the homogenous need across respondents with 
different individual characteristics and from different locations to 
restore mangroves against coastal hazards, gives strong signals to 
restoration practitioners to identify appropriate areas (Su et al., 2022) 
and landscape design features (e.g. in terms of tree density and size, 
forest width) (Lee et al., 2021) to ensure the delivery of wave attenua-
tion functions from the restored mangroves. However, there is a need to 
also understand the priorities and vested interests of other powerful 
actors such as the government, businesses, and the private sector. 
Furthermore, our results suggest the strong effect of mangrove disser-
vices (increased mosquito populations in this study), which is in line 
with other non-mangrove studies using choice experiments (Toledo--
Gallegos et al., 2022) or other techniques (Wilson et al., 2019). Such 
disservices should be accounted in mangrove restoration planning and 
implementation in the LXB, and mitigated to the extent possible, e.g. 
through buffer zones between restored mangrove habitats and residen-
tial areas to reduce mosquito nuisance (Dworrak et al., 2022).3 We also 
find that respondents reporting a higher visitation frequency to the 
seashore and more extensive knowledge about mangroves, are more 
likely to support larger-scale restoration actions. This implies the critical 
need for local decision-makers to promote mangrove-related education 
and awareness-raising activities,4 as a means of enhancing public sup-
port for mangrove restoration in the LXB. 

In terms of implications for mangrove restoration in other regions, 
our study adds to the currently limited literature on preference hetero-
geneity in mangrove restoration (see Gap 1, Section 1). It is widely 
recognized that public acceptability affects significantly the ability to 
achieve ecosystem restoration goals (Walpole et al., 2020), and it is for 
this reason that the delineation of the heterogeneity of public prefer-
ences for mangrove restoration are valuable. For instance, our finding 
that WTP preferences both in terms of overall sum and justification (i.e. 

3 We must point that decisions over possible mitigation plans of disservices 
should be evidence-based and reflect not only the ecological and socioeconomic 
context of the restoration area, but also the acceptability of different stake-
holders and economic aspects such as the costs of construction and mainte-
nance, as well as possible opportunity costs (Knight et al., 2017).  

4 Such activities should reflect the cultural, demographics and socioeconomic 
realities of the LXB. Promising examples from other mangrove restoration 
contexts include mangrove education-based ecotourism (Khakhim et al., 2021) 
and environmental education (Sigit et al., 2019). 
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attribute preferences), varied widely by location (Section 3.2) and 
socio-economic characteristics (Section 3.3) could be useful in other 
geographical contexts that share similar characteristics. For example, 
under the right conditions (and while mindful of local contexts) the WTP 
estimates can be possibly used in restoration valuations for benefit 
transfer functions to inform restoration actions in other regions (Iftekhar 
et al., 2017). Furthermore, the factors affecting the heterogeneity of 
social acceptability could be used to foresee to some extent the accept-
ability of mangrove restoration in other regions, e.g. anticipate that 
residents who are wealthier and/or visit the seashore frequently are 
more likely to support mangrove restoration, especially for climate 
regulation and aesthetic value (Table 4). These could be particularly 
insightful for mangrove restoration actions in heavily urbanised con-
texts such as the LXB. Such insights could inform large-scale mangrove 
restoration during the United Nations Decades on Ecosystem Restoration 
and the implementation of the post-2020 Global Biodiversity 
Framework. 

Finally, in terms of the broader application of choice experiment for 
ecosystem restoration, by including a disservice as an attribute and 
observing the very distinct preferences for the different services and 
disservices, our study arguably emphasizes the importance of providing 
a balanced view of restoration actions. By solely presenting and 
considering the benefits of ecosystem restoration and by omitting 
possible negative outcomes such exercises may end up being biased and 
propagate incomplete information for decision-making. In this sense we 
argue for the need to consider both ecosystem services and disservices 
when eliciting the acceptability of ecosystem restoration actions 
(including through choice experiments) to enable more comprehensive 
and sustainable planning (Wilson et al., 2019). 

5. Conclusion 

Our study provides important insights into public acceptability and 
preferences for mangrove restoration. By accounting for heterogeneity 
in the elicited preferences through the random parameter logit model 
and latent class model, our results reveal that the respondents’ location, 
socio-demographic characteristics, interaction with the coastal envi-
ronment, and knowledge about mangroves significantly affect their 
acceptability and preference for mangrove restoration. Decision-makers 
should consider this heterogeneity in preference when designing, plan-
ning, and implementing mangrove restoration actions on the ground. 
Furthermore, in the context of the expanding mangrove restoration 
projects and related efforts in China and other countries under the UN 
decade on Ecosystem Restoration and the post-2020 Global Biodiversity 
Framework, these findings highlight the necessity for upscaling 
awareness-raising and education activities (including interactive activ-
ities) to enhance the public awareness and knowledge of mangroves. 
Albeit the significant heterogeneity in preferences, we also found that 
residents across the LXB have a uniform preference for coastal protec-
tion services from restored mangroves, emphasizing the need to ensure 
this function when designing restoration projects in the region. Overall, 
this study attempted to address two major knowledge gaps, namely the 
inadequate consideration of heterogeneity and ecosystem disservices in 
choice experiments for ecosystem restoration in general and mangrove 
restoration in particular. The findings of this study unravel the factors 
that have significant effect on the acceptability and preferences for 
mangrove restoration between the general population, which have im-
plications for the design and implementation of mangrove restoration in 
local and broader contexts. The significant effects of ecosystem disser-
vices on acceptability and preferences emphasizes the critical need of 
the comprehensive consideration alongside actual benefits in ecosystem 
restoration studies (including through choice experiment) and 
implementation. 

Although this study has explored the underlying sources of the het-
erogeneity in the preferences of the respondents, it is still unclear how 
these multiple and heterogeneous values and preferences can be 

incorporated meaningfully to set rational restoration objectives. Future 
studies could explore how to integrate these diverse values and prefer-
ences to set mangrove restoration objectives. In addition, although here 
we elicited the perceptions of residents across the LXB coming from 
different geographical, demographic and socio-economic backgrounds, 
future research could further identify the preferences in specific com-
munities (e.g. fisherfolk, aquaculture farmers) using other social science 
methods (e.g. surveys, focus group discussions, deliberative methods), 
to further understand their preferences, needs and expectations from 
mangrove restoration in order to tailor future restoration programs in 
the actual localities where they will be implemented. 
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