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Abstract: Worldwide, damage to mangroves is alarming. Restoration is required to recover mangrove
ecosystems, and communities’ involvement is a primary factor to reduce the threat to mangroves.
Their participation might be interpreted as the appropriate decision concerning conservation and
utilization of mangroves. Using a contingent valuation approach, this study assesses mangroves’
values to local communities through their willingness to contribute labor to obtain monetary value.
Results showed that the opportunity cost of time was valued at IDR 398.76 thousand (US$29.99) a
month or IDR 4.79 million (US$359.90) per year. A total annual benefit of mangrove restoration using
the wage rate of time (WRT) is IDR 143 billion (US$10.77 million) per year. Accessing such information
is crucial to making the appropriate decisions about conservation of mangroves within the context
of developing countries that have poor coastal communities and low incomes. Tobit regression
determined that five variables affect willingness to provide labor time and WRT significantly for
mangrove restoration. These findings can support decision-makers with the relevant information for
assessing a mangrove restoration project.

Keywords: mangrove restoration; contingent valuation method; willingness to contribute labor;
developing country; Mahakam Delta

1. Introduction

Mangroves produce ecological and economic services for humans. For instance, they protect the
area from tidal waves and erosion [1], improve water quality and control sediment [2]. Mangroves
also act as habitats and nurseries for fish, shrimp, and crab [3] and are sources of ecotourism [4].
Furthermore, mangroves provide approximately US$1.6 billion per year in ecosystem benefits
worldwide, thus supporting the economy in coastal areas [5,6]. However, the global threat to mangroves
has become gigantic in recent years. Mangroves have declined significantly worldwide, a decrease of
20% in the last 25 years [2,7]. Anthropogenic pressure, industrialization, and conversion in commercial
land uses have resulted in the loss of mangroves areas all over in the world [8]. In Indonesia, mangroves
have been declining rapidly. Giesen et al. [9] reported that approximately 33% of Indonesian mangroves
areas decreased between 1980 and 2000. In this period, 4.5 million hectares of mangroves areas fell to
under 3 million hectares. In many regions of Indonesia, population pressure and urbanization as well
as a conversion of mangrove areas into agriculture, industrialization, and coastal aquaculture are the
driving factors threatening mangroves. Indonesian mangroves are the most significant mangrove area
in the world with 3,112,989 hectares or 22.6% of the global total of mangroves [2,7]. Indonesia has the
greatest variety of species worldwide, accounting for 45 out of the 75 species.
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Many natural ecosystem benefits, including mangroves’ benefits, have the characteristics of pure
public goods, which means that people can receive the benefit they provide without reducing the
level of service received by another beneficiary (e.g., coastal protection, beautiful views, and carbon
sequestration). Also, mangroves act as quasi-public goods when the benefit of services by the recipient
at a particular level of use does reduce the degree of assistance obtained by others (e.g., feeding and
nursery services for fisheries). These characteristics provide the limitations of potential for private
incentives to manage sustainable mangroves services, and lack of markets for such services causes
market failure on mangrove ecosystems services [10]. As a result, mangroves are threatened and
degraded. Mangroves, moreover, are widely undervalued in both private and public decision-making
relating to benefit-cost analyses of conservation and restoration versus other commercial land uses [11].
Therefore, information on the economic value and accurate estimation for mangrove services as natural
capital are necessary for making the best choices relating to conservation and restoration of mangroves.

Mostly, mangrove services are undervalued in both private and public-policy relating their
non-market services. The lack of information on the economic value of mangrove services has led
to neglect in decision making, and the ecological benefits of mangrove as natural capital tends to be
rejected when compared directly with the economic value of other public investments [10]. As a result,
mangroves converted into the instantly profitable venture such as aquaculture, and coastal industries.
Relating to the problem of information in understanding the adequately economic value of mangrove
services, it is crucial to policy makers implementing the estimation of mangrove ecosystems values.

Furthermore, mangrove loss could lead to a diminishing of mangrove function as a nursery
ground for aquatic organisms, which in turn reducing the marine yield. As a result, the income of
communities whose mangroves-based livelihoods decline. Mangrove function, moreover, provides the
protected coastal area from natural disasters. Participation of local communities, therefore, is significant
to contribute to mangrove conservation and restoration.

The primary objective of this study is measuring the local communities’ willingness to contribute
labor (WTCL) for assessing mangrove restoration using the contingent valuation method (CVM).
This method is applied to measure the willingness to pay (WTP) of mangrove restoration in Mahakam
Delta. The adoption of money as a payment vehicle in contingent valuation (CV) is well known for
measuring the value of WTP of public goods and environmental quality. It, however, poses certain
limitations when applied in developing countries relating low disposable income and imperfect labor
markets [12,13]. Using a monetary payment vehicle can confine the households’ ability to allocate any
part of their income to the restoration program, related to having tight budgets and a low income.
We hope the results provide the estimation of the value of proper mangrove restoration and contribute
to decision makers in the planning of mangroves restoration actions that can embrace and stimulate
the willingness of local communities to be involved in mangrove conservation and restoration.

2. Materials and Methods

2.1. Study Area

This study was carried out in the Mahakam Delta located in Kutai Kartanegara Regency (Figure 1).
This regency is one of the regencies in East Kalimantan Province. The distribution of poor people in
this regency is 56.99 thousand people, which is the largest distribution of poor people in the province.
Kutai Kartanegara accounts for 26.77% of provincial poverty levels [14]. About 67.40% of poor people
in this area live in coastal and rural areas. Central Bureau of Statistics [14] reported that adult (15+)
literacy rate in Kutai Kartanegara was 1.48%.

Mahakam Delta consists of five sub-districts, including 20 villages. Total population and households
in this area are 99,347 individuals and 31,241 head households, respectively, with the primary occupations
being fishermen and fish farmers. About 32% of households in the study area are fishing households [14].
The Mahakam Delta covers 5200 km2 consisting of 1500 km2 of terrestrial area, 1000 km2 of the delta
front, and 2700 km2 of prodelta. The deposition of suspended solids has formed the delta, including
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46 small islands that have been shaped over time as the result of sediment [15–17]. The Mahakam
Delta has about 86 plants and 260 bird species as well as 86 species of freshwater fish, giving this area
as one of the highest levels of biodiversity in Indonesia. Bourgeois et al. [18] noted that around 1950,
the Mahakam delta was virtually uninhabited, and the original vegetation of mangroves grew in the
Mahakam Delta. The total area is about 106,000 hectares. Nypa dominates mangrove species covering
55% of the entire area. At the time, Mahakam Delta was home to the most prominent pure Nypa
vegetation in the world [19]. However, mangroves in this field are continuing to disappear. Recent data
from local government indicates that the mangrove forest in the Mahakam Delta is about 29,600 hectares.
Loss of mangrove forest from 1992 to 2009 is estimated at 72% [14].
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2.2. Data Collection and Survey Structure

We designed a structured questionnaire by conducting a pre-test survey on a sample of
30 randomly chosen households to ensure that respondents had accurate and sufficient information to
make them fully understand the hypothetical market situation. We arranged the questionnaire with
three parts. The first section describes the general information about current mangroves’ condition in
the study area. It also explains the impact of mangrove degradation on local communities’ livelihoods,
including the advantages of mangrove restoration programs. The second part was comprised of
questions for respondents regarding the WTCL for mangrove restoration program. The respondents’
duration of labor time was also requested in this part. The last part started by asking the respondents
about socioeconomic characteristics including age, gender, education level, income, occupation,
number of household members, and residence status. A sample of respondents is selected based on the
highest number of households in a village. Two villages (Tani Baru and Muara Pantuan) are currently
under the jurisdiction of the Anggana sub-district, and two settlements (Salok Palai and Saliki) are
under Muara Badak sub-district. The survey was conducted from April to June 2016 with face-to-face
interviews. It required between 30 and 45 min for completing interviews. Of the 380 distributed
questionnaires, 364 were completed.
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2.3. Analytical Framework

2.3.1. Determinants and Intensity of WTCL for Mangrove Restoration

Contingent Valuation Method (CVM) is a widely used economic valuation methods for ecosystem
and ecological services. In environmental economics, CVM is applied to estimate the monetary value
of changes in non-use values, non-market values or both of environmental resources [20,21]. CVM is
based on interviews with people regarding a contingent valuation survey that presents them with
a hypothetical scenario to elicit individuals’ maximum willingness to pay (WTP) or willingness to
accept (WTA). Money is a payment vehicle widely used in contingent valuation (CV) questions [22].
In developing countries, however, the application of money as a payment vehicle in CV becomes
limited, especially for low-income people who cannot contribute any part of their income for public
activities. As an alternative measure in CV, therefore, non-monetary payment in the form of labor
contribution is widely used in developing countries (e.g., [23–26]). As a payment vehicle for CV
studies, the theoretical framework of using time is used based on the concept of a time compensating
surplus comparable with a compensating surplus measure of monetary WTP [26,27]. Based on this
framework, we can express the welfare estimates of restoring mangroves in following:

V
(

M−WTCL, Z, q1
)
= V

(
M, Z, q0

)
(1)

where V denotes the indirect utility function representing the amount of time a respondent is willing to
labor (WTCL) for mangroves restoration and also helps to provide a change in environmental quality
from unimproved (q0) to improved (q1). The labor time contribution to mangrove restoration denotes a
payment that reduces availability in respondents’ time budget (M) for other activities. Z is the variable
indicating the vectors of the socioeconomic status of the respondents.

CV studies take various forms, including open-ended, dichotomous choice, multiple-bounded
dichotomous choice, iterative bidding, and payment cards. In this study, we adopt an open-ended
CV format to elicit each respondent’s WTCL for mangrove restoration. Respondents who were not
interested to contribute labor for mangrove restoration or did not accept the hypothetical scenario
defined in the survey were dealing with as having zero values [28]. Strazzera et al. [29] stated true zero
values could be covered in CV analysis using Tobit model. This model accepted zero values, but it is
not observed because of censoring at zero. Application of Least Squares Estimation in open-ended bid
formats often produces biased and inconsistent parameter estimates when a dependent variable in the
model is censored [30]. Also, useful information will be missing, and there is sample selection bias into
the model if we reduce zero values from the sample set. Therefore, the maximum likelihood estimation
technique of the Tobit model is used to provide unbiased and suitable parameter estimates [31].

y∗i = x′ iβ + ei, ei ∼ N
(

0, σ2
)

(2)

where, y∗i is latent or unobserved willingness to labor for mangrove restoration; β is unknown
parameter vector to be estimated; x′ i is a vector of explanatory variables, ei is an independently
distributed error term assumed to be normally distributed with a zero mean and constant variance σ2;
and i = 1, 2, . . . , n represents individual in the sample. The observed dependent variable (y) as
follow [32]:

yi =

{
y∗ if y∗ > 0,
0 if y∗ ≤ 0.

(3)

The likelihood function for Tobit model as follows:

L = ∏
yi=0

[
1− φ

(
x′ iβ

σ

)]
· ∏

yi>0

1
σ
∅
(

yi − x′ iβ
σ

)
(4)
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where φ and ∅ are the distribution and density function, respectively, of the standard normal variable.
β represents a vector of Tobit maximum vector likelihood estimates; and σ is the standard error of the
error term.

2.3.2. Marginal Effects

Marginal effects are the change of predicted probability related to changes in explanatory variables
of Tobit model [33]. Marginal effects explain the effects of a given explanatory variable on the
probability of dependent variable, which coefficients of Tobit model are not able to interpret directly.
The formula can be shown as follows:

∂E[y∗]
∂xk

= βk (5)

2.3.3. Conversion of Labor Contribution into Monetary Value

In this study, respondents who have positive responses to WTCL provide labor contribution.
Meanwhile, those who do not respond to the hypothetical scenario of CV survey are treated as having
zero values. Labor contribution will be converted into monetary values to determine the economic
value of mangrove restoration based on the assumption that voluntary time of respondents will
require an opportunity cost. Respondents who are willing to contribute as labor will be asked about
their expected wage rate (IDR per hour) if they are to get paid. Thus, WTCL can be converted into
monetary value. The expected wage rate of respondents is used to identify the opportunity cost of
time contribution for mangrove restoration.

Arbiol et al. [26] noted that the opportunity cost of time could be valued using the average
wage rate of time (WRT) if respondents undertook trade-off between working time and time
spent contributing. Therefore, the opportunity cost of time can be estimated in a comparatively
straightforward approach using the average wage rate of time (WRT) as described in Equation (6):

Average WRT =
∑[WTCLi × wi]

n
(6)

where, WTCLi denotes WTCL for mangrove restoration by respondent i; wi represents the expected
wage of respondent i, and n is the total number of respondents in the sample.

3. Results

3.1. Descriptive Statistics

Table 1 presents descriptive statistics of those surveyed. On average, labor time contribution of
interviewees is 9.18 h/month with the distribution ranging from 0 to 80 h/month. Of the 360 samples,
261 respondents (71.70%) were willing to contribute to mangrove restoration programs, while
103 respondents (28.30%) were not willing and gave a zero value. About 79% of respondents in
the study area are male and dominated by households who have three members. The average age of
respondents is in the productive life phase indicated by the mean actual age that ranged from 31 to
40 years. We found that 34% of occupation types in the study area were fish farmers and immigrants
(66%). On average, education level of respondents is primary school, implying that their work does
not require any education background. The average monthly income of respondents ranged between
IDR 2 million and IDR 2.9 million (US$150.42 to US$218.11).
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Table 1. Descriptive statistic of the sampled respondents.

Variables Description Mean Std. Dev Min Max

1. Dependent

Labor time
Number of hours that households are willing
to contribute labor time per month on
mangrove restoration program

9.18 10.99 0 80

Wage rate of time

Monetary compensation per labor time
received by the household for mangrove
restoration program (in IDR
thousand/month)

398.76 625.76 0 6400

2. Independent

Gender 1 if the respondent is male; 0 if female 0.79 0.41 0 1

Age 1 = below 20; 2 = 20–30; 3 = 31–40; 4 = 41–50;
5 = 51–60; 6 = over 60 3.38 1.03 1 6

Family size Family size of respondents 2.94 1.52 0 7

Occupation 1 if the respondent is fish farmer;
0 if otherwise 0.34 0.47 0 1

Residence status 1 if the respondent is indigenous;
0 if immigrant 0.34 0.48 0 1

Education
1 = never; 2 = primary school;
3 = secondary school; 4 = high school;
5 = university degree

2.18 0.98 1 5

Income (Million IDR) 1 = less than 1; 2 = 1–1.99; 3 = 2–2.99;
4 = 3–3.99; 5 = 4–5; 6 = more than 5 3.18 1.45 1 6

Planting of
mangrove seedlings

1 if respondent wants to participate in
planting of mangrove seedlings;
0 if otherwise

0.37 0.48 0 1

Responsibility
The responsibility of the local community to
mangrove restoration.
1 if respondent agrees; 0 is disagree

0.90 0.30 0 1

Nursery 1 if mangrove benefit as nursery ground;
0 if otherwise 0.40 0.49 0 1

1 USD = IDR 13,296 at the time of data collection.

Regarding the participation of respondents in mangrove restoration, we asked respondents to
select the options of planting mangrove seedlings, monitoring plants’ progress and protecting the
mangrove area. Only 37% of respondents chose the planting seedlings, and 63% wanted the other
options, including respondents were not willing to participate. On average, 90% of them agreed that
the restoration of mangroves was their responsibility. The data also shows about 40% of respondents
recognize that mangroves ecosystems are a nursery ground for aquatic organisms.

3.2. Interest of Household in Salaried Work

Respondents were asked to express their interest in working if money was available as
compensation with some questions regarding their passion. If willing to work, they were offered
the participation types consisted of planting of mangrove seedlings, monitoring of plants progress,
and mangrove areas protection. As mentioned earlier, only 261 households or 71.70% were willing
to contribute to mangrove restoration. We offered them some alternatives of participation including
the planting of mangrove seedlings, monitoring of plants’ progress, and mangrove areas protection.
Table 2 reveals that among 261 households, 134 (51.34%) select planting of mangrove seedlings as
their preferences, 86 homes (32.95%) choose the monitoring of plants’ progress and the remaining
41 households (15.71%) select mangrove areas protection.
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Table 2. Restoration work preferences of households.

Participation Frequency Percent Cumulative

Planting of mangrove seedlings 134 51.34 51.34
Monitoring of plants progress 86 32.95 84.29

Mangrove areas protection 41 15.71 100.00

3.3. Labor Time and Wage Rate of Time (WRT)

As explained in Section 2, households were asked whether they would be willing to contribute
labor for the mangrove restoration program. Those who were ready to participate were then asked
how many hours per day, how many days per week and how many weeks per month they would
be prepared to contribute. Results in Table 3 show that households that select labor time below 10 h
per month or 2.5 h per week are dominant, with 143 respondents (54.79% of the sample), followed by
10–30 h per month of 101 households, or 38.70%. Labor time with a duration of 51–70 h per month and
length of above 70 h per month are the fewest working hours that participants choose, namely three
households (1.15%) and one family (0.38%), respectively.

Out of the 261 households, about 66.28% (n = 173) have a WRT amount below IDR 500 thousand
(US$37.61) per month with a contribution time between 4 and 16 h per month. Besides, about 59 households
or 22.61% have WRT value range between IDR 500 thousand (US$37.61) and IDR 1 million (US$75.21)
monthly with contribution time between 8 and 36 h per month. Only 2.68% of respondents or seven
households have WRT value above IDR 2 million (US$150.42) per month with contribution time between
36 and 80 h per month.

Table 3. Distribution of willingness to contribute labor time and wage rate of time (WRT).

Labor Time (Hours/Month) WRT

Hours/Month Freq Percent Cumulative IDR 000/Month Freq Percent Cumulative

>10 143 54.79 54.79 >500 173 66.28 66.28
10–30 101 38.70 93.49 500–1000 59 22.61 88.89
31–50 13 4.98 98.47 1001–1500 16 6.13 95.02
51–70 3 1.15 99.62 1501–2000 6 2.30 97.32
70< 1 0.38 100.00 2000< 7 2.68 100.00

1 USD = IDR 13,296 at the time of data collection.

3.4. Monetary Value of Mangrove Restoration

The opportunity cost of time using the average wage rate of time where households are WTCL
to mangroves restoration is valued at IDR 398.76 thousand (US$29.99) a month or IDR 4.79 million
(US$359.90) per year. The estimated benefits of mangrove restoration were determined as the estimated
annual opportunity cost of time, the number of households, and the questionnaire response rate
(see Appendix A). Table 4 shows that the number of homes living in the Mahakam Delta was 31,241.
Of 380 questionnaires distributed, 364 respondents responded (thus, the survey response rate was
computed as 364/380 = 0.96). Therefore, a total annual benefit of mangrove restoration using the WRT
of IDR 143 billion (US$10.77 million) per year. These values reflect 0.12% of GDP of Kutai Kartanegara
Regency, valued at IDR 117,461 billion or equivalent to US$8.83 billion [19].
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Table 4. Economic value of mangrove restoration.

Description

Number of samples (respondent) 364
Number of distributed questionnaires (respondent) 380

Questionnaire response 0.96
Number of households (person) 31241

Opportunity cost of time (IDR million/year) 4.79
Annual benefit (IDR billion/year) 143

1 USD = IDR 13,296 at the time of data collection.

3.5. Parameter Estimates of Willingness to Contribute

Table 5 shows the results of the estimated parameters and marginal effects of the independent
variables that were hypothesized to influence households’ WTCL time and WRT for mangrove
restoration. The estimated Tobit model is determined to be the good fit of the model as the value of the
Likelihood Ratio-Chi-Square test (124.88) is significant at 1% level of significance. Of 10 independent
variables considered in the Tobit model, five variables affect willingness to provide labor time and
WRT significantly for mangrove restoration. Based on the obtained results, for labor time, planting of
mangrove seedling and responsibility variables are statistically significant at 1% and have a positive
coefficient. The estimated coefficient for nursery depicting mangrove’s biological function as a breeding
ground for fish, shrimp, and crab is also positive and significant at the 5% level. Meanwhile, family
size and income variables are considerable at 1% and have a negative coefficient. The results in Table 5
also indicate gender, planting of mangrove seedling, and responsibility variables have a positive
coefficient with statistically significant influence on WRT at 10%, 1%, and 5%, respectively. Family size
and income variables, meanwhile, are statistically significant at 1% and have a negative coefficient.

Table 5. Tobit model estimates of willing to labor (WTCL) for mangrove restoration.

Variables
Labor Time WRT

Coeff t-Value Marginal
Effects Coeff t-Value Marginal

Effects

Constant 7.45 * 1.73 114.08 0.46
Gender 1.19 0.74 0.03 165.27 * 1.79 0.09

Age 0.71 1.09 0.02 51.69 1.40 0.03
Family size −1.87 *** −4.06 −0.05 −81.7 *** −3.10 −0.05

Resident −1.64 −1.15 −0.05 −62.78 −0.77 −0.04
Occupation 0.53 0.33 0.02 −21.99 −0.24 −0.01
Education 0.43 0.61 0.01 18.14 0.45 0.01

Income −3.51 *** −6.55 −0.10 −170.42 *** −5.56 −0.10
Planting of mangrove seedlings 7.98 *** 5.52 0.23 592.2 *** 7.17 0.33

Responsibility 8.37 *** 3.45 0.24 361.74 ** 2.59 0.20
Nursery 3.32 ** 2.45 0.10 99.96 1.28 0.06

Log Likelihood −1090.46 −2135.96
LR χ2 (10) 124.88 *** 122.48 ***
Pseudo R2 0.0542 0.0279

***, **, and * indicate significance level at 1%, 5%, and 10% respectively.

Gender has a significantly positive relationship with WRT (p < 0.10) that indicates male
respondents expect to obtain considerably higher WRT in mangrove restoration programs than female
respondents do. The marginal effect of gender presents that when households that contribute labor time
for restoring mangroves are male, the probability of WRT increases by 9%. Furthermore, the parameter
estimate of the family size variable is negative and significant toward both labor time contribution and
WRT with the p-value less than 0.01. It expresses that households with larger family size contribute
less WTCL time and expected WRT than households that have relatively smaller family size. The result
of the marginal effects in Table 5 also displays that when the family size of the household increases by
one member, then the probability of a household’s WTCL time and expected WRT declined to 5%.
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Similarity, the other variable that had a negative and significant effect on both labor time
contribution and WRT was income with the p-value less than 0.01. This indicates that households
with lower income contribute more WTCL time and expected WRT than those with higher incomes.
The marginal effect shows that a one-rupiah increase in a household’s income will decrease the
probability of WTCL time and expected WRT to 10%.

Additionally, planting of mangrove seedlings as participation type selected by the household has
a positive and significant influence on both labor time contribution and WRT (p < 0.01). It demonstrates
that a family that chooses this participation type has more WTCL time and expected WRT than other
participation models. The marginal effect also shows that when a household that decides to plant
of mangrove seedlings increases by one family member, the probability of a household’s WTCL
time and expected WRT increases by 23% and 33%, respectively. Interestingly, WTP results reported
by Susilo et al. [34] shows that a household who selects planting of mangrove seedlings tends to
be less willing to pay for mangrove restoration, or in other words, respondents who selected other
participation types such as the monitoring of plant progress and the protection of the mangrove area
are more willing to pay. Thus, this WTCL result confirms that a household prefers to donate time to
contribute labor than to pay.

As expected, households that agreed about the protection of mangroves have a positive sign and
significant effect on both labor time contribution and WRT with the p-value less than 0.01 and 0.05,
respectively. It proves that households are willing to contribute more time for labor and expected WRT
toward mangroves protection. Correctly, the marginal effect shows that every home that agrees to be
responsible for mangrove protection increases the probability of labor time by nearly 24% and the
chance of WRT by 20%.

As explained earlier, mangroves have multiple benefits such as providing a nursery ground for
aquatic organisms, protecting coastal areas from tidal waves and erosion, improving water quality,
controlling sediment and encouraging ecotourism. Households that selected mangroves as nursery
ground are more willing to make a contribution of labor time than other chosen benefits. Results from
the marginal effects also show that when a household that picked it increases, it also increases the
probability of a family being willing to contribute labor to 10% and expected WRT increases by 6%.

4. Discussion

Some attractive finding emerged from the study. Firstly, compared to Reference [32], results
revealed that WTCL values based on a labor payment vehicle provided a higher mean than the mean
WTP value under a monetary payment vehicle. In line with studies conducted by Hung et al. [25],
households in this study are more likely to state a real WTCL than to donate money for mangrove
restoration. Contrary to the situation in developed countries, where payment vehicles are appreciated
only in money terms, in a context of developing countries, payment vehicles as a donation or a pay
money are impractical for poor households with tight budgets. Thus, households cannot convey their
appreciation of environmental programs.

Secondly, family size and income have a significant effect with a negative sign on the willingness
to contribute. It is possible that households with larger family size dedicate more attention to their
families and have a high cost of living. Therefore, they are too busy with their primary occupations
to meet the needs of their family and cannot spare the time or less willing to contribute labor to
mangrove restoration. Furthermore, the tendency of the household with higher income is to be less
willing to give work than households with lower incomes are. This finding might be explained because
mangroves ecosystems are public goods, and the presence of free-riding behavior in the valuation of
common-property resources causes small WTCL values. However, in comparison with WTP results
from Susilo et al. [32], although not statistically significant, a household’s income has a positive sign,
showing that those with higher incomes are more willing to pay for mangrove restoration. It revealed
that those who have lower earnings in the study area were more willing to donate time than to give
money for mangrove restoration. According to Arbiol et al. [26], within the context of developing
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countries, the use of labor time as a payment vehicle in CV is more precise than the use of money,
related to the fact that disposable income is low [13].

Another finding is that planting of mangrove seedlings as one of participation type has a
significant influence with a positive sign on the willingness to contribute. The local community is
familiar with mangrove planting programs. Since mangroves have been massively degraded in
the study area, the local community is aware of mangrove planting activity. Governments, NGOs,
the private sector and universities have raised funds and involved local communities in planting
mangrove seedlings as part of mangrove restoration actions.

Lastly, this study also examines households’ responses towards their responsibility and their
knowledge about mangroves’ functions with the willingness to contribute to mangrove restoration.
This study revealed that households believed that they were also responsible for the sustainability of
mangrove forests were willing to provide more. This finding is essential in this study because it shows
that if households’ responsibility is enhanced, they will provide more value for restoring mangrove
ecosystems. Similar to the results by Tuan et al. [34], local community’s awareness and responsibility for
the impact of climate change provided significant implications toward their willingness to participate
in mangrove restoration. Furthermore, knowledge about mangrove functions may increase local
community interest in participating in mangrove restoration. Fish farmers and fishermen are the
occupation type that dominate in the study area. Those who recognized that mangroves function as a
nursery ground for aquatic organisms and provided benefits for their communities had higher levels
of willingness to contribute.

These findings of the study must be explained to deal with several limitations. First, use of an
expected wage of households to identify the opportunity cost of time contribution might result in
overestimation. For instance, in comparison, we use a minimum wage stipulated by the Governor
of East Kalimantan Province Regulation No 561/K.573 of 2016 to replace the using of expected
wage from of households. This regulation stipulated minimum wage for 2017 is IDR 2.33 million
(US$175.96) a month. According to Indonesian labor law No 13 of 2003 that the working hours are
40 h a week or 160 h a month, thus, the minimum wage used is IDR 14.62 thousand (US$1.10) an hour.
The opportunity cost of time under a minimum wage brings the value of mangrove restoration down
to 3.24 times from an expected wage. Future studies could be considered by offering to respondents
regarding an expected wage by households and a minimum wage stipulated by the local government
simultaneously and then compare them to identify the true preference of respondents in determining
willingness to contribute labor.

Another limitation of is that some variations of WTCL values are found regarding the large range
between some zero responses and a few high WTCL values (maximum 80 h/month) when using an
open-ended question format. The way this form was applied made it less sensitive to components in the
questionnaire, and the lack of incentive compatibility gives rise to a free-ride from respondents [26,35].
It is an exciting finding that merits further studies to explore the use of dichotomous question formats.
Loomis [36] noted that the dichotomous question format is a suitable incentive device for respondents
to express true preferences about a provision of the goods.

5. Conclusions

In this study, using CVM payment in a labor contribution design, we attempt to convert labor-time
donation of households to monetary value of the benefits that local communities receive from
restoration of mangroves. Also, we also identify how socio-economic characteristics of families
and their awareness affect whether they are willing to contribute labor to mangrove restoration.
This study shows that the average homes in the study area ready to provide work to the restoration
program. Furthermore, the study findings indicate using labor-time contribution as a CVM payment
vehicle is acceptable to households in the Mahakam Delta. The use of opportunity cost of labor affords
estimates of economic value of mangrove restoration to provide the relevant information for assessing
a mangrove restoration project.
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Evidence from the study demonstrates that socioeconomic characteristics of households such as
family size and income are significant factors that influence the household’s willingness to contribute
labor for mangrove restoration. Also, policy should focus on considering responsibility, participation
type and knowledge of local communities to participate. Furthermore, information on benefits and
economic values of mangrove services should be regularly disseminated through education and
communication programs to enhance awareness of the sustainability of mangrove services.

Lastly, despite its limitations, this study contributes to the limited literature on the economic
value of mangrove restoration and also adds to the literature on the use a CVM using specific payment
forms for elicitation of preferences within the context of developing countries.
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Appendix A. Questionnaire on Mangrove Restoration in Mahakam Delta

As described, mangrove restoration aims to restore ecological functions in support of human life.
The benefits of mangrove restoration program are:

• Increased of habitats for fish, shrimp and crabs that support the community’s livelihoods;
• mangrove vegetation provides new livelihood options for the local community through ecotourism

activities; and
• Mangrove vegetation protects coasts from damage by tidal waves, hurricanes, and tsunamis;

The implementation of this program requires people to contribute by providing their share of labor
time on a continuing basis if they want to enjoy the advantages that the mangroves restoration offers.

Contingent question:

(1) Would you be willing to contribute labor for the mangroves restoration program?
(2) If yes, how much time are you willing to give in voluntary work in support of the program?

(a) Hours per day ( )
(b) Days per week ( )
(c) Weeks per month ( )
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