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Abstract

Mangrove forest is one of the important ecosystems in Karimunjawa, Indonesia. It provides a
variety of services both ecologically and economically. However, over-exploited activity, such as
timber theft, can be threatening the sustainability of mangrove forest in Karimunjawa now and in
the future. Thus, the improved management for mangrove forest is necessary to ensure its
sustainability, and it is depending on how people value the conservation from economic and
environment consideration. This study examines the factors influencing on the willingness to pay
(WTP) of respondents for mangrove restoration in Karimunjawa. A total of 502 respondents were
interviewed using census method. The method employed is Contingent Valuation Method (CVM)
Single Bounded. In CVM, the logit model was defined based on dichotomous choice method to
estimate the willingness-to-pay (WTP) randomly with three different starting bid value. Findings
showed that local awareness of the importance of the values given by mangroves was popularized
among local communities. The findings also indicated that respondents who are higher education
and have more income were more likely to pay for the mangrove restoration.
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Penilaian Ekonomi dalam Pemulihan
Hutan Bakau Di Indonesia

Abstrak

Hutan bakau adalah salah satu ekosistem penting di Karimunjawa, Indonesia. Hutan ini
menyediakan berbagai layanan ekologis dan ekonomis, tetapi kegiatan eksploitasi yang berlebihan,
seperti pencurian kayu, dapat mengancam keberlanjutan hutan bakau di Karimunjawa saat ini
dan juga di masa depan. Dengan demikian, peningkatan manajemen hutan bakau diperlukan
untuk memastikan keberlanjutannya, dan itu tergantung pada bagaimana orang memberikan nilai
pada konservasi dari pertimbangan ekonomi dan lingkungan. Studi ini mempelajari faktor-faktor
yang mempengaruhi pada kemauan untuk membayar (WTP) responden untuk restorasi hutan
bakau di Karimunjawa. Total 502 responden yang diwawancarai menggunakan metode sensus.
Metode yang digunakan adalah Contingent Valuation Method (CVM) Single Bounded. Di CVM,
model logit didefinisikan berdasarkan metode pilihan dichotomous untuk memperkirakan WTP
secara acak dengan tiga nilai tawaran awal yang berbeda. Temuan menunjukkan bahwa kesadaran
lokal tentang pentingnya nilai-nilai yang diberikan terhadap hutan bakau dipopulerkan di
masyarakat setempat. Temuan lain juga mengindikasikan bahwa responden yang berpendidikan
tinggi dan berpenghasilan lebih banyak, lebih suka membayar kegiatan restorasi hutan bakau.

Kata kunci: penilaian ekonomis, hutan bakau, Karimunjawa, Indonesia
Klasifikasi JEL: Q51, Q57
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1. Introduction

The great potency of Indonesia’s territorial
waters and richness of the Indo-West Pacific
seas further add to the country’s biodiversity. It
supports a rich variety of coastal and marine
habitats. Karimunjawa is 6th largest of Indone-
sia’s marine national park (Campbell, et. al.,
2012). There are several types of ecosystem in
Karimunjawa National Park, such as coral reef,
sea grass and seaweed, mangrove, coastal for-
est, and tropical rain forest (BTNKJ, 2014).
Nowadays, the actual condition of mangrove
forest in Karimunjawa is not known well,
though the community has taken advantage of
certain types of mangrove to fulfill their needs.
Moreover, over-exploited activity which can be
threatening mangrove forest starts to be
revealed, such as timber theft. Given these
threats, improved management is necessary to
ensure the sustainability of mangroves
resources in Karimunjawa now and in the
future. The success of mangrove conservation
management will be depending on how people
value the conservation from economic and envi-
ronment consideration.

Mangrove ecosystem offers a huge number
of goods such as food, fuel wood, timber, honey,
and tannins. For the ecological im-
portance, it is widely recognized for being an ef-
fective sediment trapping, shorelines protection
from erosion, nutrient cycling, and being a nat-
ural habitat for fish and crustacean. Besides,
mangrove ecosystem also has aesthetic, cul-
tural, and historical value (FAO, 2007). Due to
these multi-advantages, it causes mangrove
ecosystem as well as the one of important re-
sources in the coastal area.

In general ways, mangrove ecosystem is
threatened by the increasing consumption pres-
sure as the impact of the population explosion,
unsustainable production of fish and prawns,
and mixing of waste water effluents from urban-
industrialization area and oil-spill (Datta, et. al.,
2012). Even though some studies had been con-
ducted to estimate the extent of mangrove in
worldwide, the different technic and methodol-
ogy used in the research subjected to different
results of the extent of mangrove ecosystem.
Furthermore, due to uncertain boundary of
mangrove ecosystem, it is also difficult to have

wax,

an actual report related to the extent of man-
grove ecosystem, whether it were in a good or
damaged condition. Though mangrove ecosys-
tem in Indonesia has been declining drastically
in recent years, nevertheless, Indonesia stands
for the country with the largest mangrove eco-
system in Asia, and worldwide.

The rehabilitation of the damaged man-
grove ecosystem can be done by restoration
efforts. Restoration is defined as an effort to
recover the degraded forest area to the original
condition or close to it (Whitten, et. al., 2000).
But it needs to be emphasized that community
involvement may be a key factor in intensifying
the potential for successful mangrove restora-
tion (Ellison, 2000). The logical reasons for this
argument are (a) more often agencies have lim-
ited budget to implement their planned restora-
tion effort and manage it. They can leverage
their small budget from the community contri-
butions of cash, labor, physical resources and
management input, (b) any restoration effort
against the community’s wish may result in a
potential backlash and a unsuccessful program
(Stone, et. al., 2008).

The value of mangrove restoration is an
irreversible loss, which should be conserved as
it brings a sense of belonging. There are many
competing and important projects that will need
government funding. Therefore, the qualifica-
tion of government projects in monetary terms
allows policy makers to prioritize conservation
programs and projects with limited and tight
budgets. Proper conservation guidelines and
implementation could halt further irreversible
loss of mangrove restoration so that present and
future generations would be able to enjoy and
experience them first-hand.

The community willingness to be involved
to the mangrove ecosystem restoration effort is
widely measured using economic valuation
approach by Contingent Valuation Method
(CVM). CVM is a survey-based method which
goods are traded in a constructed or hypothet-
ical market. This method was originally pro-
posed by Ciriacy and Wantrup (1974), and was
implemented by Davis (1963) and Armirnejad,
et. al., (2006), and is being the most frequently
used stated preference technique for estimating
non-market values. CVM is called contingent
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because respondents were asked to state their
willingness-to-pay (WTP) contingent upon the
environment or other hypothetical market built
(Chea, 2013). Thus, the approach used to de-
termine individual’s willingness for the pay-
ment of the environment usage and utilization.

The comprehension due to this concept,
however, allows the policy makers to manage
and to utilize a wide range of natural resources
and environment at the most effective and effi-
cient level, and enable to distribute the conser-
vation benefit and cost in a conscionable way.
Referring to the description of the background,
to estimate the communities’ willingness to be
involved in mangrove ecosystem restoration
through willingness to pay (WTP), further
studies are needed to be carried out. The objec-
tives of this researches to estimate the commu-
nity participation towards the restoration of
mangrove forest in Kemujan Island — Kari-
munjawa. Kemujan Island is the second-largest
island (1,500 ha), which is adjacent to Kari-
munjawa Island and has the only airport in the
group (Dewadaru Airport). Karimunjawa and
Kemujan are connected by approximately 350 m
of mangrove forest and a bridge, so it appears to
be one single island (Susanto, 2014).

2. Research Method

The concept of economic valuation has attracted
important attention in many studies related to
coastal development (Tuan, et. al., 2014; Stone,
et. al., 2008; Wegner and Pascual, 2001; and
Hammit, et. al., 2001). It is claimed that the
concept can be easily applied and obviously re-
deem the damaged coastal area. According to
Choi et.al. (2009), the interest of valuation is es-
timating the total economic value, which
includes not only use values but also intangible
non-use values which were not normally cap-
tured in the private market transactions. Total
economic value can be estimated using stated
preference non-market valuation techniques.
When reliable market data are not available,
researchers may need to create a hypothetical
market to elicit consumers’ preferences. Stated
preference (SP) techniques were used on the
event that required WTP information that can-
not be obtained from the markets. It is relevant

to case of conserving mangrove ecosystem be-
cause there is no market exists (Bateman and
Turner, 2002). Majority of conservation studies
used the CVM because of its ability to measure
both the use and non-use values of resources
and elicit the monetary value of a change in a
public good and services. The type, credibility
and acceptability of the payment mechanism
described in the survey questionnaire can affect
the WTP values.

CVM is a survey-based approach that in-
volves developing a hypothetical market, by di-
rectly asking to an individual to state his or her
willingness to pay (WTP) for the environmental
service conserved in a particular location and/or
willingness to accept (WTA) as the compensa-
tion for any damages (Mitchell and Carson,
1989; Pearce and Turner, 1990). In this re-
search, CVM was used for valuing mangrove
ecosystem restoration, and it aims to assess the
willingness to pay of communities for the resto-
ration of mangrove ecosystem. CVM is generally
divided into six stages: (1) setting the hypothet-
ical market; (2) obtaining bids; (3) estimating
mean WTP; (4) estimating bid curves; (5) aggre-
gating the data; (6) evaluating the CVM exer-
cise (Hanley and Spash, 1993; Vo et.al, 2012;
Tuan et.al, 2014). Setting the hypothetical mar-
ket for the improvement of the asset sets up the
reason for payment but the payment is not
actually collected. The survey instrument where
the fee payment is determined, what type of
project is it, and how funds are collected is de-
scribed at this stage. Bid (the maximum WTP
for the improvement project) can be gathered
using dichotomous choice (DC). Single bounded
DC-CVM involved in determining a range of
bidding price, while each respondents was
asked just a single bid that indicates his or her
maximum WTP value for that particular good
(Abdullah, 2015). In this method, the respond-
ents are only asked to state their “yes” or “no”
response to the offered bid amount. The initial
bids are varied among individuals in order to
gather more information about the true WTP
distribution (Venkatachalam, 2003).

The decision whether the respondents
willing to pay the restoration charge or not is
based on the assumption that when people faced
with a possible set of discrete choices, they will
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select the alternative that maximizes their util-
ity. Hence, this model, assumes that an individ-
ual is willing to pay the bid amount (B) only if
they gain value by enhancing the conservation
and maintenance is generating utility, which is
equal or greater than their utility when no
charge is made and the ecosystem is maintained
at the current or lower levels. This can be ex-
press as follows:

U@1,Y-B;S)>U(0,Y;9 1)

where x = 0 refers to the acceptance of current
level for mangrove conservation in Karimun-
jawa National Park and x = 1 is the condition of
improved levels for the mangrove ecosystem
restoration; Y is the income, B is the offer, and
S is other socio-economic characteristics
affecting preference, that may affect the WTP
decision.

The utility function can be algebraically de-
fined as the sum of its non-stochastic and sto-
chastic components:

U xY;S) =V x,Y;S +€x, 2)

where x =0, 1

U1, Y-B;S) +&>U(0,Y;S) + & 3)

where €0 and €1 are the identically, independent-
ly distributed random variables with zero
means. The utility difference (AU) could be
measured using:

AU=U (1, Y-B; S) - U (0, Y;S) + (€1-€0) 4)

An approximation of utility difference can be
used for the empirical analysis:

AU =a + BB +yY + 6S 5)

Therefore, the more a respondent pays (the
amount money of B is more), the lesser utility
they will obtain. The maximum WTP represents
the situation that monetary value is so high.

The utility that the respondents received from
the usage of the mangrove ecosystem are as-
sumed lesser than the charge amount. There-
fore, the utility gained from the mangrove eco-
system would be equal to the situation when no
charges. It can be shown as:

WTP max = [U (1, Y-B;S) + £1=U (0, Y;S) + &o] 6)

An additional consideration specified by
economic theory is that maximum WTP is
bounded by their ability to pay. Income is sup-
posed to be upper bound on WTP. Assumption is
that the respondents know which choice will
maximize their utility, this choice is not clear to
the researcher because of unobservable compo-
nent which make the utility function more com-
plicated. Therefore, the respondent’ response
can be expressed in a probabilistic framework.
Thus, individual’s choice is considered as a ran-
dom variable that the probability of its distribu-
tion is given by:

Py=P (WTP)=P [U (1, Y-B;S) + €] 7)

Pn = P (willingness not to pay) = 1 — Py 8)

The difference in the error terms represented by
n = €-& and Fn (.) corresponds to the cumula-
tive density function (cdf) of n. Thus, the proba-
bility of WTP can be written as:

Py = Fn (AU) 9)

The term Fn (AU) is a random variable,
which implies the cumulative probability distri-
bution function of the respondent’s maximum
WTP. In the logit model, Fn () is cdf of a stand-
ard, logistic variant. It can be further expressed
as:

Py=Fn (AU) =1/1 + exp (AU)

Py=1/1+exp (-[aBB + yY + 6S]); 10)
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when B<0; y>0; and 6>0

An alternative way to demonstrate the bi-
nary response probabilities in eq (7) can be
expressed as:

Py = P (WTPmax > B)

Py = 1 — GWTP max (B) = Fn (AU (B)) 11)

The GWTP max (.) refers to the cdf of
WTPmax. The term Fry (AU (B)) denotes that
the P (WTPmax > B) is a function of the differ-
ences in the distribution in the error term (Fn).
This can be redefined as a function of changes
in the observable components of utility (AU).
Accordingly, the observable components of the
utility function are x, Y, and S. The term (AU) is
affected by (B) affects (Y) which is an argument
of the utility function U(x,Y,S).

Bishop and Heberlein (1979), applied a par-
ticular form of the logit function to analyze data
from CVM. WTP is random and non-negative
variable, the mean WTP is:

WTPmax = Expected value of WTPmax
E(WTPmax) = [,°[1 — GWTPmax(B)] dB; 12)

where lim B — 0 GWTPmax (B) = 0 and lim
B—+0 GWTPmax (B)=1

The eq 12) guarantees the conditions that
the area below the probability distribution
function is equal to one and it implies that the
mean WTP is equal to the expected value of
maximum WTP, which is indicated by E.

The responses (Y) of the dichotomous
choice WTP generally are regressed against a
constant bid amount (BID), along with the vec-
tor of different socioeconomic variables (X) us-
ing logistic function

1
T 1+e~(@+B1X1+B2Xz++BKXK)

13)

The logistic function estimates the proba-
bility of accepting the offered bid by household
for restoration of mangrove, which is a function
of bid amount and set of respondent’s socioeco-
nomic characteristic. The variable, Y is sup-
posed to be binomial, taking the value of 1 for a
“yes” and 0 for “no” response. In order to esti-
mate this function, the probability of “yes” re-
sponses can be modeled for different bid amount
and socioeconomic variables (such as income,
education, age, etc). A variation of linear in bid
model which is to use the log of bidding amount
and consistent with a utility difference formula-
tion and can be used in the procedure, refer to
eq 13). The transformation of BID to log value
has the advantages of restricting the mean
between zero and infinity, whereas the linear-
in-bid model is not comprised with this rule
(Giraud et.al, 2001)

1
1+e~(@+B1X1+B2Xz++BX)

Y = Fn (AU) =

14)

With the assumption WTP is a non-nega-
tive random variable the mean WTP can be
written:

E(WTP) — fMaxB

o " Fn(AU)dB 15)

E(WTP) — fOMaXB

1/(1 + exp{a” + BB} dB

Where E(WTP) is the expected value of
WTP, and o* is the adjusted intercept which
was added by the socioeconomic term to the
original intercept term of a,[a* = (a + yY + 09)].
The error term is small when there are large
differences in systematic utility between alter-
natives one and two. Large errors are likely
when differences in utility are small, thus deci-
sion makers are more likely to choose an alter-
native on the “wrong” side of the indifference
line.

This research was located in Mangrove
Zone, Kemujan Island because it has relatively
good mangrove forest for ecotourism develop-
ment. A total 502 respondents was collected
based on the total households with 95% confi-
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dence level and approximately 4.4% margin of
error. These respondents were randomly picked
in various type of jobs in Karimunjawa. Several
socioeconomic characteristic was used in this
study are income, education level, marital sta-
tus, number of family, and age. Selected varia-
ble based on the implications from economic
theory and the findings of previous study (Chea,
2013; Yacob, 2008; Throsby, 2003).

Table 1. Variables’ Measurement

Variable Description Expected
Sign

Income Respondent’s income )
per annum

Education The level of )

level education level

Marital 1 = married, +/-
0 = otherwise

Number Amount of family +/-

of family member

Age Respondent’s age +/-
(years)

Sex 1 = male +/-
0 = female

Bid Bid amount offered )

Note: dependent variable is WTP (1=yes;0=no)

3. Results and Discussion

The respondents’ age is between 18 years old to
72 years old, with mean of 25 years old. There
are 44.1% of the respondents are
Classification of the respondents based on the
education level shows that 10.3% of them
completed their diploma, 35.7% with the
secondary school, and 54% of them had primary
school certificate. As for the marital status, 53%
of them are currently married, 47% of them are
married and widowed. Meanwhile, from the
occupation of view, 97.8% are currently on full
time employment in fisheries sector and 2.2%
are not working due to the health problems.
From society’s point of view, the net re-
turns per rai from mangroves should include to-
tal economic value. This study, however, in-
cludes only some of the use values which consist
of both direct and indirect use values. The eco-
nomic value of mangrove based on this study

male.

126

(which includes only direct use value by local
communities and indirect use value in terms of
off-shore fishery linkages and the value in
terms of coastline protection) is Rp.6.700.000,00
per rai. In the real case, under an open access
situation, NPV is highest at Rp.75.000.000,00
per rai when the discount rate is 6% and the
elasticity of demand is -0.1. The higher the elas-
ticity of demand, the larger the transfer from
consumers to producers, resulting in a higher
net welfare gain. Therefore, given the same dis-
count rate and other things being equal, NPV
will be larger as the elasticity of demand in-
creases.

Table 2. The Estimated Economic Value

Economic Values

Direct Indirect Non-use

Components

1. Forest Resources XXXX

2. Wildlife Resources X

3. Fisheries XXXX
Resources

4. Agricultural Re- XX
sources

5. Water Supply XXX

Functions / Services

1. Groundwater XX
discharge

2. Flood and flow XXXX
control XX

»~

8.
9.

10.

11.

Shoreline
stabilisation
Sediment retention
Nutrient retention
Water quality
maintenance
Storm protection/
windbreak
External support
Micro-climatic
stabilisation
Recreation /
tourism

Water transport

XXX
XXX
XX

XXX

XXX
XX

XXXX
XXX

Diversity Attributes

1.Biological Diversity

2.Uniqueness to
culture/heritage

X
XX

Note: the economic value indicates worthed level:
x=poor; xx=fair; xxx=good; xxxx=excellent

CVM applied in this study is used to esti-
mate WTP of the respondents towards man-
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grove ecosystem restoration efforts in Kari-
munjawa. All of the respondents were provided
information describing the existing condition of
damaged and degraded mangrove ecosystem in
Karimunjawa. Respondents are also given ex-
planation about the restoration planning of
mangrove ecosystem which aims to conserve
mangrove ecosystem mangrove through plant-
ing, seeding, maintaining, and silvo fishery.
Community involvement may be a key factor in
intensifying the potential for successful man-
grove restoration so it needs participation from
communities. The amount of contribution is
based on the hypothetical scenario through in-
depth interview with some key persons in the
related departments. There were 3 bids offered
to the respondents: Rp 12,000.00; Rp 18,000.00;
and Rp 24,000.00.

Investigations in answers to WTP indicated
that 43% respondents (n=213) agree to contrib-
ute to the restoration mangrove ecosystem in
Karimunjawa. A bivariate logit model is used to
estimate the regression equation. The results
obtained are consistent with several past
studies; Becker et al (1998) had significant WTP
with marital status of the respondents,
Sakonnakon et. al. (2012) had significant WTP
with the respondents’ income and level of
education. Bidding price, level of
education, and marital status are important

factors that affect WTP.

income,

Table 8. Final Logit Model

Variable Model (overall) Odd-
B SE ratio
Bid -0.240516  0.070430*
*k
Education  1.023701  0.556045%  2.783478
Marital 0.555707  0.208802*%  1.743174
* %
Family 0.320632  0.348948  1.377998
Age -0.324482  0.224069  0.722902
Sex 0.106745  0.208394 1.112651
Income 0.000046  0.000007* -
%%
Constant  -0.816822  0.391545*  0.441833

*

-2 Log likelihood = 578.816583
Nagelkerke R Square = 0.254817
Cox & Snell R Square = 0.189630
N=502

Note: dependent variable is WTP (1=yes;0=no)

For the final model, the bid amount varia-
ble is significantly different from zero (at 1%
level of significance for the overall model). As
expected, the sign is negative, which means this
variable had highly significant and negative ef-
fect on the probability of a respondent saying
“yes” to contribute to mangrove’ restoration
charge to Karimunjawa National Park.

Household income is an important factor
that can influence respondent’ WTP and signifi-
cant at 1% for the final model. As expected, the
sign is positive, indicates that as income in-
creases, WTP increases as well. The marital
status is another important factor that has ef-
fect on respondent’s WTP for the final model,
statistically significant at 1% for the final model
with an expected positive sign. The positive sign
suggests that married respondents have higher
WTP. Other than that, education level is also
significant at 10% with a positive sign, indicates
that educated respondent have higher WTP in
the mangrove restoration. Most of them are low
educated respondent and need some education
program regarding to ecology aspect and level of
satisfaction. Normally, higher educated people
have a better gross monthly income and de-
mand more information and knowledge about
the conservation and managing ecology. They
might assume they would get a better experi-
ence from their participation.

The results of socioeconomic indicator has
some potential implications and these infor-
mation is very useful, not only for management
and planning purposes but also in particular for
the marketing strategies. Majority respondents’
age is between 20 and 30 years old. The infor-
mation suggests government should have effec-
tive plan that could concentrate on a particular
age range, such as certain activities that are
suitable for this ages group that could maximize
the utilization of their limited resources. The
WTP analysis is a simple vehicle to elicit the
demand for the benefits of better ecosystem that
people received. It should be mentioned that to
underdo survey in determining the value of
willingness to pay from people in developing
country like in the study area is not easy. This
might due to many people are more concern to
give more value in spending their basic needs
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rather than appreciation in the value of open-
access resource such as Karimunjawa Island.

The mean WTP of respondents denoted
E(WTP) =[°1 — F(z.)dz, where F(z;) is the cdf
which gives the probability of observing a par-
ticular value of WTP or less. However, the data
collected shows that 42% of the respondents still
answer “yes”. The mean WTP can be calculated
as the area under the step function according to
E(WTP) =%]_3S(B)[Bj—Bj—q] = Rpl7.500,00.
Meanwhile, the value of standard deviation for
this study is Rp22.900,00.

Nagelkerke R2 and Cox&Snell R2 provide a
logistic analogy to R2 in OLS regression. The-
Nagelkerke measures range from 0 to 1 and its
measure adapts the Cox&Snell R2. In this
study, Nagelkerke R2 0.255153. Another indica-
tion of regression model fit is given by -
2loglikelihood or -2LL value. The probability of
the observed regression result, given the pa-
rameter estimates is known as the likelihood. It
is customary to use -2times the natural log
likelihood. -2likelihood or -2LL as a measured
model of fit because it has ties to the chi square
distribution. A good model that has log likeli-
hood translates to a small value for -2LL. For a
perfect fit, -2LL must be zero. In this case, the -
2LL values is 578.662020. This implies that the
variables employed in the model (e.g.: bid,
education, marital, family etc.) is able to explain
the willingness to pay (WTP) of respondents ac-
cordingly.

4. Conclusions

Many of such environmental goods are sub-
jected to the well known “market failure”. One
of the primary objectives of non-market valua-
tion is increasing public awareness about this
value and contributing to better-informed public
decisions. Environmental valuation
could endeavor where everyone’s voice is heard
through the benefits and costs of the gain,
regardless of how much a person contributed.
Valuation studies have to potential to provide
an effective way to diminish the often-bemoaned
role of special interest in the current policy pro-
cess.

The benefit of restorating mangrove ecosys-
tem for the society based on WTP can help pol-

studies

icy makers understand the consequences for
present policies on the values in the long run.
The results showed that 43% agreed to pay or
contribute to the hypothetical
charge. The demographic variables are im-
portant predictors of WTP. Income, education
level, marital status, and bidding value were
significant predictors in single bounded CVM.
This study can provide the policy makers an
indicator on the conservation value that house-
hold willing to pay and support for the restora-
tion programs.

This study provides additional insight to
designing ideal starting bid range value and
WTP estimates. Natural resource including
mangrove ecosystem is an important part of
wealth in the country. If the increase in aggre-
gate benefits exceeds the increase in aggregate
costs, conservation would be interpreted as
worthwhile from the society’s perspective. Pol-
icy makers should allocate the resource more
efficiently in conserving mangrove ecosystem
given that the benefits are substantial with
limited budget. It is realized that the manage-
ment of mangrove in the study area is still far
from complete although many efforts has been
put on by the academician (A), Business (B),
Government (G), and Community (C). Hence, in
the future indeed need to have a better co-man-
agement among the stakeholders (A-B-G-C) to
secure the valuable resource of mangrove in
Karimunjawa.

restoration
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Figure 1. Map of Study Area
Source: Statistic of Karimunjawa, BTNKJ (2014)
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