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Abstract

Mangrove is a wetland type of forest referred also as the tidally influenced swamp ecosystem within intertidal
zone of tropical and subtropical latitudes (Tomlinson, 1986). This forest provides numerous direct and indirect
benefits to people and environment. However, most of the benefits appreciated are focused on direct-use or
marketed benefits making mangrove forests as undervalued resources today. This study aimed to asses the
Indirect-use and Option Values of mangroves in Barangay Day-asan, Surigao City as components of forest
economic valuation. The Replacement Cost and Contingent Valuation Methods were used in value
determination. Survey showed that as to socio-demographic profile of the participants, there is a total of 451
households in Barangay Day-asan. Most of the participants were female (68.89%), married (34.07%) and
attained secondary level of education (42.22%). Fishing is the very source of income among the local residents.
The total Indirect-use value of mangrove forest of the study area is approximated at Php6239.15/hectare/per
year valuated by means of Coastal Protection and Carbon Sequestration Values. The study revealed that
mangrove forests in this coastal community provide considerable economic and environmental benefits,
particularly as a source of family income, provision of quality air to breath and in protecting local communities
from disasters associated with the climate change. Most of the residents agree to take part in mangrove
conservation programs and initiatives with an average Willingness To Pay of Php594,115.20 per year as

conservation funds for the sustainable management of the mangrove resources in their community.
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147 | Acero and Resullar



Introduction

The mangrove forest is a very important ecosystem
that provides a variety of ecological and economic
benefits. What composed of this marine tidal forest
are trees, shrubs, palms, epiphytes and ferns
(Tomlinson, 1986). Its existence as an ecosystem also
offers coastlines protection and saves lives and
property during natural hazards such as tsunamis,
cyclones, storm surges and erosion. Mangroves
provide also economic activities to the people aside
from serving as the breeding, feeding and nursery
grounds for many estuarine and marine organisms
(Nagelkerken et al, 2008). Naturally, this type of
vegetation is utilized for captive and culture of many
fisheries products. The ecosystem also contains large
deposits of some unexplored potentials for natural
products that are essential for medicinal benefits, for
salt production, apiculture, fuel and fodder, among
others (Khairnar et al, 2019). In fact, many people in
the Philippines generate income from mangrove
resources. More than half of the Philippine’s 1,500
municipalities and 42,000 barangays are dependent
on these marine habitats for food and other goods

and services (Primavera, 2000).

Mangrove provides a multiple use and wide variety
ecosystem services and benefits. It is a significant
vegetation that serves as coastal bio-shield since it
plays a critical role in reducing the impacts of cyclonic
storms, hurricanes and tsunami on human lives and
properties (Danielsen et al., 2005; Selvam, 2005).
There are various ways that the regulating services of
mangroves can mitigate the effects of climate change,
particularly in serving as buffers against storms and
flooding. Sea waves are attenuated by mangroves
vegetation thereby reducing wave forces by an
estimated 70-90% on the average (Macintosh, 2010).
Undeniably, mangroves provide a wide range of vital
ecosystem services, which have an equally wide range
of value. Economists generally decompose the total
economic value of ecosystems into direct-use,
indirect-use and non-use values. Direct-use values
refer to consumptive and non-consumptive uses that
entail direct physical interaction with the mangroves
and their services such as outputs of fish, fuel wood,

recreation, and transport. Indirect-use values include
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regulatory ecological functions, which lead to indirect
benefits such as flood control, storm protection,
nutrient retention, nursery grounds for different
species, and erosion control. Non-use values include
existence and bequest values of mangroves (Bann,
1988). In Kosrae, Micronesia, an economic valuation
study shows that mangroves on the island are worth
between $666 thousand and $1 million per year (1996
prices) based on the net value of marketable products
alone. Interestingly, the local people are willing to pay
money which ranges from $1 million to $1.26 million
per year just to protect and use mangrove swamps
indefinitely (Naylor et al, 1998). Due to the many
tangible and intangible benefits derived from
mangroves, this ecosystem has been facing a lot of
pressures and exploitation. In the Philippines,
aaquaculture development, conversion of mangrove
areas to ponds for production of shrimp, fish, and
other aquatic resources, is a leading cause of
mangrove loss (Garcia, K. B. et al, 1988). For
instance, between 1968 and 1983, 237,000 ha of
mangroves were lost for pond construction, almost
half of the total national mangrove area (Fernandez,
1978) at that time. Jayagoda (2016) claimed that
mangroves have degraded continuously and about
25% of the original mangrove areas have been
converted into fishponds, with an average rate of

5,000 hectares per year in the 1970’s and early 1980’s.

Similarly, Agaloos (1994) and Primavera (2000)
estimated that around half of the 279,000 hectares of
mangroves lost from 1951 to 1988 were developed
into culture ponds. Aside from depleting the
mangroves, aquaculture also pollutes the mangrove
ecosystem with effluents that affect the services that a
healthy mangrove ecosystem serves. Pollution and
problems are often left behind when the operation of
aquaculture ceased (De la Torre and Barnhizer,
Sadly,

operators  shift

2003). once the operation is halted,

aquaculture to new locations
containing a healthy mangrove ecosystem and
thereby do the same cycle of resources depletion
(Ellison, 2008). If this trend continues, mangrove
areas in the country will be in serious threat. Although
greater conservation and rehabilitation efforts have

been in placed (Samson and Rollon, 2008), still it is
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expected that the mangrove ecosystem in the country
will continue to face degradation.

Notwithstanding the various benefits from
mangroves, this type of ecosystem remains
undervalued (Beitl et al, 2019; Salem and Mercer,
2012). There is a need to disseminate widely the
salient role that mangroves play ecologically and
economically particularly in the grassroots, policy
makers and among key leaders in the community
through highlighting the scientific studies on
valuation of mangrove resources purposely to
enhance awareness (Song et al, 2021; Khan et al,
2020) and elicit holistic conceptualization and
implementation of coastal programs for the
conservation of mangrove resources where local
wisdom are purposely integrated (Hakim et al,
2017). Hence, this study was conducted with the
primary view of assessing the Indirect-Use and
Option Values of the mangrove forest in Barangay
Day-asan, Surigao City, Philippines. The research

output could contribute to the existing knowledge

/
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on ecosystem valuation, particularly on the
ecosystem services provided by mangroves to
people and communities. The information and
result could serve also as a guide in assessing
public support for conservation of the mangrove
forest and as a supportive argument for the
invaluable roles the mangrove forest play in
maintaining biodiversity and environmental

quality (Saka et al, 2015).

Material and methods

The Study Site

Barangay Day-asan, Surigao City in Philippines was
chosen as the study site on the basis of having
considerable tracts of mangrove forest approximately
403 hectares with majority of the residents generate
family income from fisheries-related sources. Day-
asan is renowned as the “Floating Village”, since most
of the houses in this community are built on
mangrove areas. It is one of the 54 Barangays in
Surigao City and has a total population of 1,986 in 451

households (Barangay Day-asan Profile, 2020).

.
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Fig. 1. Map of Barangay Day-asan, Surigao City, Philippines.

Study Framework
This study assesses the Indirect-use and Option
Values of the Mangrove forest to the community

residence in the coastal Barangay of Day-asan,

Surigao City, Philippines. The Input-
Process-Output framework approach
provides the schematic structure and

variables of the study.
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Fig. 2. The Study Framework

Research Design, Sampling and Data Collection
Techniques

This study used the Quantitative modality of research
using descriptive research-survey type. The
researchers considered the appropriateness of this
design because the study involved data gathering
through a face to face interview with the participants,
guided by a structured questionnaire. There were 135
research participants of this study representing the
451 community households of Barangay Day-asan,
Surigao City. They were selected randomly which has
constituted a total of 30% of the total barangay
Households (Barangay Day-asan Profile, 2020). Only
those 18 years old and above regardless of gender,
educational attainment and religious affiliation were

considered in the selection of the participants.

This study relied much on the responses of the
both from residents,
Department of Public Works and Highways (DPWH)-
Surigao del Norte and the Carbon Sequestration Value
(CSV) from the study of (Navarro, 2020). The

researchers personally conducted a face to face interview

participants community

to ensure better results and accuracy of the gathered

data. The researchers conducted first a courtesy call to
the Barangay Captain and its council to request
permission from the Barangay in relation to the conduct
of the study and the identification of participants as well.
Upon approval from the Barangay Council, the
researchers personally administered the interview of the
participants. The objectives of the study were explained
first before the interview was started. The orientation
program on Biodiversity was also conducted to ensure
that all the statements were fully understood using a

Surigaonon dialect of the study barangay.

Data Analysis

The data collected were tabulated to facilitate the data
analysis and the subsequent interpretation of the
results. The Replacement Cost method substitutes the
particular ecosystem goods and services with artificial
or man-made products and infrastructure or
technologies. This method is considered as a
substitute for mangrove resource and ecosystem
values, despite of having partial estimates only that it
represents (Bann, 1998). The calculation of the
Coastline Protection Value (CPV) was estimated using

Malik et al (2015) formula.
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To calculate the total Indirect Value/Benefits of mangrove
forest of barangay Day-asan, the Coastal Protection Value
(CPV) and Carbon Sequestration Values (CSV) were

adopted using the formula stated below:

CPV= CL(m)*CAPM(Php)*Total Area of Mangrove (Ha).

The cost of alternative project was determined from
DPWH-Surigao del Norte 15t Engineering District

using the cost of a concrete Sea Wall project.

CSV= CSR*PCM*Total Mangrove Area (Ha)

The Carbon Sequestration Rates of the study site was
taken from the study of (Navarro, 2020) to determine
the current value of the mangrove ecosystem services
based from the current Biomass content of the
mangrove forest of barangay Day-asan. The CPV and
CSV were added together in order to estimate the
Total Indirect-benefits of the mangrove forest of the

Barangay under study.

In estimating the Option Value of the mangrove
resources in the study site, the Contingent Valuation
Method (CVM) was used. The Option Values refer
those individual’s willingness to pay (WTP) in order
to ensure that the goods and services can still be
utilized by future generations. Option Values are

considered insurance values by which people assign

Indirect-use Value of Mangrove Forest
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values to risk aversion in the face of uncertainty
(Consolacion, 2017; King, 2020). The Option Value of

mangroves was estimated using the formula:

Option Value = Average WTP * Total Number of
Households.

Results and discussion

Socio-demographic Profile of the participants

The socio-demographic profile of the study area
shows that there are 451 households in Barangay Day-
asan, Surigao City, Philippines with an average
household size of 5. Most of the participants were
female (68.89%) and married (34.07%), with age
ranges from 26 to 45 which constitutes a share of
48.14% from the total population. As to educational
attainment, most of the participants attained the
secondary level of education at 42.22%, while fishing
is very source of income among the local residents
wherein 45.74% generates income from fishery
related sources. The socio-demographic fig.s of
Barangay Day-asan suggest that since this community
is coastal in nature, it population is increasing and
education needs to be accessed by all to cope with
economic and environmental challenges necessary to
sustain the community developmental initiatives in
this heavily relying community on mangrove
resources or fishery-based livelihoods as sources of

family income.

Table 1. Coastline Protection Value (CPV) of Mangrove Forest per Hectare/Year in Barangay Day-asan, Surigao City.

Coastal lensth Coastline Coastal Protection Coastal Protection Coastal Protection
Mangrove area (m) 8™ protection Cost Value (Php) Value/yr/(Php) Value/ha/yr
per meter(Php) (length*CP Cost) (Project Life: 15 yrs.) (Php)
Day-asan,
Surigao city 222 100,000.00 22,200,000.00 1,480,000.00 3,672.45

Note: Breakwater construction cost per meter=Php100,000( Source: DPWH-Surigao City)

Total mangrove area in Day-asan = 403 hectares (Source: Barangay Profile 2020)

Shown in Table 1 is the Coastline Protection Value of
the mangroves in Barangay Day-asan, Surigao City. In
this study, the Replacement Cost method was adopted
to assess the coastline protection function of
mangroves which was calculated specifically using the
construction cost of a breakwater project from the
Department of Public works and Highways (DPWH).

The unit cost of constructing this project is
100,000/linear meter of coastline. The replacement
cost to protect the shoreline in barangay Day-asan is
approximately at Php3,672.45 per hectare per year.
The study shows how important the mangrove forests
play in protecting people’s lives and properties

(Othman, 2004) in the absence of the costly concrete
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shoreline protection projects like breakwater projects
and Tsunami walls. The study of Mendoza and Alura
(2001) depicts that in areas without mangroves,
coconut trees were uprooted due to wave action
during storms. However, this does not occur in
coastal areas where there are strips of mangroves

(Macintosh, 2010; Barbier, 2016).

The study conducted by Harada et al (2002)
demonstrates that mangroves are of the same
effectiveness as concrete seawall structures in
reducing waves due to tsunami that hit houses behind
the forest. A six-year old mangrove in Moresu forests
of 1.5 km width reduced the sea waves by 20-fold,
from 1-m high waves in the open sea to 0.05 m at the
coast. The advantage of mangrove trees as a natural
breakwater is that they are perennial, unlike the
concrete breakwater which has short-lived protective

capabilities. If mangrove forest is kept intact in
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Barangay Day-asan, it will continue to function as a

natural wind and breakwater.

CPV= Coastline Length (m) * Cost Alternative
Project(Php)/Project Life(15)
(Source: Malik, 2015)

Mangrove forests are important features of coastline
protection, with significant roles in stabilizing
shorelines, preventing flooding, and serve as
windbreak and buffer against waves and storms
(Gunawardena et al, 2005). Areas along the coasts with
no mangrove cover are susceptible to severe erosion
and storm surge (Barbier, 2016). The coastline
mangrove cover along the coastline should be
preserved to protect the shore. Thus, storm protection
and shoreline stabilization functions of the mangroves
have indirect-use value to coastal communities through

reducing property damage (Othman, 2004).

Table 2. Carbon Sequestration Value of Mangrove in Barangay Day-asan per Hectare/Year.

Maneroves Area Carbon Stock Value  Carbon Stock Value tCO2e Carbon Stock Value
8 tCOe2/ha (Php) tCO2¢e/ha/year (Php)
CD'ay—asan, Surigao 684.46 206,878,035 2,566.73
1ty
Note:

A. Carbon Stock Value (CSV)=Total Carbon Stock*Php750tCO2e * Total Mangrove Area:

Barangay Day-asan = 403 Hectares.

B. Carbon Stock Value/ha/year= CSV Total/Total Mangrove Area/Mangrove Age.

C. Mangrove age in Barangay Day-asan is estimated at 200 yrs (Source: Barangay Profile, 2020).

Table 2 shows the Carbon Sequestration Value of
mangrove forest in Day-asan, Surigao City. The
mangrove forest holds the carbon stock with
approximately 147.39MC/Ha or 540.92.13t CO2e/Ha
(Navarro, 2020). In this study, the adopted price was
Php750 or US $ 50 ($40-80 ) per ton of CO2e (World
Bank, 2017) for estimation purposes only. This result
implies that the indirect-use value of mangroves per
hectare per year in terms of carbon sequestration in
Barangay Day-asan at Php2,566.73 is a very
noteworthy fact since this shows the significant
ecological function of mangrove forest in sequestering
waste carbons deposited in the atmosphere and storing
it in the biomass during the photosynthetic process
(Lal, 2008). In Banacon Island in Bohol, Philippines,

best illustrates the carbon sink potential of mangroves

due to their vigorous condition enabling the forest
vegetation in storing vast amounts of carbon Camacho
et al. (2011). In barangay Day-asan scenario, losing of a
single hectare of mangrove forest due to any
unsustainable resource utilization practices means a
reduction of the carbon sequestration capability of
mangroves at a very significant rate. People in Day-
asan enjoy the bounty of fresh air due to forest
ecosystems surrounding the whole coastal community.
This is the truth that must be widely known to
everybody as to how valuable the mangroves are in
filtering the air that people breaths daily. Interestingly,
mangroves allocate proportionally more carbon below
ground, and have higher below-ground content
compared to above ground carbon mass than

terrestrial forests (Alongi, 2014).
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There is a 3.67 rate conversion factor of carbon stock
into carbon dioxide Sequestration (Ahmed et al, 2017;
Lomoljo, 2017). So, mangrove plantations really
provide substantial benefits in controlling regional

climate change by stabilizing atmospheric carbons.

The Indirect-use values are benefits derived from the
ecosystem functions, such as the mangrove’s
functions for shoreline protection, breeding ground
for fish and shellfish species, carbon sequestration,
habitat for birds and other wild animals and
biodiversity conservation. These are values derived
from resources and services that are not consumed
(IUCN, 2007). In this study, the Total Indirect-use
values of the mangroves forest in Barangay Day-asan,
as valuated through Coastal Protection Value (CPV)
(CSV) is
Php6,239.18 per hectare per year. This denotes the

and Carbon Sequestration Value
tantamount role of the mangroves in this area that
have been provided to the people and the community
in the form of a not consumed resources and
environmental services of the mangrove as an
ecosystem. With these wvaluable economic and
environmental benefits provided by mangroves, this
scenario indeed, calls for concerted efforts among the
public and private sectors to rally behind the efforts of
the Philippine government to rehabilitate and

conserve the mangrove resources in the country.

Option Value of Mangroves
Table 3. Support Availability of the Participants to

help Biodiversity in Barangay Day-asan.

Willingness to F Percentage
Support Biodiversity requency (%)
Yes 126 93.33
No 9 6.67
Total 135 100

Data shown in Table 3 disclosed that the majority of
the participants at 93.33% agree to help the
biodiversity of mangrove in Barangay Day-asan, while
the 6.67% the participants have no enough money to
help biodiversity. This implies the wide range of
support from community households to take part in
the biodiversity conservation of the mangrove
vegetation in their Barangay. This indicates further a

wider understanding among the local people on the
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importance of mangroves and further denotes a
higher success of any mangrove conservation
programs/initiatives that may be implemented in the

future (Beger et al, 2015).

Table 4. Participants’ Willingness To Pay (WTP) Per
Month for the Conservation of Mangroves in

Barangay Day-asan, Surigao City.

Frequency * Total
WTP (Php) 196 WTP
(Php)/Month
10 to 20 28 3,528.00
21 to 40 13 1,638.00
41 to 60 23 2,898.00
61 to 80 10 1,260.00
81t0 100 24 3,024.00
101to 500 17 2,142.00
501 to 1000 5 630.00
1000 above 6 756.00
Total 15,876/135=
117.60

Table 4 shows the WTP for the conservation of the
mangroves in Barangay Day-asan discloses that at a
range of Phpio to 20, there are 28 or 21% of the
participants who are willing to allot monetary
contribution to help biodiversity conservation of the
mangroves. Around 18% also agree to spare Php81-
100 while approximately 17% of them are eager to
provide Php 41-60 per month. Interestingly, there is
8% willing to share at least Php500.00 per month just
to conserve the mangroves resources in their
community. The average WTP of the participants in
barangay Day-asan is Php117.60. The study shows a
high positive response despite of the reality that most
of the participants belong to low income bracket in
this community. This is supported by studies which
claim that individuals who fished near the mangroves
area perceived the greater benefits than those who are
fishing from non-mangrove areas and are normally of
high willingness to pay for the conservation of the
mangroves (Walton et al, 2006). Although some of
the participants believe in a negative perception, with
common belief that it is the government’s
responsibility to finance such resource conservation
management initiatives and the other reason is that
they have the confidence that rehabilitation of
mangroves will take place of its own and without the

participation of the community residents.
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Table 5. The Option Value of the Mangrove Forest in
Day-asan, Surigao City.

Data Used for the Calculation of Day-asan

Option Value (n=135
Households
Participants)

No. of Respondents Willing To Pay  126(93.33%)

No. Of Respondents Not Willing To 9(6.67%)

Pay

Total No. Of Households willing to 421

pay (no. Of respondents /n*Total #

of HH)

Average Household Willingness to 117.60

pay (Php) per month

Option Value /HH /year (Php) 1,411.20

Option Value of Mangrove/Year 594,115.20

(Php)

Option value of 1,474.23

Mangrove/Ha/Year/(Php)
Note: Day-asan has a total of 403 hectares of mangrove

and 451 Households (HH) (Barangay Profile, 2020).

Table 5 shows that the Option Value of mangroves in
barangay Day-asan, Surogao City has an average of
126 (93.33% of the

households showed their willingness to pay per

population) participant-
month, while only 9 (6.67%) respondents have
disclosed that they are not willing to pay. This
calculates an average of household of willingnes to
pay per month of Php117.60 or a Total Option Value
of mangrove forest per year at Phpi,411.20. The
support of the community households is not just
demonstrated in answering “ Yes” whenever asked if
they are willing to help the biodiversity conservation
of the mangroves in their Barangay. As depicted in
Table 5, the community WTP, indeed translates the
economic value of the mangrove forest in Day-asan to
a certain degree. At Php1,474.23 per hectare per year,
this is a very tangible contribution from the
community itself to conserve mangroves which can be
a better complement already to the logistical
consideration of any mangrove related projects that

will be implemented in this coastal Barangay.

Conclusion

The study concludes that the majority of the residents
of Barangay Day-asan, Surigao City are heavily
dependent from resources they get from the
mangrove forest in the area. The mangrove vegetation
indeed provide coastal protection to people and

properties at the same time functions its natural role
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in sequestering atmospheric carbons which altogether
form as the Indirect benefits derived from mangrove
forest. Interestingly, the community residents are
more willing to conserve the mangrove vegetation as
they consider it is one of the best sources of their
food, income, a natural source of fresh air that they
breathe and the source of formidable protection
against natural disasters like typhoon and tsunami, in
lien of the very expensive concrete shoreline
protection structures. There is really a need of holistic
interventions and biodiversity conservation programs
in order to successfully rehabilitate and conserve the
mangrove forest ecosystem i barangay Day-asan,

Surigao City, Philippines.

Recommendations

Based on the results of the data gathered during the
survey, the researchers propose these
recommendations.

1. The Barangay Local Government Unit is enjoined
to declare the critical portions of the mangrove forest
within Day-asan as Marine Protected Areas (MPAs).

2. The

environmental laws, specifically to the mangrove

people who commit violations of
forest shall be subjected to criminal prosecution.

3. Local Government Unit (LGU) is encouraged to
regularly conduct seminars/information drive related
to Mangrove benefits and Environmental Awareness
programs to the community to provide them with
timely needed knowledge on the various economic

and ecological benefits from mangrove forests.
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