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Abstract

Conservation or protection is the right step in an effort to preserve and utilize biological natural
resources and their ecosystems so that they can be sustainable. The Aruah Islands, as one of
the protected areas in Riau Province, have marine biodiversity such as coral reefs and turtle
spawning habitats. Currently, the most important issue in the Aruah Islands is the sustainability
and conservation of environmental resources. Economic assessment is an effective operational
tool to design policies related to its sustainable use. The method used is the survey method. The
data collected are primary data and secondary data. Economic valuations are calculated using
the Total Economic Value (NET). The results of the study show that the Aruah Islands marine
protected area has a total economic value of IDR 6,669,882,695.04 per year, which is mostly
contributed by the benefits of the existence of the region's ecosystem of 44.27 percent, or around
IDR 2,951,521,667 per year.
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Introduction

Marine protected areas (MPAs) are increasingly recognized as effective policy
instruments not only for biodiversity conservation but also for supporting coastal livelihoods and
sustainable economic development [1], [2], [3]. Marine protected areas are areas where human
activities are restricted, and management is carried out to protect coastal and marine biological
resources to avoid the threat of excessive resources that have an impact on ecological damage
[4]. Protected areas in coastal areas and small islands are coastal areas and small islands with
certain characteristics that are protected by Law of the Republic of Indonesia Number 27 Years,
2007 [5]. The performance of a marine protected area is highly dependent on many elements such
as design, management implementation, and regional characteristics [6], [7], [8]. Areas where
marine protected areas have positive ecological effects, such as increased species abundance and
improved habitat quality, as well as significant socio-economic effects for coastal communities
[9], [10], [11]. International studies demonstrate that marine protected arecas (MPAs) generate
substantial economic value through ecosystem services such as fisheries enhancement, coastal
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protection, biodiversity conservation, and climate regulation, supporting both ecological
sustainability and community welfare [12], [13].

Riau Province has fisheries potential, which includes marine fisheries and inland fisheries.
This potential is a fishery business sector that includes fish production activities both through fishing
for fish resources in the sea (capture fisheries) and fish cultivation on land (ponds and public waters)
[14]. Riau Province in 2017 has carried out the Reserve of Coastal Protected Areas and Small
Islands in the Aruah Islands, Rokan Hilir Regency. Riau Province has carried out stages in the
reserve of the conservation area. Based on this, this conservation area has been designated as a park
in the waters of the Aruah Islands, covering an area of 18,536.10 ha through Decree of the Minister
of Maritime Affairs and Fisheries (Kepmen KP) of the Republic of Indonesia Number 73/Kepment
KP/2021 [15] about the Aruah Islands Marine Protected Area in Riau Province.

Since the Aruah Islands were designated as a conservation area, community activities in
meeting daily needs and developing community economic businesses, especially the utilization
of marine resources in the Aruah Islands area, have been limited by a zoning system. The limited
space conditions and opportunities for the use of plants and animals result in utilization efforts
that are not environmentally friendly and do not obey the rules. The impact of all this is that
resources will continue to experience pressure and threats, and protection efforts for sustainability
will not run well. Economic valuation plays a critical role in translating ecosystem services into
monetary terms, enabling policymakers to integrate environmental considerations into
development planning [16]. Therefore, economic assessment of the ecosystem of conservation
areas can provide a framework to encourage the efficiency of resource allocation and use in the
context of public policies based on social welfare. The economic assessment reveals all the losses
incurred from the use of marine protected areas and thus can provide justification for decision-
makers to conserve and use the resources of the Aruah Islands marine protected areas in a
sustainable manner.

Experimental part

Research Location

This research was conducted from February to June 2024. The research location was taken
in 2 (two) sub-districts in Rokan Hilir Regency, namely Bangko District and Pasir Limau Kapas
District. This is because Bangko District has direct access to the waters and is often used as a
base for fisheries and marine tourism activities, while Pasir Limau Kapas District also has a water
area rich in biodiversity, and its villages interact directly with conservation areas.

Sampling Techniques

The sampling technique took place in 2 (two) sub-districts that had been determined,
namely Bangko and Pasir Limau Kapas Districts. Then interviews were conducted with
respondents (fishermen and the community), and a list of questions (questionnaires) was made to
find out the respondents' understanding of marine protected areas in the Aruah Islands and the
amount of income they earned by utilizing the area.

Data Collection Techniques

The economic valuation of conservation areas is analyzed with the Total Economic Value
(NET), which is usually used according to the type of functions and benefits that have been
successfully identified from the natural resource ecosystem and the environment [17]-[25]. Recent
valuation studies emphasize the use of benefit transfer and mixed valuation approaches to estimate
ecosystem service value in data-limited marine protected areas, especially in developing countries
[26]. Meanwhile, the contingent valuation method is used to estimate non-use values such as
existence and bequest values, reflecting public preferences for ecosystem conservation [27].
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The total economic value is formulated as follows:

TEV = UV + NUV = (DUV + IUV + OV) + (XV + BV) 1

where: TEV - Total Economic Value; UV - Use Value; NUV - Non Use Value; DUV - Direct Use
Value;, TUV- Indirect Use Value; OV - Option Value; XV - Existence Value; BV - Bequest Value.

Results and discussion

The Aruah Islands are the outermost region located in the Strait of Malacca and directly
bordering the country of Malaysia. Administratively, the Aruah Islands are included in Pasir
Limau Kapas District, Rokan Hilir Regency, Riau Province. Accessibility to the Aruah Islands:
from Pekanbaru, the journey is carried out by road to Bagansiapi; from Bagansiapi, the journey
continues by sea to Jemur Island, part of the Aruah Islands. Coastal area management based on
Law No. 27 of 2007 on the Management of Coastal Areas and Small Islands involves local
communities in the management and conservation of natural resources, increasing the capacity
of local institutions for coastal resource management, collaboration with universities and the
private sector for research and development, sustainable infrastructure development, and the
preparation of strategic plans and zoning for the regulation of land use and resources.

The waters of the Aruah Islands are an area with high biodiversity and are one of the
spawning grounds for green turtles. This makes it crucial for the conservation and preservation
of various threatened marine species. This area has been designated as a conservation area with
an area of 18,536.10 hectares. The management of this area is carried out as a park in the waters
with various zones that have special designations to maintain a balance between conservation and
utilization. The Aruah Islands have a variety of important ecosystems, such as coral reefs that
support rich marine life. This biodiversity is not only important for ecosystem balance but also
provides significant economic and ecological benefits, such as use value and non-use value.

Use Value

In the economic valuation study of marine protected areas in the Aruah Islands, the use value
is calculated based on the results of the analysis of the suitability and carrying capacity of the area.
Use value is divided into 3 types, namely direct use value, indirect use value, and option value.

Direct Use Value

Based on the results of the analysis of the suitability and carrying capacity of the area, the
economic value obtained from the direct use of the Aruah Islands marine protected area includes
benefits from fishing and transportation services.

The Value of Direct Use of Capture Fisheries

Conservation measures in MPAs have been shown to improve fish biomass and long-term
fisheries productivity, generating positive economic impacts for local communities [28]. The
value of the economic benefits of capture fisheries in the Aruah Islands marine protected area
using the Economic Opportunity Productivity (EOP) technique, by conducting several analysis
steps based on the demand function, namely f(Q) = 629,752,166.27 Q'2°. This calculation was
obtained based on interviews with 30 fishermen who were looking for fish with the characteristics
of an average fisherman age of 43 years and the number of family members of 3 people. Multiple
linear regression analysis was carried out to determine the relationship between catch (Q) and
price (P) and fishermen's characteristics (age, trip fishing effort/year, operational costs, and
fishermen's income).

The following is the fish demand curve in the Aruah Islands marine protected area based
on the demand function (Fig. 1).
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Fig. 1. Function of Capture Fisheries Demand in The Aruah Islands MPA

The curve above shows the relationship between the quantity of catch (Q) and the price
willing to pay (P); that is, the price decreases significantly when the quantity of catch increases.
Furthermore, to calculate the economic value of the Aruah Islands marine protected area based
on its function as a provider of fish resources using the concept of consumer surplus (CS), it is
IDR. 733,040,826.37. The economic value generated by the Aruah Islands marine protected area
is IDR. 612,459,108.33 per year. Similar findings have been reported in other MPAs, where
improved fisheries productivity contributes significantly to local livelihoods and regional
economic benefits [29].

The Value of Direct Use of Transportation

The Aruah Islands marine protected area is used by the community as a transportation
route to Panipahan and Jemur Island for various purposes, such as sightseeing tours and natural
resources around the Aruah Islands area. To calculate the economic value of public transportation
users in the Aruah Islands marine protected area, it is analyzed based on transportation costs, the
number of users, and total receipts from transportation services. The transportation cost of IDR
280,000 for the total receipt of transportation services is presented in Table 1.

Table 1. Transportation Use Value

Number of Users per Day Average Revenue per Day

Day Total Revenue per Year (IDR)

(people) (IDR)
Usual 80 22,400,000 7,728,000,000
Major 120 33,600,000 504,000,000

8,232,000,000

The value of transportation users in a year can be calculated by assuming a few ordinary
days and big days in a year. For example, in a year there are 345 ordinary days and 15 big days.
With this assumption, the value of revenue from transportation services is IDR 8,232,000,000 per
year. The depreciation costs for all components are as follows in Table 2.

The depreciation cost of components for one ferry is IDR 3,769,190,476 per year. If there
are 2 transportation service providers, the cost component will shrink to IDR 7,538,380,952. To
see the economic value of transportation service providers, the total revenue is subtracted by the
total depreciation cost so that the economic value of transportation is obtained, which is IDR
693,619,048 per year.
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Table 1. Component of Transportation Costs

No. Type Value (IDR/Year)
1 Asset depreciation
Ferry Vessels and Engines 333,333,333
Machinery and Equipment 100,000,000

Safety Equipment 50,000,000
Interior and Facilities 50,000,000
2 Maintenance 12,857,143
3 Fuel 3,150,000,000
4 Supplies 72,000,000
5 Retribution 1,000,000
Total 3,769,190,476

The Value of Direct Use of Research

In 2024, there will be 6 researchers conducting research in the Aruah Islands marine
protected area, consisting of 5 S1 students and 1 lecturer. The average time spent on research is
one week with a frequency of visits as many as 2 times a year. The cost incurred by each
researcher is IDR 7,100,000 (including transportation, consumption, lodging, and motorbike
rental in the field). So that the direct use of researchers in the Aruah Islands marine protected area
is 6 researchers x IDR 7,100,000 = IDR 42,600,000/year.

Indirect Use Value

The economic value obtained from the indirect use of the Aruah Islands marine protected
area includes benefits from abrasion resistance and carbon sequestration (COz).

Abrasion Resistance

Coral reefs provide critical coastal protection services by reducing wave energy and
preventing shoreline erosion, with global economic benefits estimated to exceed USD 100 billion
per decade [30], [31]. The coral reef ecosystem found in the Aruah Islands marine protected area
has various important ecological functions, especially as a coastal protector from abrasion and a
habitat for fish and other marine life [32], [33], [34]. This function is classified as an indirect use
value. Coral reefs serve as natural breakwaters that protect the coast from abrasion, and coral
reefs provide shelter and food sources for various species of fish and the biota associated with
them. To assess the physical function of the area using the replacement cost approach, estimate
the cost needed to replace or restore the lost ecological function.

The coral reef ecosystems within the Aruah Islands marine protected area offer significant
coastal protection services by buffering wave energy and reducing erosion dynamics, which in
turn lowers the potential damage that coastal areas would otherwise face during high-energy
storm events and sea-level fluctuations. Recent studies show that coral reef protection and
restoration can be evaluated using nature-based valuation frameworks that quantify avoided flood
damage and infrastructure losses, demonstrating that maintaining healthy reef structures often
yields coastal risk reduction benefits that exceed the costs of alternative engineered defenses [35],
[36], [37], [38]. The area of the Aruah Islands marine protected area protected by coral reefs is
358.4841 hectares at low tide [39], or about 3,584,841 m2 The average standard cost used for
every 1 m?®is IDR 550,000. This refers to the cost standard used by previous researchers [40] in
the Banda Neira Islands, assuming every 1 m of the length of the breakwater has a volume of 6
m?. The value of the benefits of coral reefs in the Aruah Islands as a replacement for breakwater
using the replacement cost method is IDR 657,220,850,000 with a service life of 10 years. So the
value of indirect benefits as a breakwater is IDR 65,772,085,000 per year, or around IDR
183,333,333.3 per hectare per year.

Carbon Sequestration (CO3)

Coral reef ecosystems contribute to climate change mitigation through carbon sequestration
and carbonate production, forming part of the broader blue carbon framework [41]. Coral reef
ecosystems in the waters of the Aruah Islands have an important role in carbon sequestration, which
contributes significantly to climate change mitigation. According to [42], the value of 1 carbon is in
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a price range of US$5 to US$35 per tCOz¢. According to [43], which mentioned the value of 1
carbon with a price range of US$1-US$28 with a carbon price of US$10 per ton, equivalent to IDR
140,800, the total primary productivity of coral reefs reaches 2500 g/m?year. Furthermore, the
economic value of coral reefs as carbon sinks is calculated by multiplying the area of coral reefs by
the number of tons of carbon and the price of carbon per ton.

e 358,4841 ha x 10.000 m? x 2.500 gr/m*/year x 1/1.000.000 ton/gr = IDR 8,962.10

e  Carbon value: US$10 per ton (exchange rate: US$1 =IDR 16,350.45 at the time of the study)

e Then the indirect economic value of coral reefs as carbon sinks in the Aruah Islands is

IDR 1,465,885,037.47/year.

The carbon sequestration value by coral reef ecosystems in the Aruah Islands is smaller
than the carbon sequestration value by coral reefs in the Kapoposang TWP, which reaches IDR
2,734,518,000 per year with an area of 1,156 ha [44]. This can be said to be natural because the
coral reefs in the Kapoposang TWP are much wider than the coral reefs in the Aruah Islands.

Option Value

The assessment of the physical function of coral reef ecosystems in the Aruah Islands marine
protected area is carried out using a benefit transfer approach, especially to calculate the option
value of biodiversity provided by the ecosystem. The value refers to research [45], which states that
the benefits of choosing coral reef ecosystems as biodiversity are IDR 100 per hectare, or IDR
1,635,045 per hectare at the exchange rate (IDR 16,350.45 per USS$). The area of coral reef
ecosystems in the Aruah Islands marine protected area is 358.4841 ha, so that a biodiversity
selection value of IDR 586,137,635.3 per year is obtained. This value reflects the importance of
coral reef ecosystems in providing significant ecological benefits through biodiversity.

Non-Use Value

Non-use value emphasizes the importance of the existence and preservation of marine
protected areas in the Aruah Islands, even though they are not directly utilized. This is seen based
on the willingness of individuals to pay for the ecosystem of the area. This value can be
categorized into two types, namely, existence and bequest value.

Value of Existence

Local and global communities may be willing to pay for coral reef conservation in the
Aruah Islands just to ensure that these ecosystems remain and are well preserved. Awareness
campaigns and donations for coral reef conservation can attract funds from individuals who
appreciate the existence of the region's ecosystems. Contingent valuation studies conducted after
2020 consistently show strong public willingness to pay for marine ecosystem conservation, even
among non-users, indicating high social appreciation of ecosystem existence [46], [47]. The
method used to assess the existence function is the Contingent Valuation Method (CVM)
technique. CVM is an economic assessment method that measures people's willingness to pay to
maintain the existence of an ecosystem. The assessment was carried out based on interviews with
the surrounding community; the average willingness to pay of the community was IDR 78,333
per individual per year. The economic value of a conservation area is calculated by multiplying
the average willingness to pay by the number of people around the area. As for the number of
people around the area, totaling 37,679 people, the economic value of the area based on the
function of existence is IDR 2,951,521,667/year. When compared to research [48], which
obtained the value of the benefits of the existence of the Sawu Sea protected area in Kupang
Regency of IDR 4,121,520,000/year, the value of existence in the study is smaller. This indicates
that the perception of the community around the Sawu Sea protected area in Kupang Regency
towards the ecosystem is very positive, so it can be used as an example for other areas. This
community support is very important for the success of conservation efforts and preservation of
the ecosystem of the area.

Bequest Value

Bequest value is the value provided by individuals or communities to ensure that certain
natural resources remain and are enjoyed by future generations. This value reflects the desire to
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pass on valuable natural resources to posterity so that they can enjoy and benefit from these
resources in the future. The Aruah Islands marine protected area, which includes coral reef
ecosystems and green turtle habitats on Jemur Island, is a valuable asset for humans, both now
and in the future. The existence of the ecosystem is considered a heritage that has great value,
especially for the local community in the conservation area. The value of the inheritance is
calculated by a direct market value approach. The total economic value framework confirms that
non-use components such as bequest and existence value capture people’s preference for
preserving ecosystems for future generations and contribute meaningfully to the overall estimated
economic value of ecosystems in protected areas [49]. According to [50], the heritage value is
not less than 10% of the value of the direct benefits of the ecosystem. The value of the direct
benefit of the Aruah Islands marine protected area is IDR 1,348,678,155.95, so the inheritance
value can be calculated by the formula 10% x (IDR 1,348,678,155.95) = IDR
134,867,815.59/year. This heritage value reflects the contribution of the ecosystem in providing
sustainable ecological, economic, and social benefits for the community in the Aruah Islands
marine protected area.

Total Economic Value of Aruah Islands Marine Protected Area

Based on the results of the analysis, the total economic value of the Aruah Islands marine
protected area reaches more than 6 billion rupiahs (Table 3). This value includes various benefits
obtained from the ecosystem of the Aruah Islands marine protected area. Most of the total
economic value of the area is contributed by the existence value of more than 2 billion rupiahs,
while based on the measured ecological parameters, the ecological value of the ecosystem
contributes 24.72 percent of the total economic value with a value of 1 billion rupiahs.

Table 2. Total Economic Value of Aruah Islands Marine Protected Area

No. Description Value (IDR/Year) Percentage
1 Direct
Capture Fisheries 612,459,108 9.18
Transportation 693,619,048 10.40
Research 42,600,000 0.64
Total 1,348,678,156 20.22
2 Indirect
Abrasion resistance 183,333,333 2.75
CO, Absorption 1,465,344,088 21.97
Total 1,648,677,422 24.72
3 Options 586,137,635 8.79
4 Existence 2,951,521,667 44.25
5 Bequest Value 134,867,816 2.02
Total 6,669,882,695.04 100.00

Conclusions

The Aruah Islands marine protected area has a very large total economic value, with an
economic value of more than 6 billion rupiahs per year, which includes a direct and indirect use
value of more than 1 billion rupiah, a choice value of IDR 586,137,635, and an existence value of
more than 2 billion rupiah, while the heritage value is around a hundred million more per year. This
value is dominated by the value of existence that the community around the area is willing to pay
to ensure the preservation of the ecosystem. Then ecological value accounts for around 24.72
percent of the total economic value, equivalent to 1 billion rupiahs. This value shows how important
the ecological nature of the Aruah Islands marine protected area is, not only from an economic
perspective but also from an ecological and environmental sustainability perspective.

Based on the results of the research on the economic value of the Aruah Islands marine
protected area, the researcher has a suggestion to add other economic values for further research,
as well as the area that has been designated as a conservation area to be preserved by increasing
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the awareness of the community around the area about the importance of the economic value of
regional resources to improve community welfare.
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