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Coral reef ecosystems exert a pivotal role in fisheries from ecological, social, and economic perspectives. Compo-
nents of coral reefs, particularly ornamental corals, currently hold significant economic value for aquarium hob-
byists and as public facility accessories in international markets. However, sustaining their production requires
effective supply chain management to prevent overexploitation. Despite the optimal supply chain performance
and sustainable exploitation status, fluctuating ornamental coral abundance over the past three years indicates
that long-term sustainability remains uncertain. Therefore, this study analysed the performance of sustainable
supply chain management (SSCM) for ornamental corals in the Bali Strait using the RAPFish (Rapid Appraisal for
Fisheries) method. A descriptive case study approach and snowball sampling were employed to collect data from
exporters, suppliers, and fishers. Results indicated an average SSCM performance score of 67.28%, categorized
as moderately sustainable. This result indicated that SSCM for ornamental corals was generally not yet sustain-
able, with the least sustainable dimension being government policy (46.99%), where the most sensitive attribute
was economic and social policy.
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Introduction

Coral reef ecosystems, among the most vulnerable
to change, are highly significant in Indonesia, which
boasts the largest habitat for ornamental corals glob-
ally, covering 9703 km?. This area represents approx-
imately 12.5% — 18% of the world’s coral reefs and is
part of the Coral Triangle, home to about 69% of the
world's coral species (Allen and Erdmann, 2013; Ka-
rim et al., 2021; Susiloningtyas et al., 2018). Coral reef
ecosystems are vital both ecologically and socio-eco-
nomically, supporting 93,000 species of marine biota
(Bellwood and Wainwright, 2002; CRITC Coremap-LIPI,
2016; EPA, 2022).

Well-maintained mangrove and coral reef ecosystems
hold significant economic value in marine ecotourism.
(Mahmudah et al., 2023; Swara and Intyas, 2021). Be-
yond ecotourism, coral species, the main components
of coral reefs, have become high-value commodities
in the hobbyist market, especially for aquarium enthu-
siasts. Despite their beauty, maintaining ornamental
corals is costly, making this hobby predominantly ap-
pealing to high-end consumers and the export market
(Intyas et al., 2023a; Rhyne et al., 2014).

Producers of ornamental corals come from various
regions in Indonesia, centred around the Bali Strait
waters, and supply exporters. The United States is the
largest importer of Indonesian ornamental corals, ac-
counting for about 60% of total exports, followed by
Japan, China, and Europe (Suriyani, 2020). There are
38 ornamental coral businesses around the Bali Strait
waters, consisting of local companies and exporters.
The ornamental coral trade is dominated by exports,
with exporters as the focal firms, selling finished prod-
ucts from suppliers working with fishers. Any disrup-
tions in the supply chain can significantly affect other
members.

In recent decades, growing domestic and internation-
al competition has forced organizations to enhance
their internal processes to remain competitive. Failure
to meet these demands will lead customers to seek
more accommodating businesses (Intyas et al., 2022).
Optimal supply chain management performance is es-
sential for enhancing competitiveness and achieving
integrated upstream and downstream management.

Supply chain management supports and coordinates
resources to ensure timely and efficient flows. It
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does so by forecasting demand, controlling inventory,
strengthening relationships with customers, suppliers,
and distributors, and receiving feedback on the status
of each link in the supply chain (O'Brien and M. Mar-
akas, 2007).

Data from 2019 indicate that coral reefs in Western In-
donesia have improved, with a rising proportion clas-
sified as good or fair (Hadi et al., 2020). However, the
increasing utilisation of coastal fisheries resources can
threaten the ecosystem, so sustainability needs to be
maintained even though fishery resources are renew-
able. Efforts to increase the production of ornamental
corals require good supply chain management, par-
ticularly in terms of supply, to prevent overexploitation
that could disrupt the ornamental coral supply chain.
Government regulations related to strict licensing and
annual quota restrictions are policies that were adopt-
ed to ensure the sustainability of coral reefs (Intyas et
al.,, 2023b).

Sustainability is defined as meeting the needs of the
present generation without compromising the abil-
ity of future generations to meet their own needs
(Brundtland, 1987). The most common (convention-
al) sustainability model is based on three overlapping
dimensions: environmental, economic, and social
justice (Caradonna, 2014). The broadest definition of
sustainability involves actions taken today that com-
bine human behaviour with natural ecosystems to
maintain their health and productivity for future gen-
erations (Isdianto et al,, 2022). As the world changes,
behaviours intended to ensure sustainability must
also change and adapt. This behaviour causes issues
because users and consumer groups might perceive
sustainability as a static attribute for example, 'prod-
uct x is sustainable' but it is a continuous movement
towards more sustainable practices based on ecosys-
tem changes (Rhyne et al., 2014).

Although the supply chain performance is optimal
and the exploitation status is sustainable, this does
not guarantee sustainability (Intyas et al., 2023b). This
condition is evidenced by the fluctuating fulfillment of
ornamental corals over the past three years. Sustaina-
bility is mandatory in business, including in supply chain
management. A supply chain management theory that
considers sustainability incorporates the concept of
sustainability into supply chain management process-
es to assess the environmental, social, and economic
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impacts of business activities. This concept is known as
Sustainable Supply Chain Management (SSCM).

SSCM encourages companies to extend their econom-
ic, environmental, and social efforts throughout the
supply chain (Croom et al., 2000). SSCM improves the
interconnections among these integrated supply chain
activities to achieve a sustainable competitive advan-
tage. Systematic coordination presents significant
challenges in SSCM, particularly when managing long-
term strategic decisions. The structural dimension of a
sustainable supply chain integrates economic, social,
and environmental factors, each with distinct charac-
teristics (Joshi, 2022).

SSCM strengthens the integration of supply chain ac-
tivities to achieve a sustainable competitive advantage.
This study employs the RAPFish (Rapid Appraisal for
Fisheries) method to analyze SSCM, enabling the iden-
tification of vulnerable variables within each dimen-
sion. Building on this framework, the research aims
to evaluate the performance of SSCM for ornamental
corals in Indonesia. However, no prior studies have
systematically evaluated SSCM in ornamental coral
supply chains using the RAPFish method to identify di-
mension-specific vulnerabilities.

SSCM is comprehensively analysed using the Interpre-
tive Structural Modeling (ISM) approach, which is illus-
trated in four quadrants and targets seven (7) SSCM
practices (supplier, design, management, consumer,
worker, internal, and logistics) in the mineral and min-
ing industry in China (Jia et al., 2014). The Analytic net-
work process (ANP) - evidential reasoning (ER) is an-
other method used in the marine aquaculture industry
along the Yellow Sea coast of China. This method is
applied to seven dimensions: economic, environmen-
tal, social, resilience, stakeholders, value co-creation,
and innovation (Wan et al., 2021). The position of var-
iables in SSCM practices is solely determined by the
propelling power and dependency of the variables,
as illustrated in a Cartesian diagram, using the ISM
model approach. Nevertheless, this model is unable
to identify the vulnerabilities in each SSCM practice.
On the other hand, the ANP-ER approach continues
to have constraints in identifying the most vulnerable
variables in each dimension, as it only displays sus-
tainability scores and rankings for each dimension.
The RAPFish method is a strategy that effectively il-
lustrates SSCM by pinpointing the most vulnerable or
influencing elements in SSCM.
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Methods

This study employed a descriptive case study method.
According to Nazir (2003), descriptive research inves-
tigates the status of a group of people, an object, a set
of conditions, a system of thought, or a class of events
in the future. Case studies focus on specific aspects of
the research subject’s personality, including individu-
als, groups, institutions, or communities. The goal is
to describe the case'’s background, characteristics, and
unique traits or status, which can then be generalised.
Case studies emphasise examining many variables in
a small number of units.

This research aimed to systematically, factually, and
accurately describe or explain the sustainable supply
chain events for ornamental corals, including the co-
ordination of product flows, service flows, and capital
flows from upstream to the focal firm. The study was
conducted in the Bali Strait waters from August 2023
to January 2024 and involved PT. AAM, an ornamental
coral export company.

The sampling method used in this research was non-

probability sampling with a snowball sampling tech-

nigue. The application of the snowball sampling tech-

nigue involved the following stages:

a Contacting key informant, specifically the focal firm PT.
AAM, which could provide information about its supply
chain activities.

b Information from the focal firm was used as a guide
to further trace supply chain members, namely local
company suppliers such as PT. LSA and PT. DAM.

¢ Gathering information from the local company suppli-
ers to identify supply chain members involved in col-
laborations with coral-harvesting fishers.

The SSCM for ornamental corals was evaluated using
the RAPFish method. According to Pitcher and Preik-
shot (2001), RAPFish, which stands for A Rapid Appraisal

Technique for Fisheries, is a new multidisciplinary rapid

assessment technique to evaluate the comparative sus-

tainability of fisheries, where fisheries can be flexibly de-
fined as entities with broad scope. The data analysis with

RAPFish consisted of the following analyses:

1 Multi-Dimensional Scaling (MDS): Ordination tech-
nigues were analysed with MDS to determine the po-
sition of good and bad points. The object points in MDS
were mapped into two- or three-dimensional space
and placed as closely as possible.
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2 Monte Carlo (MC): The Monte Carlo analysis evaluated
the impact of random errors to estimate the ordination
values.

3 Leverage: Leverage analysis was conducted to identify
sensitive attributes in each sustainability dimension.

Monte Carlo simulation was used to estimate errors,
while a stepwise procedure evaluated the leverage of
each attribute on the score. The status results were
quantified on a scale from 0 to 100%, and scores from
several domains were combined into a kite diagram to
enhance comparisons across fishery dimensions.

Several studies using the RAPFish method, with dimen-
sions and attributes customized to the researchers' re-
quirements, have been done, including those by: (Yasir
Haya and Fujii, 2020a; Franco-Melendez et al., 2021;
Jimenezetal, 2021; Lloyd Chrispin et al., 2022; Ainsworth
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et al,, 2023; Geria et al., 2023; Zuhry et al,, 2023). The
sustainability aspects were reviewed across five dimen-
sions that serve as parameters in SSCM: (1) economic,
(2) social, (3) environmental, (4) risk cost disruption, and
(5) government policy. Scoring was performed on each
attribute within these dimensions to assess the current
sustainability level of SSCM. Sensitive attributes that
influenced the SSCM sustainability index (existing con-
dition) were identified as key factors in the system, and
the influence and dependency levels among these fac-
tors were analysed. Subsequently, a needs analysis was
conducted to identify the needs of all stakeholders in the
system, determining the key factors for further influence
and dependency analysis. The key aspects from the ex-
isting condition and need analysis were combined to ob-
tain more representative results of the studied system's
influencing factors (leverage analysis).

Table 1. List and definitions of attributes used in the primary MDS RAPFish analysis

Attributes Scoring Good Bad

Notes

Economic analysis

Supply chain performance score: < 60 (1); 60-69 (2); 70-79 (3); 80-89 (4); 90-94 (5);

Net Income percentage per year: 10% — 40% (1); 41% — 80% (2); 81% — 100% (3)
Marketing sustainability conditions in industry area: bad (1); average (2); good (3)
The activities of business actors in managing the flow of goods from the end con-

sumer back to the beginning of the supply chain: low (1); medium (2); high (3)

The environment of the working area of staff: bad (1); average (2); good (3).
Business activities that consider ethics on their service issues: bad (1); average (2); good (3)

Conditions of business locations and the use of human rights principles: bad (1);

Corporate Social Responsibility activities done by Industry: low (1); medium (2); high (3)

Indonesia Minister of Marine Affairs and Fisheries Decree No. 70: over-exploited (3);
procurement of inputs/raw materials that consider sustainability factors: bad (1);
management to reduce negative impacts on the environment: bad (1); average (2);
The implementation of sustainable and eco-friendly technologies within the produc-
tion process: bad (1); average (2); good (3)

Expected disruption costs analysis

The costs incurred by business entities in the event of a breach of governmental regula-

Supply chain manage- | 1;2; 3; 6 !
ment performance 4,56 95-100 (6)
Profitability 1,2;3 3 1
Sustamgble 1:2:3 3 !
marketing
Reverse logistics 1,23 3 1
Social analysis

Working environment | 1;2;3 3 1
Service issues 1,2;3 3 1
Social status 1,23 3 1 average (2): good (3)
CSR activities 1,2;3 3 1

Environmental analysis
Exploitation status 1,23 3 1 fully exploited (2); moderate (1)
Enwronmental 1:2:3 3 !
purchasing average (2); good (3)
Environment
management 1:2:3 3 1 good (3)
Eco—friendly 1:2:3 3 !
technology
Penalty costs 1,23 3 1

tions or contractual agreements with other enterprises: high (1); medium (2); low (3)
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Notes

Costs that may occur due to unanticipated force majeure disruptions: high (1);

Costs incurred to fulfill stock shortages: high (1); medium (2); low (3)

Costs incurred due to imperfect condition of goods or mortality during shipping:

Costs due to damages the firm sustained include environmental harm, asset im-
pairment, reputational loss, or ecological degradation: high (1); medium (2); low (3)

Costs incurred during the production or maintenance process of goods: high (1);

The implementation of the laws and regulations: bad (1); average (2); good (3)

The implementation of the laws and regulations: bad (1); average (2); good (3)

Attributes Scoring Good Bad
Transportation failure 1:2:3 3 1
costs T medium (2); low (3)
Backlog/shortage 1:2:3 3 1
costs
Lost sales costs 1,23 3 1 high (1); medium (2); low (3)
Damage costs 1,2;3 3 1
Recovery costs 1,23 3 1 medium (2); low (3)
Government policy
Economic 1,23 3 1
Environmental 1,2;3 3 1
Social 1,23 3 1

Results and Discussion

The sustainability analysis in this study was conduc-
ted across five dimensions of sustainability related to
supply chain management: (1) economic, (2) social, (3)
environmental, (4) expected disruption cost, and (5)
government policy. The attributes and scoring were de-
rived from key informant opinions, site observations,
and literature reviews. The RAPFish analysis was then
performed using Microsoft Excel. Sustainability evalu-
ation results were categorized into four groups: unsus-
tainable, below-sustainable, average-sustainable, and
sustainable (Pitcher and Preikshot, 2001). The sustain-
ability performance categories are shown in Table 2.

Table 2. Sustainability performance categories

No Index Value (%) Category

1 0-25 unsustainable

2 >25-50 below sustainable
3 >50-75 average sustainable
4 >75-100 sustainable

Source: (Pitcher and Preikshot, 2001).

The SSCM evaluation of ornamental corals across eco-
nomic, social, environmental, expected disruption cost,
and government policy dimensions (Fig. 1) vyielded
an average score of 67.78%, placing it in the average

The implementation of the laws and regulations: bad (1); average (2); good (3)

sustainable category. It indicates that the SSCM of orna-
mental corals still needs to be fully sustainable, necessi-
tating further evaluation of each dimension’s issues.

Fig. 1. SSCM performance of ornamental corals based on multi-di-
mensional RAPFish analysis

Environmental
100 88.69

Government

Pkicy Social
46.99 — 1 5500
59.42 -
. 86.29
Expected :
Economic

Disruption Cost

Fig. 1, shows that the SSCM evaluation for ornamental
corals was sustainable in the environmental and eco-
nomic dimensions, average in the social and expec-
ted disruption cost dimensions, and below sustainable
in the government policy dimension. It indicates that
managing the ornamental coral supply chain needs to
focus on improving the less sustainable dimensions,
particularly government policy. However, sensitive



Environmental Research, Engineering and Management

attributes in other dimensions also need attention to
enhance the overall SSCM performance. The five di-
mensions are discussed as follows:

1 Economic dimension

The economic dimension shows significant increas-
es in sales and market share, substantial reductions
in waste and waste costs, and significant improve-
ments in resource management efficiency (Zailani et
al,, 2012). The SSCM performance for the economic di-
mension was 86.29%, categorizing it as sustainable. It
implies that using ornamental coral resources provides
long-term financial benefits, supporting SSCM. The
dominant attributes in the economic dimension were
SCM performance and business profitability. The role
of each economic attribute based on leverage analysis
is presented in Fig. 2.

Fig. 2 shows that the average SCM performance for
ornamental corals remains suboptimal, at 88.96, sug-
gesting that companies must improve their perfor-
mance to achieve sustainable economic goals. Carter
and Rogers (2008) suggest that developing clear long-
term economic strategies that include SCM activities
can create more durable and less imitable processes.
Additionally, Mastos and Gotzamani (2022) emphasize
that quality improvement is another crucial economic
factor through optimal SCM activities.
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The second attribute was profitability. Companies did
not publicly disclose their financial reports, but the high
price multiples of 2-3 times at each channel and the
high foreign market demand denote significant profits.
The high profitability of ornamental coral businesses
leads to intense competition among entrepreneurs, es-
pecially with foreign competitors. Riadi et al. (2018) re-
ported that between 2012 and 2016, Indonesia account-
ed for an average of 5.58% of global ornamental coral
exports, making it the world's second-largest exporter
after Japan, which held a share of 33.67%. The annual
average growth of Indonesia’s ornamental coral exports
during this period was 5.25%. The high competition in
the Indonesian ornamental coral business is driven by
significant foreign demand, resulting in an open market.
Currently, ornamental coral companies are divided into
two associations: AKKII for wildlife coral extraction and
KPKHN for coral aguaculture (coral transplantation).

2 Social dimension

The social dimension focuses on the health and
well-being of individuals within the supply chain and its
impact on the community (Beamon, 2005).

The SSCM performance for the social dimension was 55%,
which is considered average sustainable. This result indi-
cates that the social aspects of the ornamental coral busi-
ness significantly influence SSCM. Fig. 3, shows the role of
each social attribute based on leverage analysis.

Fig 2. Leverage analysis of the economic dimension on SSCM of ornamental corals

Reverse Logistic Activities
Sustainable Marketing
Profitabilitas

SCM Performance

Fig 3. Leverage analysis of the social dimension on SSCM of ornamental corals
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Fig. 3, shows that all social attributes significantly in-
fluence ornamental coral supply chain management.
The most dominant are corporate social responsibili-
ty (CSR) activities and service issues, followed by so-
cial status within the supply chain, respect for human
rights, and operating in safe working environments.

Workshops and training sessions are conducted for
employees, including fishers, on proper coral care and
harvesting. Although companies provide complete div-
ing equipment for coral extraction and care, Bajo tribe
fishers prefer using wooden goggles and compressors,
resulting in inadequate safety measures. Most fishers
are elementary school graduates, while office employ-
ees are college graduates, which impacts employee
mindset and performance. Export companies provide
health insurance, while two local companies use a re-
imbursement system for sick employees. PT. AAM and
PT. DAM owns excellent infrastructure, whereas PT.
LSA rents semi-permanent warehouses.

CSR is a commitment to improve community welfare
through prudent business practices and corporate re-
source contributions. Company social initiatives are
primary activities to support social goals and fulfil
CSR commitments (Intyas et al., 2017; Kotler and Lee,
2005). CSR activities by the company include training
and workshops on coral transplantation and care for
the community, students, fishing groups, POKMAS-
WAS, and others. Additionally, financial assistance is
provided upon request for social activities conducted by
the community, such as village celebrations, Independ-
ence Day festivities, cultural rituals, or religious events.
The community typically submits proposals for finan-
cial aid to the company. However, CSR activities were
not regularly conducted and depended on community
requests and the company’s capability. The company
has yet to initiate CSR activities independently and is
relying on external support from the community or ac-
ademia. Currently, based on research by Intyas et al.
(2023b), PT. LSA is the only company that collaborates
with academia (University of Mataram) for a regular
internship program. CSR activities for restocking were
also conducted in several areas. CSR activities by the
company were also based on government appeals to
plant corals in damaged reef areas, amounting to 10%
of the company’s annual total sales. Among the three
business actors, PT. LSA conducted most coral trans-
plantation activities, collaborating with related parties
to protect coral seedlings planted around their area.
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Service issues concentrate on company activities
related to ethics, including stakeholder inclusion,
preservation of cultural values, and benefits to the
surrounding community, which should be respected
and enhanced economically, socially, culturally, and
physically. Equality and fairness are also prioritized.
This principle aims to increase employment opportu-
nities for the local community and enhance communi-
ty-company partnerships (Dehghanian and Mansour,
2009; Intyas et al., 2018). Service issues addressed
by all business actors in the ornamental coral supply
chain open job opportunities as companies employ
local community members and fishers. PT. LSA em-
ployed ten fishers, of whom only three were perma-
nent employees, while the rest were freelancers. PT.
DAM had only five employees, three of whom were
local community members, while PT. AAM employed
ten permanent employees from the local community
and fishers. PT. AAM also partners with fishing groups
using a nucleus-plasma system for coral transplanta-
tion at Pandawa Beach.

Cultural factors also impact the working environment
and quality, with companies adapting to local customs,
such as numerous holidays for religious rituals in Pu-
lau Kaung and Bali. This cultural factor affects employ-
ee performance, with most workers being residents.
Additionally, the lack of waste management in Pulau
Kaung leads to littering around the waters, necessi-
tating company intervention to address global marine
waste issues.

3 Environmental dimension

The environmental goal of supply chain management
is to consider the total impact of all processes and
products on the environment to protect nature (Bea-
mon, 2005). The environmental dimension focuses on
resource usage and its impact on the physical environ-
ment (Marshall et al., 2015).

The SSCM performance for the environmental dimen-
sion was 88.69%, categorizing it as sustainable. It im-
plies that the environmental quality, coral resources,
and wildlife processes are in good condition and sup-
port SSCM activities. Proper management can main-
tain future environmental dimension index values.
Fig. 4, shows the role of each environmental attribute
based on leverage analysis, with environmental man-
agement and exploitation status being the most sensi-
tive attributes.
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Based on Fig. 4, the sensitive attributes were environ-
mental management and exploitation status, while
other attributes were satisfactory. This ornamental
coral business uses environmentally friendly technol-
ogy with simple tools that do not harm the aquatic en-
vironment. Likewise, environmental purchasing starts
with packaging, products, and warehousing that do not
pollute the environment.

Implementing environmental management offers ben-
efits like pollution reduction, process efficiency, com-
pliance improvement, and enhanced environmental
performance (Putri and Indriana, 2017). Good environ-
mental management protects the environment from
ornamental coral business impacts, ensuring optimal
and sustainable resource utilization. Ornamental cor-
als are living organisms, and their extraction and care
processes do not cause environmental damage or pol-
lution, with minimal ammonia used for care. Ammo-
nia levels used for maintenance are only about 5 litres
per week, and local companies precipitate them first to
be used as plant/soil fertilizer. In contrast, exporters
treat the water used for maintenance using steamer
technology so that the water wasted from the coral
maintenance process does not contain ammonia lev-
els. Coral transplants carried out in in situ areas in the
waters provide habitat for fish and marine animals and
become a food source for fish and seabirds.

Resource utilization levels are assessed by comparing
fisheries resource production with maximum sustain-
able yield (MSY) values. The value of the utilization rate
is expressed in units of percent, which states the condi-
tion of the utilization status of fish resources in a body
of water using the Schaefer biological approach (Fauzi,
2010). The environmental dimension’s exploitation sta-
tus reflects fisheries’ resource utilization levels. Based
on this study, only the local company PT. LSA engaged
in moderate wildlife extraction. At the same time, PT.
DAM only transplanted corals and bought broodstock

from other companies, and PT. AAM acted solely as an
exporter.

4 Expected disruption cost dimension

Although the likelihood of disruption is low, its po-
tential impact on the entire supply chain network can
be significant. Therefore, it is essential to account for
these risks to maintain uninterrupted supply chain op-
erations. These disruption risks are dynamic because
the parameters used to measure these risks change
over time. Factors such as natural disasters, political
crises, financial crises, human-caused disasters, pan-
demics, weather, and others are causes of disruption
(Joshi, 2022). Disruption risks result in costs within
supply chain management.

The SSCM's performance in the disruption cost risk di-
mension was 59.42%, indicating that this study’s dis-
ruption cost dimension for ornamental coral supply
chain management falls into the average sustainable
category. This means that the disruption cost risks
arising in the ornamental coral business significantly
affect the management of the ornamental coral supply
chain. The role of each disruption cost attribute based
on leverage analysis can be seenin Fig. 5.

Based on Fig. 5, the most dominant attribute in expect-
ed disruption cost was transportation failure costs, fol-
lowed by penalty costs. Product recovery costs occur
if only the cultivated coral is damaged due to weather
factors, making this cost challenging to predict. How-
ever, the company has invested in ex-situ cultivation
areas to mitigate this risk. Stockout costs only occur at
the beginning of transactions with new consumers, as
the established trust system is solely based on compe-
tence trust. If such costs arise, the company is likely to
discontinue future cooperation. Damage costs typically
account for only 1-10% of the total products shipped,
and these costs are borne by the seller, who risks
non-payment or the obligation to replace the goods.
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Fig 5. Leverage analysis of the expected disruption cost dimension on SSCM of ornamental corals
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Transportation failure costs were also dominant, often
caused by weather conditions. Unpredictable weather
can delay shipments, particularly for international de-
liveries. The short lifespan of coral becomes a signifi-
cant issue if there is a transportation failure, which can
result in the death or injury of many ornamental cor-
als. Transportation failures usually occur via sea and
air routes, ultimately delaying departures. The length
of these delays can also affect permit documents, such
as a Domestic or International Fish Transport Permit,
due to expiration. Transportation failure costs are high-
er for exported coral products.

Penalty costs arise from company violations, and the
exact amount is often unclear and undetermined. The
company frequently incurs penalty costs when the
fishers it employs do not adhere to regulations or en-
gage in illegal coral harvesting.

5 Government policy dimension

The term policy refers to the behaviour of some actor
or group of actors, such as officials, government agen-
cies, or legislative bodies, in areas of activity such as
public transportation or consumer protection. A poli-
cy is a set of purposeful and relatively stable actions
followed by an actor or set of actors in addressing a
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problem of concern. Regulatory policies impose re-
strictions on the behaviour of individuals and groups.
This condition means this regulation reduces the regu-
lated parties’ freedom of action. In this regard, this pol-
icy differs from distributive policies, which increase the
freedom or discretion of the affected person or group
(Anderson, 2003).

SSCM's performance in the government policy dimen-
sion was 46.99%, which shows that this study’s gov-
ernment policy dimension for ornamental coral supply
chain management is included in the below sustaina-
ble category. It implies that ornamental coral supply
chain management remains suboptimal from a public
policy perspective, even though explicit legal permits
for coral collection and transplantation have been ob-
tained. The role of each policy attribute from the lever-
age analysis is illustrated in Fig. 6.

Fig. é reveals that economic and social policies are the
most influential attributes in the dimension of gov-
ernment policy. Notably, the environmental policy has
seen significant changes with the introduction of the
2024 Marine Spatial Planning (MSP) policy. This policy
has led to the establishment of quota restrictions and a
tagging system for coral transplants, marking a crucial
shift in the industry.

Fig 6. Leverage analysis of the government policy dimension on SSCM of ornamental corals
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The government's economic policy regulates the trade
of ornamental corals. The policy includes tax policy,
non-tax state revenue (PNBP), retribution, licensing,
and stringent regulations since some coral species are
listed under CITES, requiring detailed quota limitations
as follows:
The company tax policyis similar to other businesses,
but a specific PNBP policy exists for the soft corals’
ornamental trade. It includes transportation fees and
PNBP Trade Levies based on Government Regulation
Number 85 of 2021 issued by the Ministry of Marine
Affairs and Fisheries.
Licensing needs to be clarified as it is regulated
by two ministries: the Ministry of Environment and
Forestry (KLHK) for hard corals and the Ministry of
Marine Affairs and Fisheries (KKP) for soft corals,
making the licensing process more complex. The
trade of different coral types varies; hard corals
have quota restrictions, while soft corals can be
freely traded but only by those with the necessary
permits. This limited licensing has resulted in fishers
becoming mere laborers due to a lack of capital and
knowledge. Field conditions indicate that illegal
fishing practices are also prevalent among fishers.
Rapid changes in regulations make the ornamental
coral industry highly volatile. For instance, in mid-
August 2016, the Minister of Marine Affairs and
Fisheries issued a moratorium on ornamental
coral trade due to increased coral damage from
trade activities without providing solutions for the
affected businesses. This policy was analyzed by
(Hadi et al. 2018; Riadi et al., 2018), who found that
coral damage was primarily due to climate change
and environmentally unfriendly fishing practices,
as assessed by LIPI through the COREMAP-CTI
program. Direct losses reported by businesses
and workers in the ornamental coral farming
sector indicated that throughout 2018, association
members suffered losses exceeding IDR 100 billion,
and 12,000 workers lost their jobs.

Those conditions align with Shohibudin’s (2018) argu-
ments that existing economic policies merely facilitate
the interests of a select elite. Policy implementation in
the field tends to be urban-biased, with control over
agrarian resources concentrated in the hands of a few.
As a result, agrarian conflicts, with downstream effects
such as loss of livelihood and upstream root causes
like unequal distribution of resources, are addressed
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superficially at the downstream level without tackling
the comprehensive upstream root causes.

Social policy is a set of policies and actions to enhance
social welfare and well-being. Social policy can en-
compass all policies with a social dimension or social
welfare implications. Social policy is where the govern-
ment strives for social protection and citizen welfare
(Wahyunengseh, 2011). The government has attempt-
ed to implement social policy in the ornamental coral
industry by encouraging companies to employ local
fishers or community members in coral utilization ac-
tivities. However, this policy has provided them with
minimal protection and welfare. Although employment
levels have increased, only a few fishers have benefited
from these opportunities. Additionally, fishers receive
the least profit because their income depends on the
companies. Fishers who do not have licenses or are
not employed but are aware of market prices ultimate-
ly choose to sell corals illegally. Despite the significant
revenue from the ornamental coral trade, the local
fishing communities affected by the industry have not
benefited substantially, mainly due to their limited cap-
ital and knowledge.

Furthermore, Monte Carlo (MC) analysis was used to
evaluate the impact of random errors on the dimen-
sion by examining (1) the effect of errors in attribute
scoring, (2) the impact of score variation, (3) the sta-
bility of the repeated MDS analysis process, and (4) er-
rors in data entry or missing data. The accuracy of the
RAPFish analysis was determined by calculating the
S-Stress values and the coefficient of determination
(R?). The comparison results are presented in Table 3.

Table 3. Comparison of multi-dimensional scaling (MDS) with
Monte Carlo (MC) and goodness of fit for sustainability in SSCM
ornamental corals

Difference

Dimension MDS MC MDS-MC R?  S-Stress
Economic 86.29 85.64 0.65 0.93 0.19
Social 55.00 54.65 0.35 0.93 0.22
Environmental 88.69 87.89 0.80 0.93 0.17
ExpectedDis- | 5o 1) 5851 091 | 092 016
ruption Cost
Government 4699 4689 010 092 024
Policy
Average 0.93 0.19
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The low error difference between MDS and MC values
suggests that the MDS values have a high confidence
level due to minimal misinterpretation or procedural
errors regarding the indicators. The variation in dimen-
sion scoring produces a slight difference between MDS
and MC, indicating that the discrepancy calculations
are acceptable (Pitcher and Preikshot, 2001). Table 3
depicts the five dimensions yield an average determi-
nation calculation (R?) of 0.93 or 93%, approaching the
100% value, and an average S-Stress value of 0.19, be-
low 0.25. Therefore, the model is considered good or
highly accurate. The most significant difference in the
sustainability index results with Monte Carlo is 0.90%,
indicating minimal error affecting the MDS results in
this study, suggesting that the MDS values have a high
confidence level. The low S-Stress values indicate high
accuracy (goodness of fit). A good model is indicated
by S-Stress values less than 0.25 (< 25%) with a coeffi-
cient of determination (R?) close to 1.0 or 100%.

Conclusions

The performance of the SSCM for ornamental coral,
assessed multidimensionally based on economic, so-
cial, environmental, disruption cost risk, and govern-
ment policy dimensions, yields an average score of
67.28%, categorizing it as average sustainable. This re-
sult indicates that the SSCM for ornamental coral is not
yet fully sustainable. The dimension below sustainable
is government policy (46.99%), with the most sensitive
attributes being economic and social policies. Econom-
ic policies include the magnitude of retribution per cor-
al species, the licensing process, and regulations gov-
erning coral utilization through two ministries. Rapidly
changing regulations, such as the 2016 moratorium
on ornamental coral trade, were implemented without
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