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Mitigation of supply chain risks is an effort in minimizing the risks present in the production and
supply of trash fish that belong to tuna types. This can be done through the adoption of traceability
and sustainability in the management of fishery supply chain. Various mitigation strategies can be
adopted to achieve this purpose effectively. The current research seeks to mitigate supply chain risks
in Trash fish industry using House of Risk (HOR) approach. To begin with, business activities must be
mapped in order to identify the risks involved. This study recommends investment in agencies in order
to mitigate risks along the seafood supply chains. Moreover, it talks about traceability schemes and the
supply chain of Trash fish in Indonesian fishing ports. Wild seafood supply chains are characterized
by producers starting up activities while the activities end when consumers get products after passing
through many intermediaries. Results of the study revealed 13 risk events and 16 risk agents along the
supply chain, especially during fish auctions. Seven mitigation actions were proposed based on three
dominant risk agents identified in this research. Four major mitigation strategies were also identified in
order to make the strategy effective in mitigating supply chain risks.

© SEECMAR | All rights reserved

1. Introduction.

Supply chain risk mitigation in the trash fish type of tuna in-
dustry refers to systematic efforts to reduce the likelihood and
impact of disruptions across production and distribution activi-
ties (Misbah and Muyasaroh, 2019). These risks include supply
chain disruptions, Illegal Unreported and Unregulated (IUU)
fishing, economic instability among fishers, and product loss
and waste throughout the supply chain (Qureshi et al., 2020;
Shahbaz et al., 2019). Due to the perishable nature of fishery
products and the complexity of multi-actor supply chains, ef-
fective risk management is essential to ensure product quality,
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supply continuity, and economic sustainability.

Various mitigation strategies have been proposed in previ-
ous studies. These include adopting digital technologies such
as blockchain to enhance transparency, diversifying fishermen’s
income sources to improve resilience, and reducing post-harvest
losses (Abdullahi et al., 2025; Cromwell et al., 2025). In addi-
tion, proactive risk assessment throughout the supply chain life-
cycle is essential to identify critical risk sources and determine
appropriate mitigation actions (Mostaghel et al., 2019; Turukay
et al., 2021). Advanced decision-support approaches, such as
fuzzy-based prioritization models, have also been developed to
improve the effectiveness of risk mitigation strategies in agri-
food supply chains (Ibrahim et al., 2026). Furthermore, inte-
grating innovative risk mitigation strategies with sustainability-
oriented approaches has been shown to enhance supply chain
resilience and long-term performance in food processing indus-
tries (Mustaniroh et al., 2025).

In the fisheries sector, risk mitigation is closely related to
the implementation of traceability systems and sustainability-
based supply chain management practices (Hopkins et al., 2024;
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Nguyen et al., 2021). These approaches enable better monitor-
ing of product flows, reduce fraud risks, and improve coordi-
nation among supply chain actors. In addition, strengthening
institutional roles and regulatory oversight is critical to ensure
effective risk governance, particularly in seafood supply chains
characterized by uncertainty, seasonality, and dependence on
natural conditions. Previous studies have also highlighted the
importance of sustainability assessment in tuna fisheries, partic-
ularly in coastal areas such as Pasuruan, where ecological, eco-
nomic, and social dimensions are closely interconnected (Munir
and Misbah, 2025).

In Indonesia, several studies have explored risk manage-
ment approaches in fisheries product and supply chains. Su-
cipto et al., (2018) analyzed the quality of vacuum packaging
of frozen fish. These include risk identification and monitoring
in supply chains (Oyanedel et al., 2024; Sumrit and Srisawad,
2022), as well as the implementation of traceability systems
to enhance transparency and coordination within supply chains
(Cordova and Aguirre, 2022; Cromwell et al., 2025). In ad-
dition, structured risk assessment methods such as the House
of Risk (HOR) have been applied to improve risk management
performance (Purwaningsih and Hermawan, 2021). Other stud-
ies have emphasized the importance of institutional support and
governance mechanisms in improving supply chain resilience
(Love et al., 2021; Lu et al., 2023). These approaches indicate
that both technological and managerial strategies are essential
in addressing risks in fisheries supply chains

However, previous research on the trash fish type of tuna
supply chain has primarily focused on sustainability performance
and general supply chain management, such as the application
of sustainable supply chain management (SSCM) approaches
using multidimensional scaling methods (Misbah et al., 2025).
While these studies provide important insights into sustainabil-
ity dimensions, they have given limited attention to structured
and quantitative risk mitigation frameworks that systematically
link risk identification, prioritization, and mitigation actions.
In particular, empirical studies addressing small-scale, auction-
based fisheries supply chains remain scarce, despite their high
exposure to uncertainty and operational risks.

Therefore, this study aims to identify, assess, and prioritize
risk mitigation strategies in the trash fish type of tuna supply
chain using the House of Risk (HOR) approach. By integrating
risk mapping with quantitative prioritization, this study con-
tributes to bridging the gap between conceptual risk manage-
ment approaches and their practical application in small-scale
fisheries supply chains.

2. Material and Method.

2.1. Data Collection.
This study took place in the coastal area of Pasuruan Re-

gency, East Java, Indonesia, a key hub for processing trash fish,
particularly the cob type. The House of Risk (HOR) method
was used to identify, assess, and develop strategies to mitigate
risks in the trash fish supply chain throughout 2023.

The data were collected from 30 respondents across the sup-
ply chain, including fishermen, fish processors, and fish traders.

In-depth interviews is to get insight into the prevailing condi-
tions in actual supply chains, and questionnaires were used to
assess risk probability and the impact of different risks. The
research method employed a mixed-methods approach, com-
bining quantitative and qualitative methods. The HOR model
was used in two steps: risk identification and the formulation of
risk mitigation strategies.

2.2. Data Analysis.

The analysis of risks in the supply chain of trash fish-type
tuna industries in the Regency of Pasuruan will be undertaken
using the HOR approach. Key participants include fishermen,
micro-enterprise processors, collectors, and traders to conduct
risk analysis and mitigate risks.

1. Risk Identification and Prioritization (HOR Phase 1).

(a) Risks for fishermen include fluctuations in catches,
weather uncertainties, and price instabilities caused
by reliance on intermediaries.

(b) Risks for collectors include logistics inefficiency,
variations in demand and unreliable suppliers.

(c) Risks for processors of micro-enterprises include
fluctuating supplies, inadequate handling, and a lack
of capital resulting in low quality products.

(d) Calculation of Aggregate Risk Potential (ARPj) will
be done based on the stakeholder’s assessment to
identify crucial risks.

2. Risk Mitigation and Strategy Formulation (HOR Phase
2).

(a) Cold storage improvement for fishermen and coop-
erative - based pricing model.

(b) Quality control improvement and micro-finance for
processors.

(c) Digital traceability system and demand forecasting
for collectors.

(d) Use of the Effectiveness to Difficulty Ratio (ETDk)
in prioritizing interventions.

2.3. Data Processing Stage.

In this analysis, risk events across the four major stages of
the supply chain will be evaluated using the HOR approach.
The scale used to determine risk severity ranges from 1 to 10,
with 10 being the most severe.

1. Planning Stage.
Identified Risks:

(a) Inaccurate forecasting of fish demands can lead to
shortage or excess of stocks which affects opera-
tions.

(b) Inadequate warehouse capacity may affect inven-
tory management.

(c) Mistakes in the fish delivery plans result in delays
and losses.

(d) Ice shortage impacts the freshness of fish products.

Risk Implications:
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(a) Inaccurate forecasting of fish demands can lead to
shortage or excess of stocks, which affects opera-
tions.

(b) Inadequate warehouse capacity may affect inven-
tory management.

(c) Mistakes in the fish delivery plans result in delays
and losses.

(d) Ice shortage impacts the freshness of fish products.
2. Sourcing Stage.

Identified Risks:
(a) Fluctuation in price of fish products due to fluctua-

tion in volume of catches.
(b) Orders by collectors may be cancelled thus accu-

mulating inventory and losses.
(c) Weather conditions may disrupt fish catch and avail-

ability of fish products.
Risk Implications:

(a) Risk factors such as price fluctuations and order
cancellations affect the supply chain and cost man-
agement.

(b) The effects of weather conditions require the devel-
opment of a flexible supply chain.

3. Production Stage.
Identified Risks:

(a) Spoiling of fish through inefficient handling impacts
their quality and value.

(b) Inconsistency in the process of packaging impacts
quality perception.

(c) Delaying in packaging impacts costs and efficiency.
(d) Insufficient unloading area impacts production.

Risk Implications:
(a) Spoiling of fish products and insufficient unloading

area are the most important factors to be considered
for production and quality assurance.

(b) Factors like inconsistent packaging and delays in
the packaging process create inefficiencies.

4. Delivery Stage.
Identified Risks:

(a) Delay in fish shipment results in spoilage and de-
cline in market value.

(b) Delay in docking of ships interrupts the logistics
process.

Risk Implications:
(a) Shipping delays have high operational impact, af-

fecting fish freshness and customer satisfaction.
(b) Docking delays, while less severe, can cause schedul-

ing disruptions.

3. Results.

Two elements are analyzed: identifying potentially risky
events and potentially risky agents. In the case of risk events,
the goal is to identify risk events and assess their significance.
As for risk agents, the goal is to determine the source of risk
and provide a value that represents the likelihood of each risk
agent occurring. Additionally, potential risks or errors are iden-
tified for each activity in the process based on their respective
probabilities.

3.1. Supply Chain Activity Mapping.
Results were obtained through a detailed mapping of the

planning, sourcing, production, shipping, and return processes
at the Pasuruan fish auction site during this study. This achieve-
ment is made possible by identifying risk events and the un-
derlying causes (risk agents) of each occurrence. A weight-
ing procedure is carried out after data is collected from the
field. This step involves distributing questionnaires to 25 re-
spondents, which provide information about risk events, their
severity, risk agents, and their respective event rate values. Re-
spondents include those involved in risk events, severity values,
risk causes, and occurrence values (Table 1).

Table 1 describes the risk events identified in the planning,
sourcing, production, and delivery processes. This information
was obtained through interviews with fishermen, collectors, and
retailers. A total of 13 risk events were identified and further
processed based on supply chain activity mapping. After deter-
mining the risk events, an impact assessment (severity) is con-
ducted using a scale of 1-10. The average value is then calcu-
lated to determine the severity value. The next step is to identify
the sources of risk (risk agents), obtained through interviews,
observations, and brainstorming sessions with experts: fisher-
men and collectors. The following provides an overview of the
identified risks responsible for these risk events, along with the
event rate or probability of each occurrence (Table 2).

Table 1: Identification of Risk Events.

Source: Authors.
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Table 2: Identification of Risk Agents.

Source: Authors.

The identification process resulted in 16 risk causes (risk
agents). In addition, an event value was assigned to each risk
cause. After understanding the risk incidents and the factors
that trigger them, and evaluating their severity and frequency,
the next step is to perform calculations for Phase 1 of the HOR
and assign a relationship score.

3.2. House of Risk Phase 1.
After recognizing the risks and assessing their severity and

frequency, the relationship between each risk event and its trig-
gering factor will be determined using the relevant correlation
value. Furthermore, the overall potential risk value will be cal-
culated to prioritize handling risk sources. These risk sources
will be ranked by their Aggregate Risk Potential (ARP) from
highest to lowest (Table 3).

Table 3: Identification Risk Agent.

Source: Authors.

Referring to the HOR Phase 1 table above, the risk agent
with the highest accumulated potential risk score is A10, which

relates to fish storage techniques that do not follow proper pro-
cedures. In contrast, risk agent A13, which handles a few scales,
has the lowest accumulated potential risk value. The identifica-
tion of the dominant risk agent is followed by risk assessment.

Risk Evaluation.
The main objective of this risk assessment is to identify the

key triggers for risks that must be addressed, taking into ac-
count the previously determined risk value. This risk assess-
ment will use Pareto diagrams to establish problem-solving pri-
orities. The 80:20 rule assumes that addressing 20% of the ma-
jor risk sources reduces 80% of the remaining risks (Figure 1).

Based on the Pareto analysis in the graph, three risk agents
with the highest ARP are A10, A2, and A6. These agents con-
tribute most significantly to the overall risk impact in the sup-
ply chain. The cumulative curve further indicates that a small
number of risk agents account for the majority of the total risk
impact. This finding is consistent with previous studies high-
lighting that improving supply chain performance requires pri-
oritizing critical risk factors that contribute most significantly
to operational inefficiencies (Manggala et al., 2024).

Figure 1: Risk Evaluation Pareto Diagram.

Source: Authors.

The top 20 percent of risk agents produce 80 percent of the
risk impact in the supply chain. According to the Pareto prin-
ciple, managing the top three risk agents (A10, A2, and A6)
will reduce a considerable amount of risk impact in the supply
chain.

If we want to develop an effective risk mitigation strategy,
priority should be given to addressing these key risk agents, as
they have the greatest potential to disrupt supply chain opera-
tions. The principal ARP values of these three risk-triggering
factors are presented in Table 4.

3.3. House of Risk Phase 2.

In this phase, decisions are made regarding further actions
to mitigate risks and minimize potential losses. Experts from
various fields are involved in this process. Phase 2 of the House
of Risk involves designing a risk management plan evaluat-
ing the relationship between the risk management plan and risk
agents using data from Phase 1 of the House of Risk and Calcu-
lating Total Effectiveness (TEk) Degree of Difficulty (Dk), and
Effectiveness to Difficulty (ETDk) to determine which actions
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Table 4: Dominant Risk Agents.

Source: Authors.

are the most important to take. In the previous stage, treatment
was focused on the three dominant risk agents. From these risk
agents, seven mitigation measures have been planned. The rec-
ommended risk mitigation strategies are presented in Table 5.

Table 5: Risk Mitigation Ranking.

Source: Authors.

After assessing the level of difficulty (Dk), the next step is
to determine how correlated the treatment strategy is with the
identified priority risk sources. After obtaining the correlation
value, the Total Effectiveness (TEk) value is calculated, repre-
senting the effectiveness of the risk management strategy. Next,
the Effectiveness to Difficulty Ratio (ETDk) is calculated by
dividing the Total Effectiveness (TEk) by the Difficulty Level
(Dk). The final step involves determining the order of impor-
tance of the identified coping strategies (ETDk). This is done
based on the effectiveness relative to difficulty. The table below
presents the calculation results of Phase 2 of the House of Risk
(Table 6).

The HOR Phase 2 calculation results show that the risk
mitigation measure arrangement is based on the highest ETDk

Table 6: House of Risk Phase 2.

Source: Authors.

value. The order or ranking of risk management strategies is
presented in Table 7.

Table 7: Risk Agent Ranking.

Source: Authors.

The priority order of the seven risk mitigation measures is
determined based on the table. After that, the primary mitiga-
tion determination is made based on the highest ETDk value, as
a higher ETDk indicates greater effectiveness in its implemen-
tation. The ETDk value is displayed in a Pareto graph (Figure
2).

Based on the Figure, four main mitigation strategies were
selected based on their implementation effectiveness. These
four strategies resulted in an effectiveness of 74.70% of the to-
tal accumulated ETDk value. Therefore, here are the four key
mitigation strategies that can be implemented:

1. Prioritize the Implementation of PA4 and PA5 Strategies.

(a) With the highest ETDk values (PA4 = 2305.8 and
PA5 = 1977.75), these two strategies should be the
main focus of improvement efforts.

(b) This can be achieved by allocating more resources,
both financially and technically, to ensure that cold
storage (PA4) and collaboration with fishery man-
agers (PA5) operate optimally.
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Figure 2: Pareto Risk Mitigation Diagram.

Source: Authors.

This is in line with findings from modern fish market
management studies, which emphasize that effective gov-
ernance, infrastructure development, and stakeholder co-
ordination are key factors in improving operational effi-
ciency and supply chain performance in fisheries (Wu-
landari et al., 2022).

2. Optimize PA2 and PA3 Strategies.

(a) The PA2 (SOP for fish storage) and PA3 (evaluation
of fish storage techniques) strategies play a crucial
role in sustaining risk mitigation efforts.

(b) SOP development should align with industry stan-
dards and best practices, and fish storage evaluation
should be conducted periodically by competent per-
sonnel.

3. Reassess Strategies with Lower ETDk Values (PA1, PA7,
PA6).

(a) These strategies have a lower overall impact on risk
reduction. Therefore, before allocating resources to
PA1, PA7, and PA6, ensure that high-ETDk strate-
gies have been well-executed.

(b) These strategies can serve as additional support to
strengthen the existing mitigation system.

4. Regular Evaluation and Monitoring.

(a) Conduct periodic monitoring of the effectiveness of
implemented mitigation strategies.

(b) Use data from initial implementation to adjust meth-
ods or policies to enhance efficiency and effective-
ness.

Conclusions.

In the supply chain process at the fish auction, 13 risk events
and 16 risk agents were identified. Among the 16 risk agents,
three were identified as dominant: improper fish storage tech-
niques (A10), fluctuations in fish stock (A2), and fishermen fail-
ing to catch fish (A6).

Based on three dominant risk agents, seven mitigation ac-
tions were proposed. Considering the effectiveness of each mit-
igation action, four key mitigation strategies were determined:
providing cold fish storage (PA4), collaborating with fishery
managers (PA5), establishing standard operating procedures for
fish storage (PA2), and conducting regular evaluations of fish
storage techniques performed by employees (PA3).

This study employs the House of Risk (HOR) framework to
analyze risk identification and mitigation in the tuna-type trash
fish supply chain in Indonesia. A total of 13 risk events and
16 risk agents that consult stakeholders at fish auction sites;
three dominant risk agents are: improper fish storage practices,
fluctuating catch volumes, and unsuccessful fishing operations.

Seven mitigation measures were proposed to address these
key risk agents. Four primary strategies were prioritized: (1)
developing cold storage facilities, (2) strengthening collabora-
tion with fisheries authorities, (3) implementing standard op-
erating procedures (SOPs) for fish handling, and (4) conduct-
ing regular evaluations of storage practices. These strategies
are expected to benefit fishermen, processors, and collectors by
reducing spoilage, improving product quality, and stabilizing
supply.

The findings provide important practical and policy impli-
cations. Stakeholders are encouraged to support infrastructure
development, capacity building, and institutional collaboration
to ensure effective implementation. For example, investing in
storage facilities and establishing cooperatives can enhance op-
erational efficiency, while training programs are essential to en-
sure compliance with established procedures.
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