
Journal Industrial Servicess is licensed under a 
Creative Commons Attribution-ShareAlike 4.0 
International License (CC BY-SA). 

Journal Industrial Servicess, vol. 9, no. 1, April 2023 

 
*Corresponding author: 
Email: maria@untirta.ac.id 

http://dx.doi.org/10.36055/jiss.v9i1.18953 

 

 
Identification and strategy for the risk mitigation of supply chain with Fuzzy 
House of Risk: A case study in pallet products 

Maria Ulfah*, Achmad Bahauddin, Dyah Lintang Trenggonowati, Ratna Ekawati, Faula Arina, Atia Sonda, 
Asep Ridwan, Putro Ferro Ferdinant 

Department of Industrial Engineering, Universitas Sultan Ageng Tirtayasa, Jl. Jend. Sudirman KM 3, Cilegon 42435, Banten, Indonesia  

A R T I C L E  I N F O 
 
A B S T R A C T 

Article history: 
Received 26 January 2023 
Received in revised form 12 March 2023 
Accepted 18 March 2023 
Available online 18 March 2023 

 
X Corp. is a manufacturing company that produces various wood packaging 
products, including pallets, which are in high demand, particularly for export 
commodities. However, the company's supply chain activities are often affected by 
various risks. If these risks are not addressed in a timely manner, they could disrupt 
the supply chain and lead to negative consequences for the company. Therefore, the 
company management needs to implement supply chain risk management to identify 
and mitigate these risks. This study aims to identify the risks that have occurred or 
are likely to occur in the supply chain of X Corp. and determine which risks should 
be prioritized for mitigation. The fuzzy house of risk method was used to analyze the 
data. The results of the study identified 38 risk events and 22 risk agents. 
Additionally, 17 proactive actions were proposed to the company to address the 
priority risk agents and mitigate their potential impact. 
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1. Introduction 

The supply chain refers to a network of companies 
that collaborate to create and deliver products to the 
end consumer [1]. However, managing supply chain 
activities is not easy, as there are various risks that could 
disrupt the company's operations. To minimize these 
risks, companies need to implement risk management 
practices that enable them to identify and control 
potential risks at every stage of the supply chain. 
Supply Chain Risk Management (SCRM) has gained 
significant importance in recent years as it helps to 
reduce the level of uncertainty in the supply chain [2], 
[3]. SCRM enables companies to identify and assess 
supply chain disruptions, as well as minimize the 
negative impact on supply chain performance [4]. To 
effectively manage the supply chain, companies need to 
manage three types of flows: raw materials, money, and 
information [5]. SCRM has a significant influence on the 
cooperation among partners and the performance of the 
entire production chain [6]. It encompasses various 
strategies, including identifying, assessing, mitigating, 
and monitoring unexpected events or conditions that 
may have an adverse impact on any part of the supply 
chain [7]. As such, supply chain risk management has 

become essential for the success of supply chain 
operations [8]. Risk management involves making 
decisions to accept, avoid, transfer, or share a known 
risk, or implementing actions to reduce the 
consequences or probability of an adverse event [9]. In 
summary, effective SCRM practices are critical for 
companies to manage risks and maintain the stability of 
their supply chain operations. 

X Corp. is a manufacturing company that produces 
pallets, dunnage, wooden boxes, and haspels. The 
company has obtained registration from the 
Agricultural Quarantine Agency under the Indonesian 
Ministry of Agriculture to carry out treatment and 
marking certification of wood packaging used for 
commodity exports in accordance with the 
requirements of ISPM No. 15. Despite engaging in 
various supply chain activities, X Corp. still faces 
potential risks that may have negative impacts. One of 
these risks is the emergence of live insects or fungi, 
particularly on pallet products. This risk event can 
occur when the pallets are stored in unsterile areas, 
potentially leading to the re-emergence of live insects or 
mold on the pallets. The pallet products produced by X 
Corp. are widely used by customers, particularly for 
export purposes, and must meet strict requirements to 
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be considered sterile from Plant Destruction Organisms 
that could potentially disturb the ecosystem of the 
export destination country. 

Another risk that has occurred at X Corp. is the 
quality of raw materials received from suppliers that 
are not in good condition. Poor quality of raw materials 
is indicated by wood that does not meet quality 
standards, such as breaking easily during the 
production process, having cracks, or not meeting the 

specifications ordered by the company. 
Apart from that, another risk is the risk of work 

accidents. These risk events can occur due to employees' 
lack of concern for Health and Safety Environment. The 
conditions in the field also show that many workers do 
not use safety equipment when doing their work, so the 
risk of work accidents can occur at any time. 

In addition, there may be many other risks that have 
not been identified yet. Therefore, it is important to 
further investigate the risks in the supply chain flow, 
especially for pallet products at X Corp. The aim is to 
identify what risks have occurred or have the potential 
to arise along the pallet product supply chain flow at X 
Corp. and to make appropriate risk mitigation actions 
to prevent or reduce the risk agents from appearing. 
This will help minimize the impacts caused by the risk 
agents. 

In this study, the risks to be identified are the risk 
events and risk agents. These risks will be identified 
based on the mapping of pallet product supply chain 
activities at X Corp., with the help of the SCOR (Supply 
Chain Operations Reference) model. The SCOR model 
is a standard guideline that can assist companies in 
evaluating performance by identifying and measuring 
supply chain performance matrices [10]. To identify and 
assess risks, this study integrates the conventional 
house of risk method with the fuzzy logic approach, 
which aims to eliminate subjectivity by converting crisp 
numbers in the risk assessment questionnaire into fuzzy 
numbers. In this study, the FIS (Fuzzy Inference 
System) Mamdani was used because it is highly flexible, 
tolerates existing data, and is more intuitive and widely 
accepted. It covers a wide field and is in accordance 
with the human information input process [11]. 

Previous research on supply-chain risk management 
includes studies such as "Challenges in Reducing 
Seaweed Supply Chain Risks Arising within and 
outside Remote Islands in Indonesia: An Integrated 
MCDM Approach" [12], "Food Supply Chain 
Management: Systems, Implementations, and Future 
Research" [13], "House of Risk Approach for Assessing 
Supply Chain Risk Management Strategies" [14], and 
"Risk Mitigation Strategy for Mangosteen Business 
Using House of Risk (HOR) Methods" [15]. Other 
studies include "Risk Mitigation Design in the 
Production Process of Packaged Fruit Juice Drinks 
Using a Fuzzy-Based House of Risk (HOR) Approach" 
[16], "An Advanced Fuzzy Bayesian-Based FMEA 
Approach for Assessing Maritime Supply Chain Risks" 
[17], and "Conceptualizing Community in Disaster Risk 
Management" [18]. 

This research is expected to benefit PT. X by helping 
them identify the risks that have occurred or have the 
potential to arise in the supply chain flow, especially in 
relation to pallet products. By doing so, the company 
can anticipate any potential risks and develop effective 
mitigation strategies to deal with them. 

2. Material and method 

This research employs a descriptive approach that 

uses both quantitative and qualitative methods to 
collect data. The data collection includes conducting 
interviews with experts in X Corp., field observations, 
and distributing questionnaires to the company. The 
first step of the research is to map the supply chain 
activities at X Corp., using the SCOR model to identify 
the core processes: plan, source, make, deliver, and 
return. The second step is to identify potential risk 
events and agents that could disrupt supply chain 
activities. The third step involves conducting a risk 
analysis by assessing the severity, occurrence, and 
correlation of the risk events and agents. This includes 
a fuzzification process where the results of the risk 
assessment questionnaire are converted into linguistic 
variables to determine the degree of fuzzy membership 
of each input, followed by determining fuzzy rules to 
infer output based on input variables. The 
deffuzification process then maps the value of the fuzzy 
set into crisp numbers using the centroid method.  

The fourth step is conducting a risk evaluation using 
a Pareto diagram to determine priority risk agents for 
mitigation. The fifth and final step involves risk 
mitigation, which includes designing appropriate risk 
mitigation actions to prevent or reduce the potential 
risks in the supply chain. This step involves proactive 
action identification, followed by correlation 
assessment between risk agents and proactive actions, 
degree of difficulty assessment to determine the total 
effectiveness (TEk) and effectiveness to difficulty ratio 
(ETDk), and ultimately identifying which proactive 
actions to prioritize based on effectiveness and ease of 
implementation. The entire fuzzification and 
deffuzification process in this research was performed 
using Matlab 2013 software. 

3. Results and discussions 

3.1. Risk identification 

The risk identification process was carried out 
through observation, interviews, and brainstorming 
with company management. A crucial step in managing 
supply chain risks is classifying the sources of risk after 
identifying them to prioritize risks and allocate scarce 
resources optimally to minimize those with the highest 
likelihood of generating losses [19]. The results of the 
risk identification process revealed 38 risk events and 22 
risk agents. Table A1 (see Appendices) shows the 
results of the risk identification process. 
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3.2. Risk analysis 

At this stage, a risk assessment will be carried out, 
consisting of assessing the severity, occurrence, and 
correlation. Then, fuzzification and defuzzification will 
be conducted to determine the FARP value of each risk 
agent. The formula for the geometric mean (GM) in Eq. 
(1) is used to obtain the results of the severity, 
occurrence, and correlation values. 

 

𝐺𝑀 = √𝑥1𝑥2…𝑥𝑛
𝑛  (1) 

 
where n is the number of repondents, 𝑥𝑖 is the respond 
of respondent-i. The results of assessment for severity, 
occurrence, and correlation are attached in Appendices 
(Table A2, Table A3, Table A4). 

After the risk assessment is carried out, the fuzzy 
education process is conducted to convert firm numbers 
into fuzzy numbers. The fuzzification process requires 
fuzzy input and output fuzzy sets. The fuzzy input sets 
consist of fuzzy severity, occurrence, and correlation 
sets, while the fuzzy output sets consist of FARP fuzzy 
sets. The fuzzy severity set has five linguistic variables: 
very low (VL), low (L), normal (N), severe (S), and very 
severe (VS) with a scale from 1 to 10. The set of fuzzy 
occurrences in this study has three linguistic variables 
low (L), normal (N) and frequent (F) with a scale from 0 
to 1. The fuzzy correlation set in this study has three 
linguistic variables: low (L), medium (M), and high (H) 
with a scale from 1 to 9.  

Table 1, Table 2, and Table 3 describe the fuzzy 
severity, occurences, and correlation sets in tabular 
form. Fig. 1, Fig. 2, and Fig. 3 were created using Matlab 
2013 software: a graph for the fuzzy severity set, a graph 
for the fuzzy occurrence set, and a graph for the fuzzy 
correlation set. 
 
Table 1. 
Fuzzy set of severity 

Linguistics  Domain 

Very Low  [1 ; 1 ; 2.5 ; 4] 
Low  [2.5 ; 4 ; 5.5] 
Normal  [4 ; 5.5 ; 7] 
Severe  [5.5 ; 7 ; 8.5] 
Very Severe  [7 ; 8.5 ; 10 ; 10] 

 
Table 2. 
Fuzzy set of occurence 

Linguistics  Domain 

Low  [0 ; 0 ; 0.25 ; 0.5] 
Normal  [0.25 ; 0.5 ; 0.75] 
Frequent  [0.5 ; 0.75 ; 1 ; 1] 

 
Table 2. 
Fuzzy set of occurence 

Linguistics  Domain 

Low  [1 ; 1 ; 3 ; 5] 
Medium  [3 ; 5 ; 7] 
High  [5 ; 7 ; 9 ; 9] 

 
The membership function formulas for the fuzzy 

severity set are given by Eqs. (2)-(6). The membership 
function formula for the fuzzy occurence set Eqs. (7)-(9). 
The membership function formula for the fuzzy 
correlation set Eqs. (10)-(12). 

 

Very low = {

1

(4 - x)

(4 - 2.5)

  

x ≤ 2.5

2.5 ≤ x ≤4
 

(2) 

Low = {

0
(x - 2.5)

(4 - 2.5)

(5.5 - x)

(5.5 - 4)

  

x ≤ 2.5 atau x ≥ 5.5

2.5 ≤ x ≤ 4

4 ≤ x ≤ 5.5

 

(3) 

Normal = {

0
(x - 4)

(5.5 - 4)

(7 - x)

(7 - 5.5)

  

x ≤ 4 atau x ≥ 7

4 ≤ x ≤ 5.5

5.5 ≤ x ≤ 7

 

(4) 

Severe = {

0
(x - 5.5)

(7 - 5.5)

(8.5 - x)

(8.5 - 7)

  

x ≤ 5.5 atau x ≥ 8.5

5.5 ≤ x ≤7

7 ≤ x ≤ 8.5

 

(5) 

Very severe = {
(x - 7)

(8.5 - 7)

1
  
7 ≤ x ≤ 8.5

x ≥ 8.5

 
(6) 

 

Low = {

1

(0.5 - x)

(0.5 - 0.25)

  

x ≤ 0.25

0.25 ≤ x ≤ 0.5
 

(7) 

Normal = 

{
 

 
0

(x - 0.25)

(0.5 - 0.25)

(7.5 - x)

(7.5 - 0.5)

  

x ≤ 0.25 atau x ≥ 0.75

0.25 ≤ x ≤ 0.5

0.5 ≤ x ≤ 0.75

 

(8) 

Frequent = {
(x - 0.5)

(0.75 - 0.5)

1
  
0.5 ≤ x ≤ 0.75

x ≥ 0.75

 
(9) 

 

Low = {

1

(5 - x)

(5 - 3)

  

x ≤ 3

3 ≤ x ≤ 5
 

(10) 

Medium = {

0
(x - 3)

(5 - 3)

(7 - x)

(7 - 5)

  

x ≤ 3 atau x ≥ 7

3 ≤ x ≤ 5

5 ≤ x ≤ 7

 

(11) 

High = {
(x - 5)

(7 - 5)

1
  
5 ≤ x ≤ 7

x ≥ 7

 
(12) 

After carrying out fuzzification and determining the 
fuzzy rules, consisting of 45 rules [20], the next step is 
defuzzification. This process is used to find the FARP 
(Final Aggregated Risk Priority) value of each risk 
agent, which enables the identification of the priority 
risk agent for mitigation. The results of the 
defuzzification process were obtained using Matlab 
2013 software and are presented in Table A5 (see 
Appendices). 
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Figure 1. Fuzzy set graph for input severity 
 

 

Figure 2. Fuzzy set graph for input occurrence 
 

 
Figure 3. Fuzzy set graph for input correlation 

3.3. Risk evaluation 

The purpose of the risk evaluation stage is to 
determine the primary priority for mitigation actions 
[21]. This involves sorting the FARP values of each risk 
agent, starting from the largest to the smallest, using a 
Pareto diagram. Fig. 4 shows the Pareto diagram that 
displays the priority risk agents for mitigation. 

 
Figure 4. Pareto risk agent diagram 

 
In this study, risk agents are divided into two 

categories. Category A includes the risk agents with 
primary priority, while Category B includes the risk 
agents with secondary priority. The division of risk 
agents is based on the Pareto principle, also known as 
the 80/20 principle. Risk agents that belong to Category 
A are those that have a cumulative value of up to 80%, 
while the remaining 20% are classified as Category B. 
The Pareto diagram above shows that 13 risk agents 
belong to Category A or have primary priority for 
mitigation, indicating that their cumulative % FARP is 
80%. The other 9 risk agents are designated as Category 
B or risk agents with secondary priority. 

3.4. Risk mitigation 

The risk mitigation stage involves three steps: risk 
mitigation actions, evaluation of the results of risk 
mitigation actions, and determination of risk mitigation 
action priorities. This stage is carried out using HOR 
phase 2, as shown in Table A6 (see Appendices). Risk 
mitigation aims to minimize risk after it arises, which 
means that it is a form of damage control [22]. Once the 
priority risk agents for mitigation have been identified, 
the next step is to take proactive actions to reduce or 
prevent the potential for risk agents to appear. This 
process involves conducting interviews and 
brainstorming sessions with expert judgment from X 
Corp. Table A7 (see Appendices) shows the results of 
the risk mitigation actions. 

After taking proactive risk mitigation actions, the 
next step is to evaluate their effectiveness. This process 
involves assessing the correlation between risk agents 
and proactive actions, as well as evaluating the degree 
of difficulty. A questionnaire is used for this 
assessment, which is completed by management 
representatives, technical managers, and one 
operational staff member from X Corp. The rating scale 
used for assessing the correlation between risk agents 
and proactive actions is 0, 1, 3, and 9 [23]. On the other 
hand, the rating scale used for assessing the degree of 
difficulty is 3, 4, and 5 [24]. 

After assessing the effectiveness of the risk 
mitigation actions, the next step is to calculate the Total 
Effectiveness (TEk) and the Effectiveness to Difficulty 
Ratio (ETDk). The proposed risk mitigation actions are 
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expected to minimize both the occurrence of risks and 
potential losses throughout the company's supply 
chain, from upstream to downstream. By reducing risks 
in the supply chain, the company aims to improve its 
overall performance and achieve its targets. 

Implementing this risk mitigation action can have a 
positive impact on the company's supply chain 
performance. By reducing the emergence of risks and 
their consequences, the company can achieve its goals, 

objectives, vision, and mission. Given the current 
market developments, it's essential to have good 
supplier participation in managing and distributing 
products to reach the end customer. Therefore, 
improving supply chain performance is crucial for a 
company's success [25]. 

Risk mitigation involves managing and monitoring 
risks, creating mitigation measures, reducing risk 
impact, and decreasing the likelihood of occurrence 
[26]. Furthermore, implementing this risk mitigation 
action can enhance the company's productivity. 
Improved productivity is reflected in enhanced welfare 
and quality of the company, enabling the company to 
achieve its targets by efficiently utilizing its resources. 

3.5. Managerial implications 

This research provides recommendations for 
companies to mitigate risk agents by implementing 
effective strategies. By doing so, companies can 
improve their productivity and product quality. 

4. Conclusions 

Based on the study's data processing results, 38 risk 
events and 22 risk agents were identified in all supply 
chain activities at X Corp., using the SCOR model's five 
core processes: plan, source, make, deliver, and return. 
Using the fuzzy house of risk method, 13 risk agents 
were identified as priority for mitigation: A3, A15, A10, 
A12, A9, A16, A11, A8, A14, A13, A17, A19, A6. 
Additionally, the study's data processing revealed 17 
priority risk mitigation strategies: PA1, PA2, PA7, PA4, 
PA8, PA9, PA10, PA3, PA5, PA6, PA14, PA16, PA11, 
PA15, PA17, PA12, PA13. 

Future research should focus on more detailed and 
thorough risk identification processes. This should 
include expanding the identification process beyond 
the five core processes of the SCOR model and 
considering other categories such as financial and 
environmental risks. This will provide a better 
understanding of the risks that exist or may arise in the 
company's supply chain. 
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Appendices 

Table A1. 
Risk identification 

Major 
process 

Risk event Code Risk agent Code 

Plan 

Sudden change in production planning E1 Mistakes in making a production plan A1 

Error in notifying production schedule information to 
employees 

E2 A sudden change in production planning A2 

Gap between recorded and available stock of raw 
materials 

E3 
Lack of coordination and checking of remaining 
stocks 

A3 

Planning the number of raw materials to be ordered is 
not accurate / accurate 

E4 Sudden purchase requests A4 

Error in determining the time of delivery of products 
to customers 

E5 
Error checking shipping instruction sent by 
customer 

A5 

The company gets complaints from customers E6 
Products sent are not according to customer 
requests 

A6 

Source 

Late delivery of raw materials from suppliers E7 There are obstacles experienced by the supplier A7 

The warehouse for storing raw materials cannot 
accommodate all incoming raw materials 

E8 Limited warehouse space A8 

Error in raw material received E9 

Lack of accuracy on the part of the supplier A9 The amount of raw material received is not 
appropriate 

E10 

Raw materials that are damaged or do not comply 
with quality standards, pass the inspection process 

E11 
Lack of accuracy when carrying out quality control 
activities 

A10 

Do not evaluate supplier performance E12 The supplier does not match the company's 
criteria 

A11 
Mistakes in choosing suppliers E13 

Make 

There was damage to production machines and 
equipment 

E14 Lack of maintenance A12 

There was a work accident E15 
Lack of employee concern for Occupational Health 
and safety (OHS) 

A13 

Delay in production execution E16 

Human resource limitations A14 Production results have not been able to meet the 
number of requests 

E17 

Error in recording production results E18 Lack of Accuracy during the recording process A15 

Defective products that will be treated (treatment) 
pass the inspection 

E19 
Lack of accuracy when carrying out quality control 
activities 

A10 

Error in making reports on the implementation of the 
heat treatment process 

E20 Lack of Accuracy during the recording process A15 

The insecticide stock was out of stock E21 
Lack of coordination and checking of remaining 
stocks 

A3 Lack of firewood stock for the heat treatment 
processtreatment 

E22 

Environmental pollution E23 

Use of hazardous chemicals A16 Fumigators/employees are exposed to methyl 
bromide gas 

E24 

Products do not comply with quality standards/ 
damaged 

E25 
Lack of accuracy when carrying out the 
production process 

A17 

The storage warehouse cannot accommodate finished 
products.  

E26 Limited warehouse space A8  

The product of the treatment process is exposed to 
plant pests 

E27 
The finished product is placed in a non-sterile 
place 

A18 

The certification stamp is damaged E28 Lack of maintenance A12 

Out of stock of barcode stickers E29 
Lack of coordination and checking of remaining 
stocks 

A3 

Error in recording of certified products and barcode 
attachments 

E30 Lack of Accuracy during the recording process A15 

Deliver 

Products that do not comply with quality standards 
pass the inspection 

E31 
Lack of accuracy when carrying out quality control 
activities 

A10 

A decline in quality in finished products E32 The finished product is exposed to plant pests A19 

Containers are dirty, leaking or dented E33 Lack of maintenance A12 

The product was damaged during the stuffing process E34 Employees are not careful when stuffing A20 

Error in recording stuffing and container data E35 Lack of Accuracy during the recording process A15 

Late delivery of products to consumers E36 
Containers experience disruption when shipping 
products to consumers 

A21 

Return 

The product is damaged or does not match the 
specifications requested by the customer 

E37 
Lack of accuracy when inspecting the product to 
be sent 

A22 

There are raw materials that are reject/do not match 
the quality set by the company 

E38 Lack of accuracy on the part of the supplier A9 
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Table A2. 

Severity assessment result 

Risk event  R1  R2  R3  GM 

E1  7  7  6  6.6 

E2  7  8  6  7 

E3  7  8  8  7.7 

E4  8  7  7  7.3 

E5  7  7  6  6.6 

E6  8  8  7  7.7 

E7  7  7  6  6.6 

E8  6  6  7  6.3 

E9  7  8  8  7.7 

E10  5  8  7  6.5 

E11  8  8  7  7.7 

E12  5  6  7  5.9 

E13  7  9  8  8 

E14  9  8  9  8.7 

E15  9  8  8  8.3 

E16  8  8  6  7.3 

E17  7  7  6  6.6 

E18  4  6  5  4.9 

E19  8  7  8  7.7 

E20  7  8  7  7.3 

E21  6  7  6  6.3 

E22  7  8  8  7.7 

E23  9  8  7  8 

E24  7  8  9  8 

E25  8  7  6  7 

E26  7  8  8  7.7 

E27  9  8   7  8 

E28  5  6   5  5.3 

E29  6    6    6  6 

E30  8    8     7  7.7 

E31  8    8    8  8 

E32  8    7   6  7 

E33  7  8  7  7.3 

E34  8  8  7  7.7 

E35  6  7  7  6.6 

E36  8  8  7  7.7 

E37  7  8  6  7 

E38  5  6  7  5.9 
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Table A3. 

Occurrence assessment result 

Risk agent  R1  R2  R3  GM 

A1  0.2  0.3  0.4  0.3 

A2  0.3  0.3  0.2  0.3 

A3  0.5  0.6  0.7  0.6 

A4  0.3  0.3  0.3  0.3 

A5  0.3  0.3  0.3  0.3 

A6  0.6  0.7  0.5  0.6 

A7  0.3  0.2  0.3  0.3 

A8  0.5  0.7  0.6  0.6 

A9  0.5  0.7  0.4  0.5 

A10  0.9  0.8  0.7  0.8 

A11  0.7  0.8  0.6  0.7 

A12  0.5  0.6  0.5  0.5 

A13  0.9  0.9  0.8  0.9 

A14  0.2  0.3  0.3  0.3 

A15  0.4  0.6  0.5  0.5 

A16  0.7  0.8  0.7  0.7 

A17  0.7  0.7  0.6  0.7 

A18  0.4  0.3  0.4  0.4 

A19  0.8  0.7  0.6  0.7 

A20  0.2  0.3  0.2  0.2 

A21  0.2  0.3  0.3  0.3 

A22  0.3  0.3  0.4  0.3 
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Table A4. 

Correlation assessment result 

Risk event  Risk agent  R1  R2  R3  GM 

E1  A1  9  3  5  5.1 

E2  A2  9  3  7  5.7 

E3  A3  5  9  7  6.8 

E4  A4  9  9  9  9 

E5  A5  3  9  5  5.1 

E6  A6  9  9  9  9 

E7  A7  9  9  9  9 

E8  A8  4  3  5  3.9 

E9  A9  9  9  9  9 

E10    9  9  9  9 

E11  A10  9  9  9  9 

E12  A11  9  9  9  9 

E13    9  9  9  9 

E14  A12  9  9  9  9 

E15  A13  9  9  9  9 

E16  A14  3  9  5  5.1 

E17    9  9  9  9 

E18  A15  9  3  5  5.1 

E19  A10  9  9  9  9 

E20  A15  9  3  7  5.7 

E21  A3  9  9  9  9 

E22    9  9  8  8.7 

E23  A16  9  9  9  9 

E24    9  9  9  9 

E25  A17  9  9  9  9 

E26  A8  9  3  5  5.1 

E27  A18  9  9  9  9 

E28  A12  9  9  9  9 

E29  A3  9  3  6  5.5 

E30  A15  9  9  9  9 

E31  A10  9  9  9  9 

E32  A19  9  9  9  9 

E33  A12  9  9  9  9 

E34  A20  9  9  9  9 

E35  A15  9  9  6  7.9 

E36  A21  9  9  9  9 

E37  A22  9  9  9  9 

E38  A9  9  9  9  9 
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Table A5. 

Defuzzification result 

Risk agent  Risk event  FARP  Total FARP  Rank 

A1  E1  38  38  22 
A2  E2  52.8  52.8  16 

A3 

 E3  79.7  

284.5 

 

1 
 E21  63.9   
 E22  82.8   
 E29  58.1   

A4  E4  52  52  17 
A5  E5  39.5  39.5  21 
A6  E6  82.8  82.8  13 
A7  E7  44.3  44.3  20 

A8 
 E8  61.1  

133 
 

8 
 E26  71.9   

A9 
 E9  82.8  

206.5 
 

5  E10  69.1   
 E38  54.6   

A10 
 E11  82.8  

249 
 

3  E19  82.8   
 E31  83.4   

A11 
 E12  62.3  

145.7 
 

7 
 E13  83.4   

A12 
 E14  84.7  

208.6 
 

4  E28  40   
 E33  83.9   

A13  E15  84.2  84.2  10 

A14 
 E16  52  

96.3 
 

9 
 E17  44.3   

A15 

 E18  29.6  

253.2 

 

2 
 E20  69.2   
 E30  82.8   
 E35  71.6   

A16 
 E23  83.4  

166.8 
 

6 
 E24  83.4   

A17  E25  83.9  83.9  11 
A18  E27  67.1  67.1  14 
A19  E32  83.9  83.9  12 
A20  E34  49.5  49.5  19 
A21  E36  55.5  55.5  15 
A22  E37  51.8  51.8  18 
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Table A6. 

House of Risk fase 2 

Risk 
Agent 

PA1 PA2 PA3 PA4 PA5 PA6 PA7 PA8 PA9 PA10 PA11 PA12 PA13 PA14 PA15 PA16 PA17 FARP 

A3 9 9                284.5 

A15   4.3               253.2 

A10    6.2 4.3             249 

A12      6.2            208.6 

A9       9           206.5 

A16        9 9         166.8 

A11          9        145.7 

A8           9       133 

A14            6.2 6.2     96.3 

A13              9    84.2 

A17               6.2   83.9 

A19                9  83.9 

A6                 6.2 82.8 

TEk 2560 2560 1095 1553 1077 1301 1858 1501 1501 1311 1197 600 600 757 523 755 516 

Dk 3 3.3 3 3 3.3 4 3.3 3 3 3 5 3.6 4.6 3 3 3 3 

ETDk 853 775 365 517 326 325 562 500 500 437 239 165 129 252 174 251 172 

Rank 1 2 8 4 9 10 3 5 6 7 13 16 17 11 14 12 15 

 
Table A7.  
Proactive Action Results 

Code Risk Agent Proactive Action (PA) Code 

A3 
Lack of coordination and checking of 
remaining stocks 

Conduct internal meetings with the person in charge PA1 

Perform regular checks and adjustments between 
available stock and those recorded in the document 

PA2 

A15 
Lack of accuracy during the recording 
process 

Carry out crosschecks after carrying out the recording 
process 

PA3 

A10 
Lack of accuracy when performing 
quality control 

Give a warning to the person in charge PA4 

Re-check incoming raw materials or finished goods PA5 

A12 Lack of maintenance 
Perform maintenance on machines and equipment 
regularly and periodically 

PA6 

A9 of Lack accuracy from the supplier 
Give a warning or warning to the supplier if an error 
occurs again 

PA7 

A16 Use of hazardous chemicals 

Make sure to use personal protective equipment during 
the fumigation process 

PA8 

Keep a distance of ± 2 meters from the fumigation site PA9 

A11 
The supplier does not match the 
company's criteria 

Evaluating supplier performance regularly PA10 

A8 Limited warehouse land 
Creating a new warehouse or expanding an existing 
warehouse 

PA11 

A14 Human resource limitations 
Increase working hours PA12 

Recruiting new workers PA13 

A13 
employees care less about 
Occupational Health and Safety 
(OHS) 

Give a warning or warning to employees who do not use 
personal protective equipment 

PA14 

A17 
Lack of accuracy when carrying out 
the production process 

Give a warning or warning to employees who do not use 
personal protective equipment 

PA15 

A19 
The finished product is exposed to 
Plant Pest Organisms 

Check and clean the finished product warehouse 
regularly to ensure that the warehouse is free from plant 
pests 

PA16 

A6 
Products sent are not according to 
customer requests 

Checking and adjusting the finished product with the 
product criteria ordered by the customer before the 
product is shipped 

PA17 

 

 

 


