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Abstract: The cultivation of red chili in East Java, Indonesia, has significant economic and 

social impacts, necessitating proactive supply chain measures. This research aimed to identify 

priority risk agents, develop effective risk mitigation, and enhance supply chain resilience 

using the SCOR model, House of Risk, Interpretative Structural Modelling (ISM), and 

synthesis analysis. Examining 238 respondents—including farmers, collectors, wholesalers, 

retailers, home-agroindustries, and experts—the findings highlight farmers’ critical role in 

supply chain resilience despite risks from crop failures, weather fluctuations, and pest 

infestations. Simultaneous planting led to market oversupply and price drops, but accurate 

pricing information facilitated quick market adaptation. Wholesalers influenced pricing 

dynamics and income levels, impacting farmers directly. To improve resilience, three main 

strategies were developed through ten key elements: proactive strategies (real-time SCM 

tracking, Weather Early Warning Systems, risk management team formation, and training), 

resistance strategies (partnerships, chili stock reserves, storage and drying technologies, GAP 

implementation, post-harvest management, agricultural insurance, and Fair Profit Sharing 

Agreements), and recovery and growth strategies (flexible distribution channels and 

customizable distribution centers). Furthermore, the study delves into the mediating and 

moderating effects between variables within the model. This research not only addresses a 

knowledge gap but also provides stakeholders with evidence to consider new strategies to 

enhance red chili supply resilience. 

Keywords: risk factors; risk mitigation; supply chain; resilience; house of risk (HOR); ISM; 

red chili 

1. Introduction 

Red chili (Capsicum annuum L.) is an economically important vegetable with 

comparatively rich nutrients (Tang et al., 2023). In addition, red chili is widely used 

in the food business as a natural colorant and flavoring agent because of its 

distinctive color, spice, and scent (Taiti et al., 2019). This vegetable is widely grown 

and consumed as a condiment and spice. Moreover, China, Mexico, Turkey, and 

Indonesia are the largest producers, collectively accounting for more than 70% of 

global production (Hernández‐Pérez et al., 2020). East Java Province, ranking fifth 

in Indonesia, contributed an average of 104,832 tons from 2017 to 2021. Jember, 

Banyuwangi, and Lumajang districts are among the top ten highest red chili-

producing districts in the province (Central Bureau of Statistics Indonesia, 2022). 

The supply chain of agricultural products is more complex and production 

centers are widely spread in several regions with small production volumes (Mailena 

et al., 2021). Meanwhile, the actors in the supply chain management of the 
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commodities include farmers, village intermediaries as well as large traders at the 

main and district market, retailers, and the chili processing industry. These actors 

have been mentioned in several research in Indonesia, including West Java Province 

(Muflikh et al., 2021), Pacet District, Cianjur Regency (Mailena et al., 2021); 

Yogyakarta (Susanawati et al., 2021), Kulon Progo District, Yogyakarta (Fauzan and 

Fanestia, 2022). However, the study only sheds light on the flow and performance of 

the supply chain. 

Supply chains within the agriculture sector include uncertainty compared to 

conventional manufacturing due to factors such as extended, seasonal, and perishable 

lead times (Behzadi et al., 2017). In addition, the complexity and length pose a 

vulnerability to risk. Agricultural product supply chain risks become more difficult 

to manage due to high uncertainty (Mailena et al., 2021). Problems faced by one 

stakeholder in the supply chain will have an impact on other stakeholders and the 

entire supply chain (Asrol et al., 2021). When supply chain risks are not controlled, 

companies will be less likely to fail to deliver on their clients’ promises (Keswani 

and Vlachos, 2022). Effective risk management can reduce financial losses caused 

by fluctuations in demand and unexpected market dynamics, thereby increasing 

supply chain resilience. Thus, the supply chain remains efficient and adaptive to 

various changes. 

Several studies related to the relationship between Risk Management and chain 

resilience have been conducted by Kumar (2024) and Keswani and Vlachos (2022) 

using a literature review, but there is no empirical evidence of agricultural products 

that are highly susceptible to supply chain disruptions. Empirical evidence related to 

the relationship between supply chain risk and supply chain resilience of 

manufacturing companies has been presented by Um and Han (2020). However, the 

study examined the entire manufacturing company even though the risks of each 

company are different, especially agricultural products that have more risks. The 

study did not examine supply providers from upstream businesses. Risk mitigation of 

chili peppers has been carried out by Dewi et al. (2023) but agroindustry actors have 

not been researched in the study. Nevertheless, the discussion of risk mitigation is 

only to improve supply chain management which employs FMEA analysis, 

augmented by a HOR analysis to enhance its effectiveness. Nyoman Pujawan and 

Geraldin (2009) said that FMEA tends to be more reactive because of the focus on 

identifying and mitigating failure modes after they have occurred or are anticipated. 

Meanwhile, HOR encourages a more proactive approach to risk management by 

focusing on identifying and eliminating the causes of risks before they result in 

failure mode.  

Specific integrated plans at each level of the red chili supply chain have not 

been extensively explored even though previous research has examined agricultural 

commodity supply chain strategies to mitigate risks (Andayani et al., 2020; Dewi and 

Dewi, 2017; Fauzan and Fanestia, 2022; Harniati et al., 2022; Mailena et al., 2021; 

Susanawati and Hida, 2023). The earlier risk mitigation research was only conducted 

in one district, despite the inclusion of inter-regency actors. Only a few researchers 

have conducted risk analyses and implemented mitigations for all actors, including 

farmers, traders, and agroindustries. Risk mitigation that has been done before 

primarily focuses on improving supply chain management. Meanwhile, supply chain 
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resilience is more focused because of a specific disruption. Few studies in agriculture 

include empirical evidence that comprehensively integrates risk management and 

supply chain resilience within a holistic framework. This research was conducted to 

address this gap. Therefore, this study aims to Identify priority risk agents, develop 

effective risk mitigation, and improve supply chain resilience for all supply chain 

actors in East Java province. This research contributes to the development of a 

comprehensive framework for effectively understanding risk management to 

enhance the resilience of the red chili supply chain, which is not found in most recent 

studies. The comprehensive integration of risk mitigation is considered across a 

broader area and the analysis serves as a reference for other tropical developing 

countries in preparing risk mitigation and supply chain resilience strategies. 

2. Literature review 

2.1. Supply chain risk 

Supply chain risk refers to the instability of the entire supply chain system due 

to adverse factors such as external environmental changes and cooperative 

management vulnerabilities. As companies become closer, problems in each supply 

chain significantly impact the entire chain, with supply or demand disruptions being 

the primary cause of failures (Dai and Liu, 2020). 

Stone and Rahimifard (2018) and Leat and Revoredo‐Giha both explained that 

supply chain risks include political risks (conflicts, export restrictions, regulatory 

costs, weak infrastructure maintenance), social risks (population growth, social 

unrest, food fraud, crime, industrial action), economic risks (financial fluctuations, 

food inflation, energy price instability), and environmental risks (territory, geology, 

biology, climate disruption). Abrudan et al. (2022) added that supply chain risks also 

encompass supply risks, shipping risks, and manufacturing process risks, which are 

often the result of environmental uncertainty. 

Chain risk comes from the source of risk, manufacturing risk, and shipping risk 

(Um and Han, 2020). These risks can be external or internal, originating from 

suppliers and customers (Brusset and Teller, 2017). Sources of risk include supply 

risks, price risks, production risks, quality risks, environmental risks, and 

transportation risks (Wahyuningtyas et al., 2021). Risks have various forms and 

forms, so they need to be studied, for example, based on their origin (e.g., whether 

the risk is supply or demand-based) or their type (e.g., environmental, social, 

political) (Choudhary et al., 2022). They can stem from suppliers (raw material risks, 

intellectual property, delivery time), producers (production disruptions, loss of core 

competencies), demand (acceptance and reputation), logistics (delivery time, cargo 

damage), information (lack of information, information infrastructure, company 

information systems), and environmental factors (operational and increased 

production costs) (Nguyen et al., 2021). 

Agriculture is a high-risk industry due to natural disasters and market risks. 

Production risks arise from adverse weather conditions like drought, freezing, or 

excessive rainfall, and damage from insects, pests, and diseases. Market risk is 

primarily due to price fluctuations or demand (Gu and Wang, 2020). Additionally, 

farming risks stem from the physical and operational environment and competitors 
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(Dewi and Dewi, 2017). Food supply chain risks include natural disasters, workers’ 

strikes, changes in government regulations or safety standards, rapid raw material 

deterioration, seasonality, food safety incidents, fraud, market and pricing strategies, 

and economic crises (Kuizinaitė et al., 2023). 

Risk management in supply chains, facilitated by Supply Chain Risk 

Management (SCRM), includes several key stages: risk identification, assessment, 

mitigation, and recovery or resilience (Ho et al., 2015). Risk identification entails 

recognizing events or activities with potential negative impacts on supply chain 

performance. Risk assessment involves analyzing these risks based on stakeholder 

needs and company objectives. Subsequently, risk mitigation deploys resources 

systematically to address these identified risks. Even if risks cannot be fully 

mitigated, these plans aid in recovery, thereby enhancing resilience (Choudhary et 

al., 2022). Risk management in supply chains relies on specialized tools to manage 

risks effectively. Its primary goal is to identify and minimize potential risks across 

the supply chain through coordinated stakeholder efforts. This approach involves 

designing mitigation strategies, minimizing costs, reducing organizational 

vulnerability, and enhancing overall supply chain conditions (Asrol et al., 2021). 

2.2. Supply chain resilience (SCRES) 

Supply chain resilience refers to the operational capability enabling disrupted 

supply chains to recover and strengthen (Brusset and Teller, 2017). It involves 

flexibility, allowing shippers to switch distribution channels without losing 

continuity or output (Chenarides et al., 2020). Supply Chain Resilience, as defined 

by Hosseini et al. (2019), utilizes absorptive capacity to resist disruptions, adaptive 

capacity to minimize their impacts, and restorative capacity to return to normal 

operations efficiently. Béné (2020) emphasizes its role in enabling organizations, 

supply chains, or systems to respond effectively to disruptions and uncertainties. 

Pettit et al. (2019) emphasize that supply chain resilience complements rather 

than replaces risk management. Resilience analysis should encompass not only a 

company’s self-assessment but also the evaluation of its suppliers, customers, and 

reverse logistics channels across the entire supply chain. Stone and Rahimifard 

(2018) define agricultural supply chain resilience as stakeholders’ collective ability 

to ensure a stable food supply through accurate anticipation of disruptions and 

strategies that delay impacts, aid rapid recovery, and enable cumulative learning 

post-disruption. According to Coopmans et al. (2021), resilience reflects the 

system’s capacity to anticipate, survive, or adapt to challenges, with stressful times 

offering opportunities to identify key contributors to agri-food system resilience. 

Nguyen et al. (2021) assert that companies must react and adapt swiftly to both 

known and unknown risks. The ability of a supply chain to survive, adapt, and 

prosper is synonymous with supply chain resilience. 

Zhao et al. (2017) outlined key resilience factors in the agri-food supply chain: 

traceability, inter-organizational knowledge management, supply chain 

collaboration, risk management, cultural aspects, and agility. Soni et al. (2014), 

identified elements crucial for supply chain resilience, including agility, 

collaboration, information sharing, sustainability, risk and revenue sharing, trust, 
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visibility, risk management culture, adaptive capabilities, and supply chain structure. 

Singh et al. (2019) identified seventeen indicators for supply chain resilience, 

forming a framework to help managers detect and manage disruptions. These 

indicators include agility, flexibility, redundancy, visibility, collaboration, 

sustainability, sensitivity, risk management culture, speed, market participation, risk 

control, public-private partnerships, adaptability, network design, and security. 

The supply chain resilience phase goes through three phases, namely preparing, 

responding, and recovering (Hendry et al., 2019). More broadly, the supply chain 

resilience concept map shows three phases, namely the pre (proactive), during 

(concurrent) and post-(reactive) strategy phases (Ali et al., 2017). There are three 

phases and aspects of supply chain resilience, namely phase one before the 

disruption, the second phase during the disruption, and the third phase after the 

disruption. Phase 1: Capability, anticipation, and Preparedness. Phase 2: 

Adaptability, Response, Time, Phase 3: Recovery, original and financial 

performance (Simbizi et al., 2021). 

Hohenstein et al. (2015) described the SCRES phases as readiness (preparing to 

avoid threats), response (managing uncertain and volatile conditions), and recovery 

(returning to the original state). Blessley and Mudambi (2022) proposed strategies 

across three stages: strategic anticipation, adaptation and response, and recovery and 

learning, aiming to enhance supply chain resilience. Ali et al. (2017) and Singh et al. 

(2019) divided the SCRES strategy into four stages: (1) readiness, (2) response, (3) 

recovery, and (4) adaptation. Supply chain resilience is divided based on ex-ante and 

post-ante disruptions. 

The strategies proposed in each phase are Proactive Strategy (aligned with the 

Readiness phase) and Reactive, Responsive, and Adaptive Strategy (Stone and 

Rahimifard, 2018). Anticipation phase (visibility, awareness, security, sustainability, 

Supply Chain Risk Management), resistance phase (Flexibility, redundancy, 

collaboration, Supply Chain Network, Revenue Sharing, Robustness), Response and 

Recovery (Velocity, Agility, Public-private partnership, adaptability, market 

position, and information sharing (Singh et al., 2019). Structurally, there are 3 

dimensions of resilience with capabilities in each dimension, namely readiness 

(awareness, visibility, redundancy), response (agility, flexibility, collaboration), and 

recovery (contingency planning and market position) (Han et al., 2020). Supply 

chain strategies to minimize the impact of supply chain disruptions include (1) 

supply chain collaboration (2) coordination between stakeholders, (3) information 

sharing, (4) process digitization, (5) sharing resources such as finance, human 

resources, technology, etc., most of which are interrelated with each other (Kumar 

and Kumar Singh, 2021). 

3. Materials and methods 

3.1. Research Method 

This study used the analytical descriptive analysis method. A descriptive 

approach was used to describe the condition of the supply chain based on the Supply 

Chain Operations Reference (SCOR) approach in each institution. Furthermore, 

analytical analysis was applied to measure the severity and occurrenceance of a risk, 
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risk agent, risk event, risk mitigation, and structural model of resilience Through a 

combination of descriptive and analytic approaches, it would provide in-depth 

insights that can be used to compile risk mitigation so that it could improve the 

resilience of the red chili supply chain. 

3.2. Research location, data collection, and sampling method 

The selection of research sites was carried out purposively, in three specific 

districts namely, Jember, Lumajang, and Banyuwangi. The locations were chosen 

due to their significant contribution to red chili production within East Java 

Province. The data collection involved questionnaire-guided closed-ended structured 

interviews. Farmer respondents were initially selected purposively from the most 

well-known and active farmer groups across three districts. Subsequently, other 

supply chain actors were identified using snowball random sampling. Farmers were 

asked to recommend other participants involved in the red chili supply chain, 

including collectors, wholesalers, and retailers. This process continued iteratively 

with each new recommended respondent until a sufficient number of respondents 

was reached or no more relevant recommendations were available. Agroindustries 

were deliberately chosen, as researchers identified only three small agroindustries in 

two districts. 218 respondents participated in this research as presented in Table 1. 

Table 1. The number of research respondents in three districts. 

Respondents Jember Banyuwangi Lumajang 

Farmer 55 60 60 

Collectors 6 5 6 

Wholesalers 3 3 3 

Retailers  5 4 5 

Agroindustry 2 1 - 

Total 71 73 74 

Source: Primary data elaboration (2024). 

The respondents to develop a structural model of supply chain resilience were 

deliberately chosen using a purposive method. They included three Heads of the 

Horticulture Division from the Agriculture Office in three districts, three Field 

Extension Officers (PPL), two Agricultural Product Quality Supervisors, three heads 

of farmer groups, three wholesalers, two collectors, the Chairman of the Indonesian 

Chili Agribusiness Association (AACI) East Java Region, the Chairman of a 

Sustainable Cooperative in Lumajang Regency, and one academic from the 

University of Jember. These respondents were selected because they represent key 

institutions involved in the red chili supply chain in East Java province, such as 

farmer groups, collectors, wholesalers, and cooperatives. Additionally, interviews 

were conducted with formal institutions supporting the large red chili supply chain, 

such as the Agriculture Office, Field Extension Officers (PPL), and the Chili 

Association, as well as obtaining expert opinions from a university academic. In 

total, there were 20 respondents. 
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3.3. Analysis methods 

This research uses Supply Chain Operations Reference (SCOR) and HOR 

(House of Risk) analysis. Guhathakurta (2022) and Teniwut et al., (2020) explained 

that SCOR was a valuable tool for understanding and improving supply chain 

operations. The model consists of five main processes, namely plan, source, make, 

deliver, and return. Meanwhile, House of Risk (HOR) is useful for developing 

management that focuses on preventive measures to mitigate risks and there are two 

phases in the analysis (Nyoman Pujawan and Geraldin, 2009). HOR 1 commences 

with identifying risk events (RE) by assessing severity on a scale of 1 to 10. 

Additionally, the determination of risk agents (RA) or sources of events is measured 

by a scale of 1 to 10, where the higher the scale, the greater the chance of risk agents. 

The relationship between risk and the agent is assessed with the numbers 0, 1, 3, and 

9, representing zero, low, medium, and good correlation, respectively. The value of 

the Aggregate Risk Potential of the Risk Agent (ARP) is determined by:  

ARPj = Oj ∑ Si Rij (1) 

Oj describes the event score of the risk agent, Si is the severity, and Rij signifies 

the correlation between j and i. Risk sources should be arranged according to ARP 

value by selecting the agent with the highest frequency. Subsequently, the Pareto law 

must be applied to select priority risk agents. Risks with a cumulative ARP below 

80% are sources of priority risks addressed in supply chain risks. 

Risk management, or Stage HOR 2, decides on a suitable plan for turning away 

possible agents. Based on ARP in HOR 1, this step commences with selecting a few 

risk agents with the highest priority. The best preventive action (P) or mitigation 

method is selected to remove possible risk agents. The mitigating measure can be 

applied to one or more risk agents. An assessment score of 0, 1, 3, or 9 is used to 

determine the association between each mitigation action (P) and the cause of risk 

(A). Subsequently, the computation of each strategy’s total effectiveness value (TEk) 

is considered by applying the following formula. 

TEk = ∑ iARPjEjk (2) 

The connection between each strategy and the risk agent is indicated by Ejk and 

the Effectiveness to Difficulty (ETD) is calculated using the following formula.  

ETDk = TEk/Dk (3) 

The level of difficulty of action (Dk) was assessed using 3, 4, and 5 scales, 

denoting acts that are simple to perform, quite challenging, and extremely difficult to 

implement. Various priority ratings are selected based on each risk strategy action 

(Rk), sorted by ETD. Mitigation actions with the highest ETD are priority strategies 

requiring further attention to prevent the development of risk agents using the Pareto 

law. 

Other risk analysis tools that can be used are FMEA and Fuzzy AHP. Failure 

mode and effects analysis (FMEA) is a widely used reliability analysis tool for 

identifying and eliminating known or potential failures in the system, design, and 

process (Wang et al., 2018). Fuzzy AHP is a decision-making method that combines 

the principles of the Analytic Hierarchy Process (AHP) with fuzzy set theory to 

handle uncertainty and subjectivity in the decision-making process (Liu et al., 2020). 

This study used HOR compared to FMEA and Fuzzy AHP because HOR focuses on 
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identifying risk agents and developing mitigation strategies to reduce or eliminate 

these risks. It provides a more direct and practical approach to handling risk. FMEA 

tends to focus more on failure mode analysis and its impact, rather than on 

identifying the overall cause of risk. Fuzzy AHP focuses more on prioritizing risk 

criteria and subcriteria, which can become too abstract and not direct toward 

mitigation solutions. 

The strategy to increase the resilience of the red chili supply chain used 

Interpretative Structural Modelling (ISM) analysis. ISM analysis was used to analyze 

each element of the resilience of the red chili supply chain and to explain the 

conceptual relationships that occur between elements as well as to determine the 

level of sub-element hierarchy in each element. The initial step was to outline each 

element and establish the relationships between them. This relationship was assessed 

using symbols, namely V, A, X, O. The meaning of the symbol was: 

V: The i-th element affects the j-th element, but the j-th element did not affect 

the i-th element. 

A: The j-th element affects the i-th element, but the i-th element did not affect 

the j-th element. 

X: The i-th and j-th elements influence each other. 

O: The i-th and j-th elements do not affect each other. 

Next, compile the Structural Self Interaction Matrix (SSIM) and Reacibility 

Matrix (RM). RM was compiled from the result of an SSIM matrix converted to a 

binary number. The conversions were as follows; 

1) If the relationship of element (i, j) = V, then the value RM (i, j) = 1 and (j, i) = 0 

2) If the relationship of elements (i, j) = A, then the values RM (i, j) = 0 and (j, i) = 

1 

3) If the relationship of elements (i, j) = X, then the values RM (i, j) = 1 and (j, i) = 

1 

4) If the relationship of elements (i, j) = O, then the values RM (i, j) = 0 and (j, i) = 

0 

Next, test the Reachability Matrix (RM) using transitivity rules. Classify 

elements and create structural models. The classification of sub-elements was based 

on the results of the final Reachability Matrix, i.e., those that have met the transivity 

rules. The result of the Dependence value is used to determine the number of levels 

available, while the Driver Power value is used to determine the rank value to 

determine the hierarchy level of each element. 

4. Results 

4.1. Risk identification 

SCOR activities carried out by red chili supply chain actors in East Java 

Province are reported in Table 2. This table consists of the plan, source, make, 

deliver, and return implemented by the supply chain actors. The activities in the five 

stages of SCOR demonstrate the linkages between supply chain actors. The activities 

lead to risk events (RE) and risk agents (RA). Results from the three districts show 

14 RE and 18 RA, 13 RE and 12 RA, 16 RE and 17 RA, 14 RE and 13 RA, as well 

as 16 RE and 18 RA at the farmer, wholesaler, collector, retailer, and agroindustry 
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levels, respectively. Farmers face RE and agents with the highest severity and 

occurrence score (value = 10) compared to other actors (Table 3). 

Table 2. Identification of red chili supply chain activities in East Java Province. 

Source: Primary data elaboration, 2024. 

Table 3. The highest severity (S) and occurrence (O) for farmers in the three districts of East Java Province. 

Risk Event District Description Risk Agent District Description 

E2 Jember Difficulty in obtaining capital A17 
Jember, Banyuwangi 

Lumajang 

Farmers’ bargaining 

power is weak 

E8 Jember Plants are susceptible to pests and diseases    

E11 Jember The number of harvests does not meet the target A5 Banyuwangi 
Instability in the 

supply of red chili  

E12 Jember Farmers cannot set prices    

E4 Banyuwangi Volatile prices    

E5 Banyuwangi Limited procurement of production facilities    

E10 Banyuwangi Defective and damaged Red chili s during harvest    

E11 Banyuwangi The harvest amount is not on target    

E5 Lumajang Limited procurement of production facilities    

E8 Lumajang Plants are susceptible to pests and diseases    

Source: Primary data elaboration, 2024. 

Based on ARP value in HOR 1, Pareto diagrams are created for each actor in 

the red chili supply chains (Figure 1a–c). ARP value was used to identify and 

prioritize the most significant risk agents to be handled first. The highest ARP value 

indicated that the risk agent should get the priority for mitigation. In this context, the 

Pareto diagram shows 4 to 9 risk agent priorities but some did not need attention. 

According to the HOR 1 analysis, the priority risk agent of farmers in Jember, 

Banyuwangi, and Lumajang Districts is the plant attacked by pests and diseases 

(A15, ARPj value of 3.051), weather and climate uncertainty (A2, ARPj value of 

3645), as well as high planting and maintenance capital (A8, ARPj value of 3672), 

respectively. 

SCOR 

Process 

Supply Chain Activities 

Farmers Collectors/Wholesalers/Retailers Agroindustry 

Plan 

⚫ Production and harvesting 

planning 
⚫ Cost planning for the purchase and shipping cost planning  

⚫ Capital and marketing planning ⚫ Labor requirement planning 

Source 
⚫ Procurement of inputs, 

production facilities, and labor 

⚫ Receiving commodities from farmers 

and Procurement of capital to farmers 

⚫ Receipt of raw materials, storage, 

consumers demand 

Make 
⚫ Raising process of red chili ⚫ Purchase of red chili 

⚫ Processing of dried chili powder and 

oil chili 

⚫ Hharvesting process of red chili ⚫ Sorting, sales, and payment  

Delivery ⚫ Delivery of commodities to the next marketing institution 
⚫ Delivery of processed red chili to 

consumers 

Return 
⚫ Not returned but was given a 

different price 

⚫ Not returned but given a different 

price or reduced weight 
⚫ Raw material return 



Journal of Infrastructure, Policy and Development 2024, 8(10), 6470.  

10 

 
(a) 

 
(b) 

 
(c) 

Figure 1. Pareto Diagram HOR I Farmer (a) Jember; (b) Lumajang; and (c) 

Banyuwangi. 

Source: Primary data elaboration (2024.) 



Journal of Infrastructure, Policy and Development 2024, 8(10), 6470.  

11 

4.2. Risk mitigation of the red chili supply chain in three districts of East 

Java Province 

Risk mitigation is carried out in the form of determining strategies using HOR 2 

after the priority agent is determined. HOR 2 calculates ETDk to determine the risk 

mitigation and Pareto diagrams are created for each actor in the red chili supply 

chain (Figure 2a–c). Each Pareto diagram shows 4 to 9 risk mitigation priorities but 

some do not need attention. According to the analysis results, the main priority of 

risk mitigation strategies for farmers in Jember, Banyuwangi, and Lumajang 

Districts is to carry out periodic controlling and evaluation of chili cultivation 

(PA13, ETDk a number of 29,332), conduct intensive planting and maintenance of 

red Red chili (PA5, ETDk number of 18,151), as well as check and perform regular 

maintenance (PA14, ETDk number of 21,372), respectively. 

 
(a) 

 
(b) 
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(c) 

Figure 2. Pareto diagram HOR 2 Farmer in (a) Jember; (b) Lumajang; and (c) 

Banyuwangi. 

Source: Own elaboration (2024). 

4.3. Supply chain resilience elements 

Based on the results of the Final Reachability Matrix (RM) in Table 4, the 

Dependence value is used to determine the number of existing levels, it can be seen 

Table 4. Reachability Matrix (RM) final element of resilience. 

Ej 

Ei 
A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 A17 DP R 

Visibility (A1) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 17 1 

Situation Awareness (A2) 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 16 2 

Security (A3) 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 15 3 

Sustainilibilty (A4) 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 3 

Risk Management Culture (A5) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 17 1 

Flexibility (A6) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 17 1 

Redundancy (A7) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 17 1 

Collaboration (A8) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 17 1 

Robustness (A9) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 17 1 

Agility (A10) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 17 1 

Velocity (A11) 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 16 2 

Market Position (A12) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 17 1 

Adaptability (A13) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 17 1 

Information Sharing (A14) 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 15 3 

Risk and Income sharing (A15) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 17 1 

Knowledge (A16) 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 13 4 

Trust (A17) 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 16 2 

D 15 16 16 14 17 17 15 17 16 17 16 17 16 16 17 17 17   

L 3 2 2 4 1 1 3 1 2 1 2 1 2 2 1 1 1   

Source: Primary data elaboration (2024). 

that the largest number L is 4, meaning there are four levels in the structural 
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resilience model, while the Driver Power value is used to determine the rank value to 

determine the level of hierarchy of each sub-element. Each element is already 

distributed at Hierarchy Levels 1 to 4. 

5. Discussion 

Each district has different risk agent priorities and mitigation in each supply 

chain actor, as shown in Table 5. 

Table 5. ARP priority risk agent value and ETDk risk mitigation value in East Java Province. 

Risk Agent ARP Value Risk Mitigation ETDk Value 

 Jbr Bwi Lmj  Jbr Bwi Lmj 

Farmer    Farmer    

The plant is attacked by pests and 

diseases 
3051* 3564 2208 

Carry out control and evaluation of farm 

workers during chili cultivation periodically 
29,332* 17,073 16,585 

Weather and climate uncertainty 2448 3645* 1795 
Conduct intensive planting and maintenance of 

red chili 
19,449 18,151* 16,029 

High planting and maintenance 

capital 
2256 1048 3672* 

Inspect and control pests and diseases regularly 

and appropriately 
25,932  21,372* 

Collector    Collector    

Farmers do not follow sales and 

loan agreements 
335* 444 1332* Establish broad partnerships with other farmers  3423*  

Red chili is damaged and not 

according to market standards 
216 792* 1200 

Improve communication with related 

institutions 
3180*  9132* 

Wholesaler    Wholesaler    

The harvest season of red chili 

concurrently at the same time 

(oversupply) 

1519*  465 Update market price information  11,746* 2407  

Red chili is damaged and not 

according to market standards 
 580 972* Controlling human resources  2697* 7,560 

Farmers do not follow sales and 

loan agreements 
624 696* 685 Improve communication with suppliers 4318 990 11,688* 

Retailer    Retailer    

The instability of the amount of 

supply in the market 
285*  403 Communicate with related supply chain actors 3368*  2484* 

Weather and climate uncertainty 270 846*  Re-sort at the retailer level  25,957* 828 

Red chili is damaged and not 

according to market standards 
192 813 841*     

Agroindustry    Agroindustry    

The lack of supply of dry red 

chili 
1840* 498  

Develop new methods of post-harvest storage 

and handling 
8493*   

Weather and climate uncertainty 1044 792*  Communicate with relevant supply chain actors 8055 3921  

*Highest priority risk sources in each district. 

Note: Jbr = Jember; Bwi = Banyuwangi; Lmj = Lumajang. 

Source: Primary data elaboration (2024). 

1) Actor Risk Agents 

Farmers are the primary producers of red chili peppers and are responsible for 

cultivation. They determine the quality and quantity of red chili produced, as well as 

conducting initial post-harvest handling before selling to collectors. Farmers face the 
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greatest risk within the supply chain, as evidenced by the highest ARP value among 

all actors. The most pressing risk agent is high capital, particularly in Lumajang 

Regency (ARP = 3672). This means that capital risk is the most important risk agent 

to be immediately mitigated. Not all farmers in East Java Province have sufficient 

capital. The availability of adequate capital for red chili cultivation greatly influences 

farmers’ decisions to continue cultivating red chili. These findings further support 

the idea of Suryani et al. (2023), who identified limited capital as a priority risk 

agent, and De and Pohit (2021), who stated that small farmers struggled with capital, 

affecting their ability to cover production costs. The results of the study show that 

with higher capital, farmers can sustainably produce red chili, thereby strengthening 

the resilience of the red chili supply chain. Farmers can buy quality inputs and more 

modern technology with sufficient capital. However, many farmers fail to harvest 

and are subsequently unable to replant red chili, leading them to switch to planting 

other commodities that require less capital. This finding is in agreement with 

(Agyekumhene et al., 2018) findings which showed that a lack of capital leads to 

limited production, and (Mahbubi et al., 2024) who noted that the cultivation capital 

of agricultural commodities is increasing because fluctuations in the price of inputs 

(seeds and fertilizers) tend to increase. In addition, Lu et al. (2024) mentioned that 

insufficient capital limited advancements in planting technology. 

Other findings show that the risk agent that must be immediately addressed by 

farmers, retailers, and agroindustry traders is weather uncertainty. Rahman et al. 

(2022) stated that the impact of climate change on agricultural systems was not only 

on farmers but also on other levels along the supply chain. In East Java Province, 

Weather uncertainty leads to unpredictable red chili planting schedules, resulting in 

inconsistent red chili production and an unstable supply of red chili to the market. 

This aligns with the findings of Andayani et al. (2020), Dewi and Dewi (2017), Gu 

and Wang (2020), Suryani et al. (2023), who identified climate change and erratic 

weather as priority risk agents. Banyuwangi Regency has the highest ARP value 

(ARP = 3645) because farmers in that area plant year-round, they frequently 

encounter weather uncertainty attributed to global climate change. The ARP value 

highlights climate change as the second-priority risk agent requiring immediate 

attention. Climate change poses challenges for farmers in adapting, leading to 

unstable production. Consequently, this instability affects sales activities among 

retailers and in the chili agroindustry, resulting in reduced revenue from red chili. 

The present findings seem to be consistent with other research which found climate 

change significantly reduces red chili productivity through increased droughts as 

well as pest and disease prevalence, impacting the profits of farmers and traders 

(Djomo et al., 2020; Ebert, 2017; Bhutia et al., 2018; Tang et al., 2023). The 

decrease in production has resulted in an unstable supply of red chili, thus disrupting 

the resilience of the supply chain. 

The third priority significant risk agents that need to be found to mitigate risk 

were pest and plant disease attacks, with the highest ARP value reported in Jember 

(ARP = 3051) due to the high severity and frequency of this incident. Pests and 

diseases significantly affect red chili production, leading to total crop failure (Ahmad 

Loti et al., 2020; Nasruddin et al., 2020). Controlled pests can contaminate stored 

crops and threaten farmers’ income (Andayani et al., 2020; Dewi and Dewi, 2017; 
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Gu and Wang, 2020). These various studies were the same as those experienced by 

farmers in the research area. The variability in types of pests and diseases affecting 

chili plants from one season to another poses a challenge for farmers struggling to 

adequately tend to crops. Consequently, crop failures are frequently experienced, 

leading to disruptions in the supply chain. Increased incidences of pests and diseases 

invariably result in diminished production, thereby contributing to a reduction in 

supply. In this context, the resilience of the red chili supply chain becomes 

increasingly difficult to sustain. 

The traders involved in the red chili supply chain include collectors, 

wholesalers, and retailers. Collectors purchase red chili from farmers in bulk, 

temporarily store it, sort it, and then sell it to wholesalers. Wholesalers buy large 

quantities of red chili either from collectors or directly from farmers and distribute 

them to various markets, such as intercity wholesale markets and local retailers in 

each district. They play a crucial role in supply chain management, handling 

logistics, storage, and distribution of chili peppers across different regions in 

Indonesia. Wholesalers also influence supply and price stability. Retailers sell red 

chili directly to end consumers through traditional markets or grocery stores, 

ensuring the availability of fresh and high-quality chili for consumers.  

For traders, the primary concern lies in the potential default of farmers on 

capital loans due to crop failures, which complicates the rotation and threatens the 

sustainability of businesses. In response, some prefer to secure bank loans to 

maintain operations, while others may face the possibility of closure. This causes the 

supply to be affected and the resilience of the chili supply chain to decrease. Defaults 

are common among smallholders in developing countries, particularly following 

catastrophic events or economic downturns, such as the COVID-19 pandemic 

(Mahbubi et al., 2024; Savitha and Kumar, 2016; Smith, 2016; Saitone et al., 2018; 

Suryani et al., 2023; Lu et al., 2024). Additionally, the failure to adhere to 

agreements to sell crops to specific traders disrupts the supply chain since farmers 

may sell to others offering higher prices. The dynamics weaken bargaining power 

and can trap farmers in exploitative contracts (Al Zarliani et al., 2023; Chitra et al., 

2023; Hung and Khai, 2020; Ibikoule et al., 2024; Núñez et al., 2016; Rahman et al., 

2022). Several previous studies conducted in various countries, including the 

findings of this study, indicate that smallholder farmers frequently face defaults, 

particularly when crops fail, prices plummet, and unforeseen conditions prevent 

them from repaying loans. The perishable nature of red chili poses risks to collectors, 

wholesalers, and retailers when it deviates from market standards. Farmers often 

neglect sorting the crops, resulting in diminished quality, supply instability, and price 

fluctuations. These factors undermine supply chain resilience, exacerbated by 

extended intercity delivery times and reduced trader income. Other research 

corroborates the findings of this study, noting the decline in quality, quantity, color, 

and firmness of red chili during marketing, as well as the absence of viable storage 

strategies for perishable products (Djomo et al., 2020; Fernández-González et al., 

2022; Hung and Khai, 2020; Krishna et al., 2024; Munarso et al., 2020; Ul Hasan et 

al., 2021). 

Wholesalers in East Java province face the immediate challenge of the 

simultaneous harvest of chili leading to oversupply. This issue is particularly 
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prevalent in Jember Regency, where chili planting occurs simultaneously. 

Conversely, Banyuwangi Regency avoids this risk since farmers plant chili 

throughout the year across different plots of land. The resultant oversupply drives 

down the price, leading to significant wastage and financial losses for all 

stakeholders. In this context, achieving resilience in the supply chain becomes 

increasingly difficult. The observation was consistent with (Dewi and Dewi, 2017), 

where abundant production capacity posed the greatest risk to farmers. Spiker et al. 

(2023) and Zhang and Cheng (2023) reported the effects of a strained supply chain 

on agricultural oversupply events. According to previous research, oversupply events 

strain supply chains, leading to waste, falling domestic prices, financial difficulties, 

and reduced market pressure (Abrudan et al., 2022; Esteso et al., 2021; Luo et al., 

2022; Wegren, 2018). 

The agroindustry processes chili into value-added products such as dried chili 

powder, chili oil, and chili sauce. They set quality standards that meet the desires of 

consumers. The agroindustry plays a pivotal role in innovating new products and 

developing more efficient processing technologies. The types of processed red chili 

products in small agroindustries differ from those in large agroindustries, which 

primarily mass-produce chili sauce. Home agroindustries that produce chili powder 

and oil face the primary risk of inadequate dried chili crop supply. The agroindustry 

dries fresh chili under the sun, extending the time of the production process. In 

Malaysia, traditional sun-drying methods are commonly used to dry the crop 

(Fudholi et al., 2013). The knowledge of home agroindustry causes the drying 

method in the research area to be very simple. Meanwhile, the results of Deng et al. 

(2017) showed that there were various drying techniques that were more effective 

and efficient. Limited availability of dried chili directly impacts production volumes 

and sales, threatening the resilience of the supply chain. 

2) Supply Chain Risk Mitigations 

At the farmer level, increasing the resilience of the red chili supply chain can be 

achieved by formulating and prioritizing risk mitigation strategies. Table 4 shows 

the risk mitigation priorities to be implemented by each supply chain actor. Farmers 

can mitigate risks by controlling and evaluating farm workers (ETDK value = 

29,332), practicing intensive red chili cultivation (ETDK value = 21,372), as well as 

regularly monitoring for pests and plant diseases (ETDK value = 18,151). The ETDK 

value indicates that these three activities were risk mitigation priorities that must be 

implemented immediately in the three districts. Strategies to support risk mitigation 

include intensive cultivation adhering to Good Agricultural Practices (GAP) to 

ensure sustainable production. Pest and disease management should be integrated 

and environmentally friendly, as excessive use of chemicals has been common, 

leading to high yields. Farm workers should also be adequately trained in GAP to 

ensure that all cultivation stages are properly managed. Implementing these risk 

mitigations can increase the sustainable supply of red chili, thereby enhancing 

resilience. The efforts were supported by Andayani et al. (2020) where priority 

mitigation strategies could be developed through training and the implementation of 

standard operational procedures. Corozo-Quiñónez et al. (2024) advocated for 

biological control as a sustainable method to eradicate diseases and pests. Sudarsono 

et al. (2023) and Islam et al. (2020) showed that every control action within the 
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framework of integrated pest management must be carried out to suppress vector 

populations in the field. (Islam et al., 2020) emphasized the necessity of 

comprehensive pest management practices. Additionally, Krasachat and Yaisawarng 

(2021) and Krasachat (2023) mentioned that GAP positively affected the technical 

efficiency of chili farming. (Krasachat, 2023) reported the positive impact of GAP 

on the technical efficiency of chili farming and the importance of reducing chemical 

toxicity through proper agricultural practices. 

Collectors, wholesalers, retailers, and agroindustry traders could mitigate risk 

by enhancing communication with all actors. Moreover, effective communication 

about market trends, consumer preferences, delivery schedules, road conditions, 

available stock, other logistical issues, and price information could significantly 

improve operations. Frequent updates on price information were particularly critical, 

considering the daily fluctuations in chili prices, enabling all actors to respond to 

supply changes. The strategy stakeholders could implement involves establishing a 

written partnership agreement to support the fulfillment of sales agreements and 

financial transactions between wholesalers and intercity traders. This research is 

supported by Spiker et al. (2023) which stated that supply chain improvements 

should include structural and communicative enhancements to enhance robust trade 

networks. 

Traders can mitigate risks by collaborating with more reliable farmers and 

being selective in extending capital loans. Ensuring fair price agreements can 

stabilize financial transactions and maintain supply chain resilience, as stated by 

Islam and Nursey-Bray (2017). The results showed that building partnerships with 

community-based informal institutions could mediate relationships between farmers 

and other relevant entities, including government organizations, private companies, 

and NGOs. Adane (2023) and Lowe et al. (2019) also emphasized the importance of 

policy interventions and global partnerships for sustainable development through 

multi-stakeholder collaborations. 

Wholesalers need to control worker operations in sorting red chilies for out-of-

town shipments. Retailers, receiving the last large batches face the highest risk of 

damage due to long distribution times and must re-sort after arrival. Optimizing the 

processes was crucial since manual sorting can lead to high costs and low quality, 

necessitating the adoption of automatic grading systems to minimize losses and 

maintain stable supply, as stated by Huynh et al. (2021), Salim and Fajar (2024), 

Zhou et al. (2020). In addition, sorting and grading are crucial for perishable product 

quality control, ensuring uniformity of appearance attributes for farmers, traders, 

consumers, and the food industry (Aziz et al., 2021; Mohi-Alden et al., 2023; Sajjan 

et al., 2023). Zhou et al. (2020) suggested that the recruitment of sorting labor was 

important to minimize supply losses. 

Developing new methods for handling dried red chilies is essential, especially 

when harvests are abundant. Proper post-harvest handling, such as hygienic drying 

methods, should be used to ensure the agroindustry has access to quality raw 

materials. Additionally, drying technologies, such as Pulsed Vacuum Drying (PVD), 

Infrared Assisted Hot Air-drying (IR-HAD), and Hot Air-drying (HAD), are 

suggested by Deng et al. (2017) to produce high-quality dried peppers commercially. 

Drying is a popular method for preserving grains, fruits, and vegetables, reducing 
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yield losses, improving product quality, and facilitating transportation, handling, and 

storage (Ertekin and Firat, 2015). This diversification enhanced the resilience of the 

red chili supply chain, and Morea and Balzarini (2018) reported that the 

commercialization of processed primary products significantly improved the 

agricultural value chain. 

The resilience of the red chili supply chain can be enhanced by implementing 

the aforementioned risk mitigation strategies. These strategies are aimed at reducing 

the impact and risks faced by each actor within the supply chain. Meanwhile, supply 

chain resilience focuses on improving the chain’s ability to prepare for, respond to, 

and recover from risks before, during, and after their occurrence. Therefore, 

developing a structural resilience model is crucial to identify key elements that 

should guide strategy development in each phase of resilience. 

Based on expert interviews and the results of ISM analysis, Figure 3 illustrates 

the structural resilience model of the red chili supply chain. At Level 1, foundational 

elements such as visibility (monitoring structures, processes, and products from 

upstream to downstream), risk management culture (cultivating the ability to 

understand and manage risks), flexibility (responding quickly and effectively to 

disruptions), redundancy (maintaining reserve resources like safety stocks), 

collaboration (integrating supply chain networks to manage risks), robustness 

(withstanding pressure without losing function), agility (adapting swiftly to 

unexpected changes for faster recovery and improved performance post-disruption), 

market position (maintaining customer loyalty and securing market share), 

adaptability (gradually or completely changing in response to emerging disruptions), 

and risk and income sharing (sharing risks and rewards among supply chain players) 

drive the elements above. These elements must be prioritized across resilience 

phases to effectively enhance supply chain resilience in East Java. The synthesis 

analysis integrated findings from HOR 2 and ISM Analysis, as presented in Table 6. 

 
Figure 3. Supply chain resilience structural model in East Java Province. 
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Table 6. Red chili supply chain resilience strategy through risk mitigation. 

SCRES 

Phase 
Strategy Risk Mitigation Resilience Element SCRES Strategies 

Pre-

disruption 
Proactive 

⚫ Carry out control and evaluation 

of farm workers during chili 

cultivation periodically 

⚫ Carry out intensive planting and 

maintenance of red chili 

⚫ Re-sort at the retailer level 

⚫ Controlling human resources 

⚫ Visibility 

⚫ Implemented SCM software that enables 

real-time tracking of production to 

distribution 

⚫ Weather Change Early Warning System 

⚫ Dedicated team that handles risks 

⚫ Risk management 

culture 
⚫ Counseling on risk management 

During 

Disruption 
Resistant 

⚫ Improve communication with 

related institutions 

⚫ Establish broad partnerships with 

other farmers 

⚫ Flexibility 

collaboration 
⚫ Partnerships with many actors 

⚫ Redundancy 
⚫ Chili stock reserves in various places 

⚫ Use of storage and drying technology 

⚫ Robustness 

⚫ Implementation of GAP to anticipate 

crop failure 

⚫ Post-harvest handling by sorting 

⚫ Integrated pest and disease control 

⚫ Risk and income 

sharing 

⚫ Follow agricultural insurance 

⚫ Fair Profit Sharing Agreement 

Post 

Disruption 

Recover 

and 

Growth 

Update market price information 

⚫ Agility 

⚫ Use of Distribution Media 

⚫ distribution centers that can be quickly 

changed and adapted 

⚫ Developing locality-specific product 

variations 

⚫ Market position 
⚫ Developing locality-specific product 

variations 

⚫ Adaptability ⚫ Market Monitoring 

Table 6 outlines strategies to enhance the resilience of the red chili supply 

chain derived from synthesis methods. The resilience of this supply chain in East 

Java Province is segmented into three phases: before disruption (Phase 1), during 

disruption (Phase 2), and after disruption (Phase 3). In Phase 1, actors in the supply 

chain must anticipate potential risks. A proactive strategy is recommended, focusing 

on improving visibility and fostering a robust risk management culture. This 

involves implementing SCM software for real-time tracking and establishing an 

early warning system to alert stakeholders about potential risks. Additionally, 

forming dedicated risk management teams and providing regular counseling sessions 

are crucial. 

During Phase 2 (disruption phase), a defensive strategy is essential to mitigate 

severe risks. Collaborative partnerships among stakeholders through mutually 

beneficial agreements are recommended. Enhancing supply chain flexibility entails 

collaborating with various suppliers to ensure a consistent chili supply, especially 

during unpredictable weather. Redundancy can be bolstered by maintaining chili 

reserves in multiple locations and employing storage technologies to prolong shelf 

life. Modern drying technologies will facilitate timely access to raw materials for 

agro-industries, thus enhancing redundancy. Implementing Good Agricultural 

Practices (GAP) to reduce crop failures and ensuring post-harvest sorting by farmers 

are vital for maintaining chili quality and market standards. Introducing agricultural 

insurance and profit-sharing agreements between farmers and traders can further 
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strengthen risk and income sharing. 

Phase 3 (Post-Disruption) calls for recovery and growth strategies. Agility can 

be enhanced by diversifying distribution channels, including traditional markets, 

modern retail, and e-commerce. Establishing adaptable distribution centers capable 

of swift adjustments to meet market demands is essential. Developing local-specific 

products to enhance market position and ensuring customer loyalty through superior 

service are crucial steps. Monitoring market trends, regulations, and consumer 

preferences will enhance adaptability. 

The study has bridged the gap between agricultural commodity supply chain 

resilience and supply chain risk management. Previous research has focused more on 

risk mitigation without fully exploring supply chain resilience to disruptions and 

failures. The findings of this study, including risk identification, risk mitigation, and 

strategies to increase the resilience of the red chili supply chain, will greatly help all 

supply chain actors in maintaining and developing their businesses. Despite the 

uncertainty inherent in the red chili business, these actors will continue to thrive 

because they can face various risks. Implementing strategies across all phases can 

enhance operational expansion for supply chain players. This demonstrates the 

practical contributions of this research. 

The theoretical contribution of this study is to establish a relationship between 

risk management and the resilience of agricultural commodity supply chains. Not all 

elements mentioned in previous theories are suitable to be used as elements of 

supply chain resilience, especially for agricultural products. This is because 

agricultural products have seasonal characteristics and are easily damaged, unlike the 

products of the manufacturing industry. However, the limitation is that large 

agroindustries face more complex risks that have not yet been studied. Future 

research should encompass these entities and formal financial institutions to broaden 

risk insights and enhance outcomes. Additionally, predictive models leveraging data 

mining, machine learning, and IoT technologies could proactively identify and 

mitigate risks in the red chili supply chain, improving efficiency and resilience. 

6. Conclusion 

In conclusion, this research was conducted to investigate the risk agents and 

mitigation strategies for each actor in the red chili supply chain in East Java 

Province, Indonesia. Immediate priority risk agents for farmers, which included pest 

and disease attacks, weather uncertainty, and high capital requirements were 

identified. Meanwhile, traders faced priority risks such as unfulfilled informal 

contract agreements, perishability of red chili, oversupply during harvest seasons, 

seasonal instability, and weather uncertainty. For the chili processing agroindustry, 

the priority risk agents were weather uncertainty and shortages of raw materials. 

Mitigation actions included adopting Good Agricultural Practices (GAP), 

establishing selective farmer-trader partnerships, implementing harvest sorting, 

controlling labor, ensuring effective communication, and using proper drying 

methods. Appropriate mitigation measures could address risk agents undermining the 

resilience of the red chili supply chain. In addition, a single mitigation action 

addressed multiple risk agents. 
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Risk mitigation efforts aim to enhance supply chain resilience through ten key 

elements: visibility, risk management culture, flexibility, redundancy, collaboration, 

robustness, agility, market position, and risk and revenue sharing. These elements 

underpin three strategies: proactive, resistant, and recovery and growth. Proactive 

strategies include implementing real-time SCM tracking, a Weather Early Warning 

System, a dedicated risk management team, and training. Resistant strategies involve 

partnerships, chili stock reserves, storage and drying technology, GAP 

implementation, post-harvest management, agricultural insurance, and Fair Profit 

Sharing Agreements. Recovery and growth strategies focus on flexible distribution 

channels and adaptable distribution centers. This research provided practical 

contributions for all actors by identifying the right risk agents, risk mitigation 

measures, and resilience strategies. Theoretically, the theoretical contribution of this 

study is to establish a relationship between risk management and the resilience of 

agricultural commodity supply chains. 
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