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ABSTRACT    

This study aims to identify the priority ranking of risks in the food supply chain in Vietnam using both qualitative and quantitative research methods. The qualitative research was discussed directly with seven experts from six businesses operating in the food sector in Vietnam to determine risk criteria. Next, structured interviews were conducted with the experts to collect data comparing each pair of risks; then, the Analytic Hierarchy Process (AHP) combined with the risk matrix tool was applied. The results show that there are 18 risk criteria divided into three groups, ranked by priority from 1 to 16. There are three risks ranked at the same level 14 because they have the same RS (Risk Score) = 0.04. The high-risk group (H) includes six risks with RSs from 0.25 to 0.69. The group with a medium risk level (M), including five risks, had a RSs from 0.12 to 0.16. The low-risk group (L), including seven risks, had a RSs from 0.01 to 0.07. This research is useful for businesses in the food sector with limited resources and budgets, who are unable to respond to all risks simultaneously.      
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Introduction
Food is a basic prerequisite for human existence; currently, in Vietnam, the demand for food is increasing. The increasingly complex problems of environmental pollution, urbanization, health concerns, and technological advances increase the need to produce and consume healthier and more nutritious foods. Consumers are demanding more choice with food; they care more about quality, and are ready to change food consumption patterns by connecting directly with farmers, thereby accessing healthy food, and reducing environmental impact (Hoang, 2021). One of the solutions to address this problem of food consumption demands is to consider the activities of the food supply chain.  
 
The current food supply chain in Vietnam has had to expand geographically and been forced to go through more suppliers, gradually becoming multi-layered with uncertainty caused by natural disasters and climate change. These factors place the food supply chain in a particularly vulnerable situation, which has made food industry supply chain management more cumbersome and complicated than ever. Manufacturers, distributors, and logistics service providers in Vietnam are also under considerable pressure to bring food products to market quickly and safely. 
 
The food supply chain plays an extremely important role, greatly influencing the production and distribution activities of businesses operating in the food sector. It is important for food businesses to lay out the overall picture of potential risks that the business may encounter in supply chain operations (Diabat et al., 2012). However, business managers often have little understanding of sustainability risks in the food supply chain. Business managers need greater insight into complex food systems and their associated risks. Identifying, analyzing, assessing, and responding to risks or unpredictable events that have direct and indirect, mainly negative, impacts on food supply chain processes is extremely important (Azizsafaei et al., 2021). The goal of risk analysis is to prioritize risks to establish their significance so that appropriate attention can be given to risk response (Sharma & Bhat, 2012).   
 
Internationally, a number of studies have used the AHP method to prioritize factors/criteria and risks in a different context. Sharma & Bhat (2012) identified risks through a literature review and ranked automotive supply chain risks in India using the AHP method. Luthra et al. (2013) ranked green supply chain management implementation strategies using the AHP method. Mangla et al. (2015) applied the AHP to prioritize green supply chain management risks in the Indian context. Gandhi et al. (2016) integrated DEMATEL with AHP to assess green supply chain risks in the Indian context. Khan et al. (2022) used the fuzzy AHP method to prioritize risks in the Halal food supply chain. On the other hand, Deliktas et al. (2015) applied analytic hierarchy programming combined with a 0-1 mixed integer nonlinear programming model, which is constructed by considering three objective functions and the resulting ideal points. Multi-choice objective programming is used to set the multi-choice desirability for the single-machine scheduling problem.

Most businesses in Vietnam are usually small and medium-sized businesses with limited resources and budgets, and administrators need to identify priority risks using a correct and reasonable approach. Therefore, research applying the AHP to prioritize food supply chain risks in Vietnam is necessary. This study used a different approach, combining the AHP method with the risk matrix tool to prioritize risks that require a response. This research is useful for businesses with limited resources and budgets that cannot respond to all risks at the same time.   


Theoretical basis
Analytic Hierarchy Process (AHP)
In decision-making theory, the AHP is a structured technique for organizing and analyzing complex decisions based on mathematics and psychology. The AHP is seen as a method to help policy planners easily prioritize alternatives, and was created by Saaty (1980). The AHP helps decision-makers find the decision that best fits their goals and understanding. It is a simple computational decision-making method with a solid theoretical basis to support analysis and evaluation (Saaty, 2005). 

The AHP is a method of modeling complex data into a hierarchical form where each hierarchical criterion has an evaluation weight (Nugroho et al., 2018). It represents a precise approach to quantifying the weights of decision criteria (Saaty, 1984). Applying the AHP method can help in prioritizing the scale of priorities and the final review process. With the AHP method, the validity of the criteria and sub-criteria is assessed and then compared with each other on the basis of weighted scores (Vaidya & Kumar, 2006). Today, the Analytic Hierarchy Process has specific applications in group decision-making, being used worldwide in a variety of decision situations in fields such as business, industry, healthcare, and education.

According to Saaty & Vargas (1980), the basic steps to implement the AHP method are as follows:

Step 1: Identify the problem and choose criteria.
Step 2: Establish the priority of the criteria by comparing each pair (score each criterion).
Step 3: Calculate points (weights) for the options and for each choice.
Step 4: Come to a final decision based on the results of this process. 

Supply chain
The supply chain includes every step involved, directly or indirectly, in meeting customer needs. The supply chain includes not only manufacturers and suppliers but also transporters, warehouses, retailers, and customers themselves (Chopra & Meindl, 2001). The supply chain is a network of production and distribution options that perform the functions of procuring raw materials, converting raw materials into semi-finished and finished products, and distributing them to customers (Stadtler, 2014). In the authors’ opinion, the supply chain is a system of activities to turn raw materials into products delivered to consumers. More broadly, a supply chain can consist of two or more sub-supply chains that are closely connected to each other.



Food supply chain
The food supply chain is a system that includes the organizations, people, information, activities, and other resources involved in the process of moving food from farm to table. During this entire process, a specific food item is transferred from the manufacturer to the final consumer. The food supply chain refers to the processes that describe how food from the farm ends up at the final customer, processes that include production, processing, distribution, consumption, and disposal. Every step of the supply chain requires human and natural resources. The food supply chain network is a complex, structured map that describes the flow of food and its associated members from the farm to the final customer (Van der Vorst, 2000). 

There are simple types of food supply chains in Vietnam: fresh food and processed food supply chains, general and specialized food supply chains, short food chains and long food chains, and closed food supply chains. In this study, the authors focus on the supply chain of fresh and processed foods.  The food supply chain structure in Vietnam includes six components: raw material suppliers, product manufacturers, distributors, retailers, customers, and service providers. Figure 1 describes each of these components in the food supply chain structure.

Raw material supplier: a raw material production area such as farms, rice fields, salt fields, etc.

Product manufacturer: food processing enterprises.

Distributor: distribution branches or finished product warehouses of the manufacturer.

Retail agents: retailers are arranged to sell at company retail stores, supermarkets, markets, or restaurants.

Service providers: units providing utility services such as animal slaughtering, restaurants, hotels, eateries, resorts, delivery, etc.

Customers: domestic and foreign consumers. 
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Figure 1 Structure diagram of the food supply chain in Vietnam

Food supply chain risks
The food supply chain has similarities to supply chains in other industries. Therefore, the risks faced in the food supply chain are similar to the risks faced by a supply chain in general; however, there are also some specific differences. Food supply chain risk is any risk in the flow of information, materials, and products from the primary supplier to the delivery of the finished product to the final consumer (Diabat et al., 2012). Food supply chain risk is the possibility and unexpected impact of large or small events or circumstances that adversely affect any part of a supply chain. Food supply chain risks cause failures at the operational, tactical, or strategic level (Ho et al., 2015). Definitions of risk in the supply chain context suggest that it is a multidimensional concept. Or from another perspective, supply chain risk is an event that adversely affects the operations of supply chain components, such as chain-wide service levels and responsiveness, as well as costs. Supply chain risk is related to unexpected and uncertain losses (Tummala & Schoenherr, 2011).   

According to Hopkin (2018), the 4T strategy to respond to risks includes: tolerate; treat; transfer and terminate.

Tolerate: Risk tolerance is the willingness of an organization or its stakeholders to bear risk after handling it to achieve its objectives. Although an organization can determine its tolerance level for hazard risk, in reality the impact of hazard risk may be greater than anticipated. Risk tolerance is appropriate for risks with low probability of occurrence and low impact.

Treat: Mitigation is the action (controls) taken to limit risk to an acceptable level. When the likelihood associated with a particular hazard is high but its impact is low, the organization will want to address the risk.   

Transfer: Risk transfer is a solution to transfer risk to a third party; the most commonly used way is to buy insurance. When the likelihood of a risk is low but the impact is high, the organization will want to transfer that risk. Insurance is a well-established mechanism for transferring the financial impact of losses arising from risk and uncertain factors. 

Terminate: When a risk has a high probability of occurring and a high impact, the organization will want to terminate or eliminate the risk. Avoidance may be appropriate for high-priority threats with high likelihood and high impact.  


Research methodology
Research process
The research process includes four main steps:

Step 1: Identify goals.
Step 2: Conduct qualitative research.
Step 3: Conduct quantitative research.
Step 4: Make decisions on food supply chain risk priority rankings in Vietnam.

To determine the risk priority ranking in the food supply chain in Vietnam, the study used a combination of the AHP and the risk matrix tool (probability and impact matrix). Figure 2 describes the specific steps of the study.
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Figure 2 Research framework 




Qualitative research 
1.1.1 Qualitative research process
1) Synthesize  previous studies on food supply chain risks and supply chain risks in general. 

Studies reviewed by the authors include: Zu Ermgassen et al. (2020); Oturakci & Yildirim (2022); Bogoch et al. (2020); Sharma et al. (2022); Sharma & Bhat (2012); Khan et al. (2022); Singh et al. (2021); Thulasiraman et al. (2021); Reardon et al. (2021); Ho et al. (2015); Sharma & Routroy (2016); Diabat et al. (2012).  

A preliminary list of 19 risk criteria compiled by the authors includes: origin of goods; perishable foods; production and processing costs; loss of food safety; supplier financial capacity; demand fluctuation; changing consumer behavior; customer relationship; financial capacity of the customer; weak capacity in supply chain operations management; accidents in transport; lack of transportation staff; increased shipping costs; transport management; policy changes; pandemic; juridical; poor support information system; information security.

2) Form a group of experts

The expert group consists of seven members. These are experts with many years of experience and knowledge of the food industry in Vietnam.

3) Select risk criteria through hand-to-hand discussions with experts, consider, and evaluate each risk criterion. Identify criteria and sub-criteria. Create a hierarchical structure for prioritizing food supply chain risks in Vietnam

The authors used a hand-to-hand discussion tool with experts combined with the Delphi method. Hand-to-hand discussion is a technique of collecting data through discussion and exchange between the researcher and the data collection object. This tool features an unstructured interview method with a data collector. Due to the expertise, only hand-to-hand discussion is required to clarify and deepen the data, but hand-to-hand discussion takes a lot of time for the researcher (Bhandari, 2023). 

The Delphi method is a method used to make decisions, starting with sending a questionnaire or discussion outline to experts. After receiving responses, the researcher will gather the opinions and send them back to the experts with a request for them to review and adjust their opinions. After many discussions, experts gradually reached a consensus. Due to the use of the distributed-centralized-dispersed sequence, enlisting opinions in an anonymous form, the conclusions obtained are reliable (Haughey, 2021). 
	
Before the hand-to-hand discussion, the authors sent an email to each expert which asked each expert to consider the 19 risk criteria that the authors had preliminary selected and to give initial comments on these criteria. After fully synthesizing the initial comments of all the experts, a hand-to-hand discussion will follow immediately.

(1) The goal of hand-to-hand discussion: Review risk criteria, which risk criteria need to be eliminated or added. Identify the main criteria and sub-criteria. Create a hierarchical structure for prioritizing food supply chain risks in Vietnam. 
	
(2) Participating subjects: Participants included seven experts who are senior managers, directors, and business department heads at companies specializing in food production and trading in Vietnam. 

(3) Time: Hand-to-hand discussion was done three times. The time for each formal discussion and exchange with each expert ranged from 45-50 minutes, excluding the time for contact, feedback, comments, and consensus.  

1.1.2 Qualitative research results
Through hand-to-hand discussion with experts, the criterion “weak capacity in supply chain operations management” was eliminated because, according to most experts, this criterion is not suitable for the current situation of the food supply chain in Vietnam. Finally, with the consensus of the experts, the AHP model was applied to prioritize food supply chain risks in Vietnam, which is structured at two levels with five main criteria and 18 sub-criteria. The hierarchical structure for prioritizing food supply chain risks in Vietnam is presented in Figure 3. The list of main criteria and sub-criteria, along with a description of each criterion, is presented in Tables 1 and 2.   
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Figure 3 Hierarchical structure for prioritizing food supply chain risks in Vietnam



Table 1  
Structuring the problem of prioritizing food supply chain risks in Vietnam

	Target (Goal)


	Criteria
(Level 1 risk criteria)
	Sub-criteria
(Level 2 risk criteria)


	















Prioritization of food supply chain risks
in Vietnam
	Risks from the supply side (SR)
	Origin of goods (SR1)

	
	
	Perishable foods (SR2)

	
	
	Production and processing costs (SR3)

	
	
	Loss of food safety (SR4)

	
	
	Supplier financial capacity (SR5)

	
	Risks from the demand side (DR)
	Demand fluctuates (DR1)

	
	
	Changing consumer behavior (RPA2)

	
	
	Customer relationship (DR3)

	
	
	Financial capacity of the customer (DR4)

	
	Transportation risks (TR)
	Accidents in transport (TR1)

	
	
	Lack of transportation staff (TR2)

	
	
	Increased shipping costs (TR3) 

	
	
	Transport management (TR4)

	
	Macro risks (MR)
	Policy changes (MR1)

	
	
	Pandemic (MR2)

	
	
	Juridical (MR3)

	
	Information risks (IR)
	Poor support information system (IR1) 

	
	
	Information security (IR2)





Table 2  
Criteria and sub-criteria descriptions

	Criteria
	Sub-criteria
	Definition

	Risks from the supply side (SR)
	Origin of goods (SR1)



	The supply of raw materials for food processing is unclear or there is fraud in origin, negatively affecting consumer confidence.

	
	Perishable foods (SR2)



	Food stored for a long time or the storage process in the warehouse is not guaranteed, causing food to spoil easily.

	
	Production and processing costs (SR3)
	Suppliers do not have the ability to reduce costs and change technology.

	
	Loss of food safety (SR4)



	Suppliers do not meet the quality of food; food is past its expiration date; food contains banned substances; food is processed improperly.

	
	Supplier financial capacity (SR5)

	The supplier becomes insolvent or goes bankrupt.

	Risks from the demand side (DR)
	Demand fluctuates (DR1)

	Consumers’ demand for food increases or decreases suddenly.

	
	Changing consumer behavior (RPA2)

	Sudden change in consumer habits in the food service sector from customers.

	
	Customer relationship (DR3)
	Customer relationships are limited and lack cohesion.

	
	Financial capacity of the customer (DR4)

	Customers have reduced income, reduced wages, and increased inflation, affecting their financial capacity.

	Transportation risks (TR)
	Accidents in transport (TR1)

	The transportation process may encounter problems due to traffic accidents.

	
	Lack of transportation staff (TR2)
	The danger of shortage of human resources in transportation.

	
	Increased shipping costs (TR3) 


	Rising fuel prices, increased vehicle replacement costs, and increased road costs cause transportation costs to increase.

	
	Transport management (TR4)

	The transport management process is not guaranteed, and logistics activities are unprofessional.

	Macro risks (MR)
	Policy changes (MR1)



	Businesses need long-term stable policies, while many economic policies from state management agencies can be constantly changed.

	
	Pandemic (MR2)

	Outbreaks of animal diseases such as foot and mouth disease, bird flu, etc.

	
	Juridical (MR3)



	New legal regulations have not been updated by businesses, or there are still many complex regulations in the food sector.

	Information risks (IR)
	Poor support information system (IR1) 


	The information system ineffectively supports supply chain operations, and the technical equipment used to process information is outdated.

	
	Information security (IR2)

	Leaking confidential information to competitors, receiving false information.



Quantitative research
1.1.3 Questionnaire design for quantitative research
The questionnaire in this interview is very important; it directly impacts the research results, so it must be clear, not misleading or lengthy, and easy to understand. The questionnaire was carefully reviewed before being formally discussed with each expert.
The questionnaire is divided into four parts.

In part 1, the authors present the list of food supply chain risks in Vietnam that was agreed upon with experts in the hand-to-hand discussion round. Part 2 is designed to collect data comparing the relative importance of each pair of risk criteria. The scale used to compare each pair is presented in Table 3.

Table 3 
Pairwise comparison scale (Saaty, 2008)

	Definition of importance
	Explanation

	Intensity


	Extreme importance

	An activity is overwhelmingly favored over another
	9


	Very, very strong
	
	8

	Very strong

	An activity is favored very strongly over another
	7


	Strong plus
	
	6

	Strong importance

	Experience and judgement strongly favor one activity
	5


	Moderate plus
	
	4

	Moderate importance

	Experience and judgement slightly favor one activity
	3


	Weak or slight
	
	2

	Equal importance

	Two activities contribute equally to the objective
	1




The questionnaire was designed to ask experts about comparing the relative importance of each pair of risk criteria. A comparison of relative importance between criteria is performed by assigning weights from 1 (equal importance) to 9 (extreme importance). If one considers the risk criteria on the left are more important than the risk criteria on the right, weights should be assigned from (9-1) on the left; otherwise, weights should be assigned from (1-9) on the right.

For example, to compare pairs of risk criteria from the supply side (placed on the left) and risk from the demand side (placed on the right); if one considers that supply-side risks are more important than demand-side risks,  a weight from (9-1) should be assigned to the left of number 1, but if one considers that demand-side risk criteria are more important than supply-side risk criteria, then a weight from (1-9) should be assigned to the right of number 1. 

Part 3 of the questionnaire was designed to collect data on the probability of occurrence of the risk criteria. The Likert scale was used to collect data on the probability of occurrence of the risk criteria.  (1-5, Very low (1), Low (2), Medium (3), High (4) and Very high (5)).

The questionnaire was designed to ask experts about the probability of occurrence of each risk criterion. For example, what is the probability of occurrence of the cause “origin of goods”? The responses used the 1-5 Likert scale.

Part 4 of the questionnaire included open questions related to food supply chain risks in Vietnam.

1.1.4 Structured interviews with experts to collect data
The data collection tool used by the authors in quantitative research was structured interviews with experts and detailed questionnaires. Structured interviews are interviews conducted based on a completed questionnaire. The interviewer is not allowed to arbitrarily ask additional questions during the interview process. The researcher uses the structured interview method when s/he has accurately and clearly determined what information is necessary to collect to perform statistics, measurement, and other steps later in the research (Bolderston, 2012).  

The experts participating in this interview included those who had participated in hand-to-hand discussions. To limit the influence of experts on each other in terms of opinions, the authors interviewed each expert separately. Each participant was given 40-45 minutes to read through the questionnaire content before conducting the interview. The purpose of the interview was to establish the priority of risk criteria by comparing each pair of risks with each other, and collecting expert scoring data on the likelihood of risk criteria occurring. The results of data collection were collected by the authors later. Tables 4 and 5 illustrate a snapshot of the data collected. 

Table 4 
Results comparing the relative importance of several pairs of risk criteria

	Criteria on the left
	9

	8

	7

	6

	5

	4

	3

	2

	1

	2

	3

	4

	5

	6

	7

	8

	9

	Criteria on the right

	Level 1 risk criteria

	Risks from the supply side (SR)
	
	
	
	
	
	
	
	X
	
	
	
	
	
	
	
	
	
	Risks from the demand side 
(DR)



Table 5
Results of scoring the likelihood of risk occurrence  

	Risk criteria

	Results given by experts

	
	E1
	E2
	E3
	E4
	E5
	E6
	E7

	Origin of goods (SR1)
	5
	4
	5
	4
	4
	4
	4

	Perishable foods (SR2)
	4
	4
	4
	4
	5
	4
	4



1. Construction of comparison matrices
After collecting primary data from interviews with experts, the authors processed the data to build comparison matrices between food supply chain risk criteria in Vietnam. The comparison matrices between food supply chain risk criteria in Vietnam are specifically as follows: 

Level 1 pairwise comparison matrix

	Criteria
	SR
	DR
	TR
	MR
	IR

	SR
	1
	2
	4
	3
	5

	DR
	1/2
	1
	3
	2
	4

	TR
	1/4
	1/3
	1
	1/2
	2

	MR
	1/3
	1/2
	2
	1
	3

	IR
	1/5
	1/4
	1/2
	1/3
	1



Level 2 pairwise comparison matrix: SR

	Sub-criteria
	SR1
	SR2
	SR3
	SR4
	SR5

	SR1
	1
	2
	3
	1/2
	5

	SR2
	1/2
	1
	2
	1/3
	4

	SR3
	1/3
	1/2
	1
	1/5
	2

	SR4
	2
	3
	5
	1
	7

	SR5
	1/5
	1/4
	1/2
	1/7
	1



Level 2 pairwise comparison matrix: DR

	Sub-criteria
	DR1
	DR2
	DR3
	DR4

	DR1
	1
	1/2
	3
	2

	DR2
	2
	1
	5
	4

	DR3
	1/3
	1/5
	1
	1/2

	DR4
	1/2
	1/4
	2
	1


   
Level 2 pairwise comparison matrix: TR

	Sub-criteria
	TR1
	TR2
	TR3
	TR4

	TR1
	1
	2
	1/3
	1/2

	TR2
	1/2
	1
	1/5
	1/3

	TR3
	3
	5
	1
	2

	TR4
	2
	3
	1/2
	1



Level 2 pairwise comparison matrix: MR

	Sub-criteria
	MR1
	MR2
	MR3

	MR1
	1
	1/2
	2

	MR2
	2
	1
	3

	MR3
	1/2
	1/3
	1



Level 2 pairwise comparison matrix: IR

	Sub-criteria
	IR1
	IR2

	IR1
	1
	1/2

	IR2
	2
	1



1.1.6 Calculation of weights and consistency analysis
After completing the construction of the comparison matrices, the authors calculated the overall weight using the following steps:  
Step 1: Find the priority vector, the weights of level 1 risk criteria (global weight) including the weights of supply-side risks, the weights of demand-side risks, the weights of transportation risks, the weights of macro risks, and the weights of information risks.
 
Step 2: Find the priority vector and weight of level 2 risk criteria (local weight). 

The calculation of vectors was performed on each matrix one by one by summing the values of the matrix by column, then dividing each value of the matrix by the total of the corresponding column. The weight of each criterion (C1, C2, C3,... Cn) will be equal to the average of the values in each horizontal row. A matrix of one column and n rows results.  A consistency matrix was established to rate the importance of each factor. Then, the vectors corresponding to the maximum eigenvalues of the matrix were estimated to serve as the basis for decision-making.

The main eigenvalue and the corresponding normalized right eigenvalue of the comparison matrix indicate the relative importance when comparing factors. The elements of the normalized eigenvector are called the weights with respect to the factors or sub-factors and the ratings with respect to the alternatives. Equation 1 shows the formula of each matrix that needs to be normalized.  

Aw = W × λmax                		  (1)

CI=                    		  (2)

λmax = n is shown by Saaty (2008) as a necessary and sufficient condition to check for consistency. λmax deviates from n due to pairwise heterogeneous feedback. Therefore, the consistency index (CI) estimation method was proposed by Saaty to measure the consistency of the parameters. CI is defined in Equation 2. Then, to get the consistency ratio (CR), the CI is divided by the random consistency index (RI) in Equation 3, and the value of RI is tabulated in Table 6. 

CR=                               		   (3) 

Calculation results are only accepted when the consistency ratio CR ≤10% (0.1). If the consistency ratio is greater than 10%, the results of comparing pairs of risks of experts must be rechecked (Saaty, 2008). 

Table 6
Random consistency index table (Saaty, 1984)

	Order
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	RI
	0
	0
	0.58
	0.9
	1.12
	1.24
	1.32
	1.41
	1.45
	1.49



Step 3: Calculate the overall weight. The overall weight calculation expression was proposed by Saaty (1984) in Equation 4.

Overall weight = Local weight × Global weight                  (4)

1.1.7 Calculation of  impact of risk criteria
After having the overall weight results, we then calculated the overall converted weight (impact of risk criteria).   

First, we calculated the converted overall weight (impact of risk criteria). The impact level of the risk factor was determined based on the impact level scale (very low/0.05, low/0.10, medium/0.20, high/0.40, very high/0.80 as in Table 7) by using linear interpolation. The risk with the highest overall weight is assigned a weight of 0.8, and the risk with the lowest overall weight is assigned a weight of 0.05. Linear interpolation was used to calculate the weights of the remaining risks.
	
Table 7 
Risk impact ratings(s) with a corresponding description of impact levels and scores proposed by Project Management Institute (2017)

	Impact score
	Impact level
	Impact value

	5
	Very high
	0.4 < s ≤ 0.8

	4
	High
	0.2 < s ≤ 0.4

	3
	Medium
	0.1 < s ≤ 0.2

	2
	Low
	0.05 < s ≤ 0.1

	1
	Very low
	0 < s ≤ 0.05



1.1.8 Calculate the probability of occurrence
The calculation of probability of occurrence was based on data collected from experts in the scoring section on the likelihood of occurrence of risk criteria. The formula for calculating probability of occurrence was proposed by Hossen et al. (2015) and is shown in Equation 5. During the process of calculating the probability of occurrence of risks, if the probability of occurrence exceeds 0.9 according to the standards of the Project Management Institute (2017) as shown in Table 8, the experts must be interviewed again to make adjustments.

Probability of occurrence of risk criteria =                  (5)

Where ai is the constant expressing the weighting given to each response (0.1 for very low up to 0.9 for very high), ni is the frequency of the response, A is the highest weight 0.9, and N is the total number of responses.



Table 8 
Probability of occurrence levels and score proposed by Project Management Institute (2017)

	Probability score
	Probability level
	Rate

	5
	Very high
	0.7 < p ≤ 0.9

	4
	High
	0.5 < p ≤ 0.7

	3
	Medium
	0.3 < p ≤ 0.5

	2
	Low
	0.1 < p ≤ 0.3

	1
	Very low
	p ≤ 0.1



1.1.9 Calculation of risk score (RS)
Risk score (RS)=Impact of risk criteria × Probability of occurrence of risk criteria       (6)

Equation 6 was used to calculate the risk score value as proposed by Project Management Institute (2017). Long and Tue (2022) and Hossen et al. (2015) also used this formula to calculate the risk score. The calculated risk score value will be included in the Risk Matrix as in Figure 4 to classify the risk level of each risk criteria. 

According to Project Management Institute (2017), risk level groups are classified as: risks score from 0.01 to lower than 0.08 are considered low risks; risks score from 0.08 to lower than 0.18 are medium risks; risks score above 0.18 are high risks.
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Figure 4 Risk assessment matrix (Project Management Institute, 2017)
Results and discussion
Results
4.1.1 Expert participation 
To obtain a realistic assessment of food supply chain risks in Vietnam, relevant experts with five or more years of work experience (including senior managers, directors, and heads of business departments) with companies operating in the food sector were selected as participants. Furthermore, all participants had a high level of education and knowledge relevant to the field of study. They understand the supply chain well; therefore, their assessment accurately reflects the actual operating situation of the food supply chain in Vietnam. Table 9 shows the characteristics of the experts consulted for this study. Table 10 shows a list of risk criteria and their reference sources. Table 11 shows the results of local weight and global weight of risk criteria. Table 12 shows the priority ranking of food supply chain risk criteria in Vietnam.

Table 9 
Characteristics of experts 

	Job Title
	Experience in the food industry 

	
	5-10 years
	11-15 years
	16-20 years
	Over 20 years

	Senior managers
	
	
	1 expert
	1 expert

	Directors
	
	2 experts 
	2 experts 
	

	Business department head
	1 expert
	
	
	



Table  10
Risk criteria and their reference sources

	Level 1 risk criteria
	Level 2 risk criteria

	References


	Risks from the supply side (SR)
	Origin of goods (SR1)
	Zu Ermgassen et al. (2020)

	
	Perishable foods (SR2)
	Oturakci & Yildirim (2022)

	
	Production and processing costs (SR3)
	Oturakci & Yildirim (2022)

	
	Loss of food safety (SR4)
	Bogoch et al. (2020)

	
	Supplier financial capacity (SR5)
	Sharma et al. (2022)
Sharma & Bhat (2012)

	Risks from the demand side (DR)
	Demand fluctuates (DR1)
	Khan et al. (2022)

	
	Changing consumer behavior (RPA2)
	Khan et al. (2022)

	
	Customer relationship (DR3)
	Khan et al. (2022)

	
	Financial capacity of the customer (DR4)
	Oturakci & Yildirim (2022)

	Transportation risks (TR)
	Accidents in transport (TR1)
	Singh et al. (2021)

	
	Lack of transportation staff (TR2)
	Thulasiraman et al. (2021)


	
	Increased shipping costs (TR3) 
	Khan et al. (2022)

	
	Transport management (TR4)
	Singh et al. (2021)

	Macro risks (MR)
	Policy changes (MR1)
	Reardon et al. (2021)

	
	Pandemic (MR2)
	Bogoch et al. (2020)

	
	Juridical (MR3)
	Ho et al. (2015)

	Information risks (IR)
	Poor support information system (IR1) 
	Sharma & Routroy (2016)


	
	Information security (IR2)
	Diabat et al. (2012)



4.1.2 Results of finding priority vectors and checking consistency

Priority vector for level 1 risk criteria group: 

With n= 5; λmax= 5.0853

CI=  =  = 0.0213

CR=  = = 0.0190  

With CR = 0.0190<0.10, so in general there is consistency in decision making.  

Priority vector for level 2 risk criteria group- SR:  
With n= 5; λmax= 5.0480

CI=  =  = 0.0120

CR=  = = 0.0107    

With CR = 0.0107<0.1, so in general there is consistency in decision making.

Priority vector for level 2 risk criteria group- DR:  
With n= 4; λmax= 4.0265 

CI=  =  = 0.0088

CR=  = = 0.0098      

With CR = 0.0098<0.10, so in general there is consistency in decision making.  

Priority vector for level 2 risk criteria group- TR: 
With n= 4; λmax= 4.0127

CI=  =  = 0.0042 

CR=  = = 0.0047       

With CR = 0.0047<0.10, so in general there is consistency in decision making. 

Priority vector for level 2 risk criteria group- MR: 

With n= 3; λmax= 3.0076

CI=  =  = 0.0038

CR=  = = 0.0065        

With CR = 0.0065<0.10, so in general there is consistency in decision making. 

Priority vector for level 2 risk criteria group- IR:  

With n=2; then, obviously there is consistency in decision making.  

Table 11  
Results of local weight and global weight of risk criteria

	No.
	Risk criteria
	Local weight
	Global weight

	1
	Origin of goods (SR1)
	0.2598
	0.4165

	2
	Perishable foods (SR2) 
	0.1617
	0.4165

	3
	Production and processing costs (SR3)
	0.0881
	0.4165

	4
	Loss of food safety (SR4)
	0.4410
	0.4165

	5
	Supplier financial capacity (SR5)
	0.0495
	0.4165

	6
	Demand fluctuates (DR1)
	0.2642
	0.2619

	7
	Changing consumer behavior (DR2)
	0.5057
	0.2619

	8
	Customer relationship (DR3)
	0.0866
	0.2619

	9
	Financial capacity of the customer (DR4)
	0.1435
	0.2619

	10
	Accidents in transport (TR1)
	0.1572
	0.0985

	11
	Lack of transportation staff (TR2)
	0.0881
	0.0985

	12
	Increased shipping costs (TR3) 
	0.4827
	0.0985

	13
	Transport management (TR4)
	0.2720
	0.0985

	14
	Policy changes (MR1)
	0.2974
	0.1608

	15
	Pandemic (MR2)
	0.5393
	0.1608

	16
	Juridical (MR3)
	0.1633
	0.1608

	17
	Poor support information system (IR1)
	0.3333
	0.0623

	18
	Information security (IR2)
	0.6667
	0.0623





Table 12 
Risk index

	Risk criteria


	Overall weight

	Impact


	Prob


	Risk score
(RS)
	Risk level group
	Risk rank


	Loss of food safety (SR4)
	0.1836
	0.8000
	0.86
	0.69
	H
	1

	Changing consumer behavior (DR2)
	0.1325
	0.5810
	0.89
	0.52
	H
	2

	Origin of goods (SR1)
	0.1082
	0.4766
	0.86 
	0.41
	H
	3

	Pandemic (MR2)
	0.0867
	0.3845
	0.83
	0.32
	H
	4

	Demand fluctuates (DR1)
	0.0692
	0.3090
	0.86
	0.27
	H
	5

	Perishable foods (SR2)
	0.0674
	0.3017
	0.83
	0.25
	H
	6

	Policy changes (MR1)
	0.0478
	0.2177
	0.74
	0.16
	M
	7

	Increased shipping costs (TR3)
	0.0475
	0.2164
	0.71
	0.15
	M
	8

	Information security (IR2)
	0.0415
	0.1907
	0.74
	0.14
	M
	9

	Financial capacity of the customer (DR4)
	0.0376
	0.1739
	0.74
	0.13
	M
	10

	Production and processing costs (SR3)
	0.0367
	0.1701
	0.71
	0.12
	M
	11

	Transport management (TR4)
	0.0268
	0.1276
	0.54
	0.07
	L
	12

	Juridical (MR3)
	0.0263
	0.1254
	0.43
	0.05
	L
	13

	Customer relationship (DR3)
	0.0227
	0.1100
	0.40
	0.04
	L
	14

	Poor support information system (IR1)
	0.0208
	0.1019
	0.43
	0.04
	L
	14

	Supplier financial capacity (SR5)
	0.0206
	0.1010
	0.40
	0.04
	L
	14

	Accidents in transport (TR1)
	0.0155
	0.0792
	0.40
	0.03
	L
	15

	Lack of transportation staff (TR2)
	0.0087
	0.0500
	0.28
	0.01
	L
	16




Discussion
Table 12 shows the food supply chain risk priority ranking in Vietnam. Accordingly, the author has created three groups of risk levels as follows: risk group with low risk level (L), including risks with 0.01 ≤ RS < 0.08; risk group with average risk level (M), including risks with 0.08 ≤ RS< 0.18; risk group with high risk level (H), including risks with 0.18 ≤ RS.      
         
The high-risk level group (H) includes six risk criteria ranked in priority from 1 to 6. Risk criteria SR4 (loss of food safety) is the most prioritized criteria to respond with a RS=0.69. The second risk criteria prioritized for response is DR2 (changing consumer behavior) with a RS=0.52. The third prioritized risk criteria is SR1 (origin of goods) with a RS=0.41. The fourth risk criteria prioritized for response is MR2 (pandemic) with a RS=0.32. The fifth risk criteria prioritized for response is DR1 (demand fluctuates) with a RS=0.27. The sixth risk criteria prioritized for response is SR2 (perishable foods) with a RS=0.25. 

[bookmark: _GoBack]In the food industry, the issue of food safety and the origin of food is always of great concern to consumers. With fundamental changes in people’s eating habits and lifestyle, food awareness has been raised for most consumers. Modern customers care more about the safety and quality of the food they eat. Food safety is understood as food that is free from impurities and substances that can cause the growth of bacteria that are harmful to human safety and life (Haji et al., 2020). Consumer attitudes towards regional products, that is, products whose quality and/or reputation can be attributed to their region of origin and are marketed using the name of that region of origin are important. Sometimes, regional products are protected (as in the case of protected product designations of origin), depending both on the consumer’s attitude towards the region of origin and the identity image (brand identity) of the regional certification label (Fernández-Ferrín et al., 2020). 

Currently, intensive animal agriculture practices contribute to the outbreak (risk of future outbreak) of zoonotic diseases. The government has reasons to limit or even eliminate intensive animal farming to minimize the risk of zoonotic pandemics as well as the harmful effects and costs arising from production (Bernstein & Dutkiewicz, 2021). Demand is said to be the factor that influences and controls the entire supply chain; therefore, large fluctuations in demand for food will affect the efficiency of the food supply chain (Khan et al., 2022). Perishable food refers to a commodity that can be damaged in quality during production, storage, transportation, or handling. All fresh foods, such as vegetables, dairy products, and meat, are part of the perishable food supply. Notably, preserving fresh foods and perishable products is more complex than preserving any other commodity in the supply chain due to their short shelf life. This involves  the monitoring of time and temperature factors throughout all stages of the supply chain as they seriously affect food quality (Haji et al., 2020).   
 
The medium-risk level group (M) includes five risk criteria ranked in priority from 7-11. Risk criteria policy changes (MR1) is the seventh ranked priority response criteria with a RS=0.16. The eighth priority risk criteria for response is increased shipping costs (TR3) with a RS=0.15, then information security (IR2) with a RS=0.14 ranks ninth. The tenth priority risk criteria for response is financial capacity of the customer (DR4) with a RS=0.13, and the eleventh ranked priority risk criteria for response is production and processing costs (SR3) with a RS=0.12. 

Poor regulation and uncertainty related to management at different levels can negatively affect the operations of the food supply chain; on the other hand, increased transportation costs along with incidents occurring during transportation can adversely affect the quality of food, damaging the brand image as well as the profitability of the business (Khan et al., 2022). Information in the supply chain is vulnerable to attacks or weaknesses in the information network infrastructure that allow hackers to infiltrate, illegally access management software, and carry out campaigns that hinder the process (Boiko et al., 2019). Inflation causes prices to increase, while wages do not increase, affecting the frequency of consumer spending. Businesses face a range of different costs, including external costs, meaning environmental and social impacts defined as “externalities,” to internal costs, meaning material costs, energy costs, waste management costs, and additional costs (Amicarelli et al., 2022).   
       
The top 11 priority risks that need to be responded to by administrators belong to the high and medium level risk groups. However, there are still other risks that cannot be ignored just because they do not rank in the top 11 risks. Each risk event has its own importance to the supply chain.      

The remaining seven risk criteria are in the low-risk level group (L), prioritized from rank 12 to 16. Transport management (TR4) is the twelfth priority response criteria with a RS=0.07. The thirteenth priority risk criteria for response is juridical (MR3) with a RS=0.05. Risk factors customer relationship (DR3), poor support information system (IR1), and supplier financial capacity (SR5), are given the same priority and rank fourteenth in response due to the same RS of 0.04. The risk criteria accidents in transport (TR1) is ranked fifteenth in response priority with a RS=0.03. Finally, the risk criteria lack of transportation staff (TR2) with a RS=0.01 ranked sixteenth.  


Figure 5  Global weight of food supply chain risk criteria in Vietnam


Figure 6 Overall weight of food supply chain risk criteria in Vietnam


Figure 7 Impact of food supply chain risk criteria in Vietnam

Figure 8 Probability of occurrence of food supply chain risk criteria in Vietnam


Figure 9 Probability of occurrence and impact of food supply chain risk criteria in Vietnam


Conclusion and recommendations
Conclusion
Some food supply chain activities in Vietnam are facing different types of risks. This study aimed to determine the priority ranking of supply chain risk criteria. In total, 18 risk criteria were identified using a systematic literature review, combined with expert input. The authors used a multi-criteria decision-making method called the AHP combined with a risk matrix tool to determine the priority ranking of food supply chain risks in Vietnam. The results showed that there were 18 risk criteria divided into three groups of risk levels: the risk group with low risk level (L), including risks with 0.01 ≤ RS< 0.08; the risk group with an average risk level (M), including risks with 0.08 ≤ RS< 0.18; and the risk group with a high risk level (H), including risks with 0.18 ≤ RS.     
 
The risk group with a high level of risk includes six risk criteria ranked in priority from 1 to 6. The medium risk group has an average risk level consisting of five risk criteria ranked in priority from seventh to eleventh, respectively. The remaining risks fall into the low risk level group, and ranked in priority from twelfth to sixteenth. There are three risk criteria that rank in the fourteenth spot because they all have the same RS = 0.04. 

Recommendations
Based on the research results, the authors recommend that food supply chain managers in Vietnam pay attention to the top 11 risk criteria of the 18 studied criteria. These 11 risk criteria belong to the (H) and (M) criteria groups. The risk criteria group with a high-risk level (H) includes six risk criteria, with RS values from 0.25 to 0.69. This group needs to be given top priority for response because these criteria have a higher probability of occurrence and level of impact than the other two groups. Next, the group of criteria with medium risk level (M), which includes five risk criteria with RS values from 0.12 to 0.16 should be addressed. Although the level of impact and probability of occurrence of this group of criteria is lower than the group with a high risk level (H), their negative impact will not be small. The lowest priority is the group of risk criteria with low risk level (L), which includes seven risks. Implementing these recommendations will help businesses respond to risks most effectively in the context of limited resources and budgets, which are not enough to respond to all risks simultaneously.      

5.2.1 Responding to groups of risk criteria with high levels of risk (H)
This group of risk criteria has both a high level of probability of occurrence (0.83 to 0.89) and level of impact (0.3017 to 0.8). Risks with high probability of occurrence and level of impact require an avoidance strategy (Hopkin, 2018). Applying the 4T response rule, food supply chain managers in Vietnam need to use measures to terminate (avoid) criteria in this group (H). Avoidance aims to limit excessive negative impacts from risk criteria on supply chain operations.  

5.2.2 Responding to a group of risk criteria with a medium risk level (M)
This group of risk criteria has a relatively high probability of occurrence (from 0.71 to 0.74) and a low level of impact (from 0.1701 to 0.2177). Risks with a high probability of occurrence and low level of impact require mitigation strategies (Hopkin, 2018). Applying the 4T risk response rule, food supply chain managers in Vietnam need to implement treat (mitigate/enhance) strategies. Mitigation is the control action taken to limit risk to an acceptable level.  

5.2.3 Responding to groups of risk criteria with low risk levels (L) 
This group of risk criteria has a relatively low probability of occurrence (0.28 to 0.54) and a low level of impact (0.05 to 0.1276). Risks with low probability and impact require an acceptance strategy (Hopkin, 2018). Applying the 4T risk response rule, food supply chain managers in Vietnam need to implement a tolerate (accept) strategy. Although businesses can decide how much risk they can tolerate, in reality the impact of dangerous risks can be greater than expected. Therefore, appropriate attention from administrators is still needed to these risk criteria.    

5.3 Limitations and future research 
Similar to other studies, this study has some limitations that may provide scope for future studies. In this study, the experts’ evaluation may be biased towards their field of expertise and qualifications as well as their seniority. Furthermore, the AHP method performs risk analysis using relative priority weights. Therefore, caution should be exercised when constructing pairwise comparison matrices for risk criteria.

In this study, the authors combined the AHP method with the risk matrix tool to prioritize risks. Future studies can enhance risk assessment by integrating the AHP method with other techniques, such as Fine Kinney or the FMEA (Failure Modes and Effects Analysis) approach. FMEA is a systematic approach used to identify potential failures in a process, product, or system and assess their impact. This study focuses on supply chain risk in the food industry; therefore, future research could explore the combination of the AHP with the risk matrix tool to prioritize risks in other industries.
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