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Abstract. Due to the increasing occurrence of disruptive events caused by both 

human and also natural disasters, supply chain risk management has become an 

emerging research field in recent years, aiming to protect supply chains from 

various disruptions and deliver sustainable and long-term benefits to stakeholders 

across the value chain. Implementing optimum designed risk-oriented supply 

chain management can provide a privileged position for various businesses to 

extend their global reach. In addition, using a proactive supply chain risk man-

agement system, enterprises can predict their potential risk factors in their supply 

chains, and achieve the best early warning time, which leads to higher firms’ 

performance. However, relatively little is known about sustainable risks in food 

supply chains. In order to manage the ever-growing challenges of food supply 

chains effectively, a deeper insight regarding the complex food systems is re-

quired. Supply chain risk management embraces broad strategies to address, 

identify, evaluate, monitor, and control unpredictable risks or events with direct 

and indirect effect, mostly negative, on food supply chain processes. To fill this 

gap, in this paper we have critically discussed the related supply chain risk man-

agement literature. Finally, we propose a number of significant directions for fu-

ture research. 

Keywords: Supply chain risk, Food supply chain risk, Sustainable develop-

ment, Risk assessment. 

1 Introduction 

The global population has increased rapidly in the past few decades, which can have a 

direct effect on increasing demands for food products. Population growth can exert tre-

mendous pressure on natural resources that contribute to global climate change and 

global warming [1] [2]. It also can reduce the level of sustainable development in dif-

ferent countries. Achieving the UN Sustainable Development Goals (SDGs) is crucial 

in order to harmonize key dimensions of industrial growth, economic growth, social 

involvement, and environmental protection [3]. One of the major sustainability chal-

lenges is food security noted as one of the Sustainable Development Goals (SDG 2) 

[4].  
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Considering specific characteristics of food commodities such as perishability and 

its dynamic system, food supply chains (FSCs) are far more complex than other indus-

tries such as manufacturing/service [5] [6]. Food is considered as the vital and most 

basic human need for survival. Through the years, FSCs have had to deal with massive 

challenges such as food price fluctuation, climate change, food wastage, food and nu-

trition security, governance problems, and value-distribution across FSCs [7] [8]. On 

the other hand, the food network is characterized by a dynamic environment with cus-

tomers who have increasing demands for food safety and sustainable food commodi-

ties. Food consumers also have an intense concern regarding how food products are 

supplied [9]. The environmental performance of food supply chains is immensely af-

fected by the downstream processes that frequently include elements such as distribu-

tion of food products through various channels or drop-off points. One of the critical 

success elements for improving the food distribution system is selecting efficient logis-

tics strategies and adopting appropriate technologies [10]. 

In this paper, we examine food supply chain risks and security within the context of 

the UK food supply chain. The rest of the paper is structured as follows: Section 2 

outlines a brief overview of Food Supply Chain Management. Section 3 discusses sus-

tainable supply chains in the UK context. Sections 4 and 5 outline risk management 

within supply chains in general and food supply chains respectively. Section 6 provides 

a detailed review of literature on supply risk management. The paper is concluded in 

section 7. 

2 Food Supply Chain Management (FSCM) 

The food industry is characterized by a dynamic environment due to the changing de-

mands of its customers [11] [12] [13]. Based on this characteristic of the food industry, 

companies should have the flexibility to promptly adjust their strategies and redesign 

their resources [14] [15] [16] [17]. Adopting mass production is another characteristic 

in food industries. In addition, the whole processes across the supply chains such as 

purchasing, manufacturing, financing, and sales and marketing have been affected by 

globalization conditions, and integrated in order to generate global chains  [13].  

To improve efficiency of operation and to provide necessities, FSC needs to recog-

nize and identify characteristics in this industry. Moreover, Schmid et al. (2014) argue 

that the characteristics between two main categories of fresh food and long-life products 

are different [18]. Therefore, each of the categories requires its own specific strategy. 

Due to low-profit margins in food supply chains, product differentiation is the most 

common strategy adopted in the food industry [19]. One of the important factors delib-

erated in food markets as the differentiation strategy is product freshness [20]. 

Risk assessment is an essential method for minimizing waste in FSC and preventing 

food and resource wastage. It also supports organizations to establish resilient strategies 

to achieve food security. Christopher and Peck (2004) have argued that the contempo-

rary challenges in the food businesses are about handling and mitigating risks using 

resilient supply chain principles in various enterprises [21]. Evaluating risks in FSCs 
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can lead to the improvement of other key aspects such as sustainability and performance 

[22]. 

In pursuance of supplying safe and reliable commodities, entire supply chain roles 

should be aware of different potential risks either within and outside their systems. Ex-

isting literature highlight that enterprises are required to follow an explicit design to 

recognize and evaluate risks within their supply chain. The risk evaluation ultimately 

supports organizations to implement a preventive and sometimes a reactive plan to turn 

strategies to actions and appropriately manage potential risks [23]. Reducing uncertain-

ties and liability across supply chains are the expected results that aim to achieve a high 

level of supply chain performance [24]. 

3 Sustainable Food Supply Chain Management in the 

United Kingdom 

In line with the growing concerns, sustainability has been examined by consumers in 

recent decades. Particularly the concept of organic food as well as fair trade are under 

the scrutiny of consumers. Due to the dynamic environment in the food supply chains, 

food safety and sustainable production, and distribution are considered as the most sig-

nificant customers’ expectations [9]. The UK Sustainable Development Commission 

[25], according to its strategy and various stakeholder’s perspectives, has constructed 

an applicable international framework for high priority principles of sustainable food 

and farming industries (Table 1). 

Table 1. UK Sustainable Development Commission Priorities [25] 

UK Sustainable Development Commission Priorities 

1 Safe, healthy products, nutrition and information for consumer 

2 Rural and urban economies and communities 

3 Viable livelihoods from sustainable land management 

4 Operate within biological limits of natural resources 

5 Reduce energy consumption, minimize inputs, renewable energy (environ-

mental performance) 

6 Worker welfare, training, safety and hygiene 

7 High standards of animal health and welfare 

8 Sustaining resources for food production 

4 Sustainable Chain Risk Management 

George (1967) presented an alternative definition for risk to avoid basic faults in the 

previous definition which was offered by Insurance Terminology of the American Risk 

and Insurance Association in 1966 [26].  He defined risk. “not as uncertainty, but as the 

objective probability that the actual outcome of an event will differ significantly from 

the expected outcome.” As noted in Table 2 there are other definitions that can charac-

terize the following formulas for risk. 
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Table 2. Risk Definitions 

Citation Formula 

[27] Risk=Probability× Impact 

[28] Risk=Hazard+ State of the system+ Consequences 

[29] Risk Source= Hazard+ Vulnerability→ Disruption→ 

Consequences 

 

The coherent and consistent services from suppliers are expected by customers 

throughout the world. However, due to the increasing complexity in the current com-

petitive global market, it is challenging to guarantee seamless supply chains [30]. Given 

the existing supply chains susceptibility and disruptions’ intensity, operations manage-

ment practitioners and researchers have concentrated on investigating the phases of 

supply chain risk management (SCRM). According to the Business Continuity Institute 

survey in 2016, 73% of organizations noted that they intend to include risk management 

approaches over their supply chain processes [31]. Such a high rate indicates that there 

is significant amount of resources required in organizations to mitigate supply chain 

risks.  The main reasons for supply chain disruptions are categorized into two specific 

internal and external groups.  Some examples of external events include natural catas-

trophes, changes in legislation and regulation, and market development. Instances of 

internal events are fraud, accidents, theft, epidemic disease, and sabotage [32]. Finan-

cial stability, organization’s reputation, and customers’ desires are certainly affected by 

these disruptions [33]. The growing probability of disruptive events with significant 

impacts has directed organizations to employ diverse proactive and reactive strategies 

for risk mitigation. Figure 2 illustrates the most commonly adopted supply chain risk 

strategies for mitigating risks. 

 

Fig. 1. Most commonly adopted supply chain risk strategies, adapted from [34] 

Supply chain vulnerability is defined by [21] as disclosure to shocks emerging from 

within and outside of the supply chains. The vulnerability has been determined from 

three important characteristics including the tendency to risk, the ability to resist the 

shock, and strength-building [21]. Contrary to the vulnerability concept, resilience in 

supply chains is the ability to recover and resist disturbances (e.g., supplier failure, 
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inadequate demand prediction, etc.) and has a positive implication [35]. Resilience as 

a proactive approach aims to improve an organisation’s ability to mitigate various risks 

[28].  

 Kumar et al. (2010) define supply chain risks as the possible deviations from the 

primary objective that, ultimately, target the reduction of value-added processes at var-

ious stages [36]. Zsidisin (2003) define risk in supply chains as “the probability of an 

incident associated with inbound supply from individual supplier failure or the supply 

market occurring, in which its outcomes result in the inability of the purchasing firm to 

meet customer demand or cause threats to customer life and safety” [37]. 

Kern et al. (2012) have categorized risk into two main groups; Disruptive risks, and 

operational risks [38]. An example of an operational risk is the inappropriate or failed 

activities that can cause a supply-demand inconformity [39]. Equipment failure, supply 

failure, and strategy failure are other instances of operational risks. On the other hand, 

disruptive risks occur as a result of human-made or the natural catastrophe; such as 

terrorist attacks, natural disaster, and economic dilemma [40]. Disruptive risks are less 

controllable than operational risks. Another classification that has proposed by [41] is 

a) internal risk events occurring within a firm’s supply chain and b) external risks aris-

ing from the environment surrounding a supply chain system.  

5 Food Supply Chain Risk Management 

Due to the dynamic market environment, the importance of achieving competitive ad-

vantages in the global trade, and complicate relationships among supply chain network 

actors (i.e. suppliers, producers, logistics providers, service providers, customers, etc.), 

FSCs are susceptible to various types of risks. Manuj & Mentzer (2008) argue that a 

risk management method incorporates three essential phases that are: risk identifica-

tion, risk evaluation, and risk mitigation [42].  

The empirical examination of supply chain risk management is broadly detailed in 

various literature [43] [44]. To provide a better understanding of risk in the context of 

supply chains, Rao and Goldsby (2009) offered a systematic classification of risks [45]. 

Tummala & Schoenherr (2011) developed a broad method to govern potential risks in 

supply chains by adopting a risk management procedure [46]. According to this man-

agement approach, risk identification is considered as the first stage in the risk analysis 

and is followed by risk assessment, and risk monitoring stages. The process of risk 

assessment is about identifying the most appropriate mitigation and proactive strategy 

based on the identified risks. The risk impacts on supply chain and their measurement 

techniques hinge on the architectural assessment “impact area” of various risks [47]. 

Supply chain risk management (SCRM) encompasses processes of risk recognition, 

risk measurement, risk handling, risk analysis, risk monitoring across the risk manage-

ment framework [48]. 

The most cited and adopted supply chain risk classification in different research 

studies is conducted by [49]. He analyzed more than 200 quantitative articles between 

1964 and 2005 and classified supply chain risks into two major risk types that include 

disruption and operational risks. Disruption risks are affected by man-made and natural 
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failure (i.e. terrorist violations, hurricanes, earthquakes, storm, economic disaster [40]. 

Operational risks emerge during the business procedure execution or different supply 

chain practices [39]. Heckmann et al. (2015) argued that operational risks in FSCs in-

clude supply failure, demand fluctuation and uncertainty, price variance in the market, 

and cost growth due to machine/equipment failure or management failure [50].  

Risk classifications in the supply chain are also provided in SCRM literature such as 

[21] [45]. Olson & Dash (2010) suggested that for simplifying supply chain risks, such 

risks can be classified into three main groups [51]. These groups include: internal to 

firm, external to firm but internal to supply chain network. and external to network. 

Totally, with their sub-categories, five categories that can be generated include the in-

ternal process, internal control, demand and supply in supply chain network, and envi-

ronmental risks. Christopher and Peck (2004) defined processes as sequences of value-

adding activities adopted by various firm; they also argued that the internal process 

risks can disrupt these processes in focal firms [21]. They also stated that internal con-

trol risks are arising from misapplication of policies, rules, and procedures for control-

ling processes in firms. In terms of demand risks in supply chains, they argue that it is 

related to potential disruptions that have negative effects on the downstream flows in 

supply chains such as materials, cash, and information. On the other hand, supply risks 

have adverse impacts on upstream flows of supply chains. Various focal firms, up-

stream and downstream supply chains, and even market places are affected by the final 

category which is the environmental risks. According to a research review by Goh et 

al. (2007), most risks are categorized based on their source, which are typically within 

supply networks or their external environment [52]. Many recent studies are focusing 

on supply chain risks due to the number of related occurrences causing disruption and 

lowering organizational performances [22] [53]. 

According to the research undertaken by several researchers (e.g. [54] [55]), there is 

another classification for risks in food supply chains. It is believed that risks are mainly 

emerging from sources such as weather, natural disaster, biological and environmental-

elements, market-related elements, logistical and infrastructure factors, political fac-

tors, public policy and institutional elements, and management and operational influ-

ences (Table 3). 

Table 3. Main classification of risks emerging in agri-food supply chains, adapted from [56] 

Risk Definition 

Weather related risk Result of hail and wind catastrophe and 

to immense humidity 

or extreme rain that can increase the pos-

sibility of pests and diseases 

Natural disaster risks Extensive typhoons, droughts, cyclones, 

hurricanes, earthquakes, floods, and vol-

canic activity 

Biological and environmental related 

risks 

The biological risk can be from various 

sources such as bacteria, plants, in-sects, 

viruses, birds, animals, and humans. 

Some of these risks frequently have 
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negative impacts on the quantity of pro-

duction and postharvest, but some of 

these may have an effect on the quality 

of products as well. 

Environmental-related risks are caused 

by environmental degradation such as 

soil erosion or factory pesticide or sew-

erage flow into water sources. 

Market-related risks Mainly, market risks are caused by rea-

sons such as demand fluctuation, price 

change, change in quality standards, 

short in supply and access to various de-

sirable products and services. 

Logistical and infra-structure risks Lack of reliable and affordable transport, 

inappropriate communication manage-

ment and information sharing, high en-

ergy consumption due to improper route 

planning and transportation mood selec-

tion can cause logistics and infra-struc-

ture risks 

Political risks Political risks are related to politico-so-

cial vulnerability inside or outside of a 

country, trade disruptions due to conten-

tion with other neighboring countries or 

traders, seizure of the asset due to dis-

pute or regulation changes by foreign 

countries and investors 

Public policy and institutional risks Changing monetary, uncertain financial 

policies (e.g., credit, savings, insurance) 

and tax policies; changing regulatory and 

legal procedures are major causes of 

public policy and institutional risks 

Management and operational risks Weak system management regarding 

making decisions about capital and as-

set allocation, sources selection, quality 

control, planning, and forecasting, using 

the high capacity of machines and equip-

ment and maintaining those, and com-

munication and leading labor and em-

ployees are the main sources of manage-

ment and operational risks 

 

 

Performance measurement has many overlaps with the risk management field, and 

many scholars consider risks as major sources for compromising performance in supply 

chains (e.g., [55] [57]). In order to provide further insights and offer integration among 

supply chain actors as well as to generate useful information for ideal decision making, 
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performance management is considered as an effective suite of techniques and tools 

[58]. The main performance measurements suggested in previous studies include finan-

cial, especially total cost, level of responsiveness to customers, flexibility, food safety, 

and quality time, particularly lead time, and processes [57].  

 

5.1 Sustainable Supply Chain Risk Management  

Due to severe pressure from various stakeholders, organizations around the world are 

concentrating on the sustainability of their product/service and their operation, and the 

triple bottom line framework (i.e. environmental, social, and economic performance) 

has become a focal point [59]. Many current analytical and empirical studies are now 

focused on sustainable operations. Sustainable operations are related to concepts such 

as innovation and adopting new technology, remanufacturing, supply chain analysis 

and design, product development, reverse logistics, and applying appropriate inventory 

management methods to minimize waste. Nevertheless, a few research works [16] [60] 

have attempted to evaluate the linkage between sustainable practices adoption and sup-

ply chain risks with a view to assessing those risk by different methods. According to 

Carter and Rogers (2008), sustainability is one of the capabilities in organizations to 

identify and mitigate social, economic, and environmental risks across the SC [61]. 

Other studies in finance and strategy have also investigated the linkage between Social 

Responsibility (SR) and risk management in firms (i.e. evaluate concerning stock mar-

ket efficiency and performance) [62]. Taylor and Vachon (2018) argued that the value 

and importance of sustainability can inform supply chain risk mitigation approaches 

[60]. 

6 Review of Supply Chain Risk Appraisal Approach 

Risk assessment is defined as an explicit, systematic process that is both complicated 

and evolving. In line with this evolvement, adopting comprehensive quantitative risk 

assessments is more common in recent literature. However, various firms, specifically 

small and medium-size organizations, encounter many difficulties within their quanti-

tative risk assessment implementations. The main reasons for these difficulties include 

lack of proficiency, knowledge, scheduling and time management, motivation, engage-

ment, and capital. In addition, due to the lack of access to quantitative data and an 

applicable model with appropriate parameters, quantitative risk assessments are not al-

ways usable [63]. 

According to [64], when risk managers are struggling with the aforementioned prob-

lems, they can adopt qualitative risk assessment for prioritizing risks, setting appropri-

ate strategies and policies, and risk resource allocation. In order bridge the gap between 

the two different approaches (i.e. qualitative and fully quantitative), various semi-quan-

titative scoring systems and other techniques such as decision trees have also been in-

troduced e.g. by [65] [66]. 

In the past decade, there have been growth in studies concentrated on supply chain 

risk assessment. Gaudenzi & Borghesi (2006) suggested an AHP-based framework for 

examining supply chain risks [67]. Chang et al. (2015) introduced an exploratory 
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technique to develop optimum decisions for minimizing risk in FSCs [68]. In order to 

present a comprehensive system thinking approach in the SCRM field, Ghadge et al. 

(2012) conducted a systematic literature review [69]. There are a few significant con-

tributions to the field of SCRM. Hossein Nikou & Selamat (2013) presented a literature 

review on supply chain risk management to evaluate the potential risks across the Ma-

laysian FSCs [70]. Manning & Soon (2016), in order to drive SC agility and stability 

in various organizations, designed a resilience model for FSCs [71]. Fearne et al. (2001) 

focused on the mitigation approaches for the risks related to fresh beef supply chains 

[72]. There are other studies such as [73] that evaluated the relationship between po-

tential risks and organizational performance in food supply chains, particularly for fresh 

food retailer networks. Ding et al. (2014) measured indicators of quality performance 

in the FSCs in the Australian beef processing sector [74]. Various risk impacts on food 

processing performance are also highlighted in [75]. Dani & Deep (2010), conducted a 

research review on various risk response development approaches [76]. Wang et al., 

(2012) established a new risk assessment methodology for studying aggregative food 

safety risks in the food supply chain using fuzzy set theory and AHP [77]. The main 

important literature focusing on food supply chain risk assessment is provided and ex-

amined in Table 4. 

Table 4. Summary of the SCRM assessment literature 

Source Aim Risks involve Method 

[78] 

To establish a rank-

ing for suppliers 

based on aspects 

determined by mi-

cro/macroeconomic 

features 

1. Food quality 

2. Corruption 

3. Environmental sustainability  

4. Logistics 

5. Price 

6. Production volume 

7. Economic growth 

Technique for 

Order Preference 

by Similarity to 

the Ideal Solu-

tion (TOPSIS), 

Elimination et 

Choix Traduisant 

la Realité 

(ELECTRE), 

Cross-Efficiency 

(CE) 

[79] 

To develop sustain-

able framework to 

minimize food 

waste. 

1. Lack of skilled personnel Poor 

leadership 

2. Failure within the IT system 

3. Capacity 

4. Poor customer relationship 

Pareto analysis  

Decision-Mak-

ing, Trial and 

Evaluation La-

boratory 

(DEMATEL) 

 

[53] 

To evaluate the im-

pact of possible de-

mand disruptions in 

FSCs 

1. Demand disruption Game theory 

[80] Review the mathe-

matical models 1. Seasonality Review Paper 
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generated in agri-

cultural business 

2. Supply 

3. Lead-times 

4. Perishability 

[40] 

Risk assessment 

with two different 

approach and creat-

ing novel approach 

for assessment 

1. Macro level risks 

2. Operational risks external to 

the firm 

3. Internal risks 

Hierarchical hol-

ographic model-

ling and FL 

[81] 

To model a govern-

ment-manufac-

turer-farmer game 

for FSCs risk man-

agement 

1. Society health risks from 

chemical additive 
Game theory 

[39] 

Reduce the occur-

rence of the food 

safety issues and 

ensure the quality 

of the people’s life 

1. Safety risk Fuzzy AHP 

[82] 

Develop a model by 

adopting AHP ap-

proach for supply 

chain risk assess-

ment 

 

1. Earthquake 

2. Financial Crisis 

3. Supply interruptions 

4. Inaccurate demand forecasts 

5. Technology upgrades 

6. Machine breakdowns 

Orders-of magni-

tude and AHP 

[50] A critical review of 

supply chain risk 

1. Network risk 

2. Process risk 
Review Paper 

[34] 

A literature review 

regarding supply 

chain risk manage-

ment 

1. Macro risk factors 

2. Micro risk factors 

3. Demand risk factors 

4. Manufacturing risk 

5. Supply risk factors 

Review Paper 

[83] 

Examine the re-

search literature re-

lated to food supply 

chain risk assess-

ment for realizing 

progress in this area 

1. Planning 

2. Quality of raw materials 

3. Resource allocation  

4. Production  

5. Specification change 

6. Delay  

7. Defects 

8. Reputation 

9. Contract risks 

Review Paper 

and survey 
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10. Supply 

[84] 

Propose an incen-

tive scheme include 

two contracts (i.e. 

wholesale-market-

clearance and 

wholesale-price-

discount sharing) 

for eliminating 

‘‘double marginali-

zation’’ in three-tier 

supply chain 

1. Poor logistics contracts SIM 

[85] 
Managing and miti-

gating risks in food 

supply chain 

1. Macro level risks 

2. Demand management risks 

3. Supply management risks 

4. Product/service management 

risks 

ISM Modelling 

[86] 

Qualitatively exam-

ine the various 

types of uncertainty 

effecting on 

transport operations 

instead of evaluat-

ing the each involve 

risk 

1. Delays 

2. Delivery constraints 

3. Lack of coordination 

4. Variable demand 

5. Poor information 

Review Paper 

[87] To examine risks in 

FSCs 

1. The quality risks 

2. The logistics and inventory 

control risks 

3. The structural risks 

4. The information risks 

5. The cooperation risks 

6. The market risks 

7. The environmental risks 

System dynam-

ics 

[45] SCRM review 

1. Environmental factors 

2. Industry factors 

3. Organisational factors 

4. Problem-specific factors and 

5. Decision-maker related fac-

tors 

Review Paper 

[88] Identify the rela-

tionship between 1. Information 
Fuzzy Interpre-

tive Structure 
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cold chain and de-

veloping economies 

in India 

2. Communications technology Modelling 

(FISM) approach 

[49] 
Perspectives in sup-

ply chain risk man-

agement 

1. Operational risk 

2. Uncertain cost 

3. Disruption risk 

4. Natural and man-made disas-

ters 

5. Economic crises 

Review Paper 

[89] Model for inbound 

supply risk 

1. Internal risk  

2. Quality risk  

3. External risk 

4. Demand risk 

5. Natural or man-made disaster  

6. Security 

AHP 

[67] 

Proposed a method 

to assess supply 

chain risks accord-

ing to supply chain 

objectives 

1. Transport/distribution 

2. Manufacturing 

3. Order cycle 

4. Warehousing 

5. Procurement 

AHP 

[41] 

To understand the 

business needs for 

(SCRM) from a 

practitioner over-

view. 

1. Loss of IT 

2. Fire 

3. Loss of site 

4. Employee health and safety 

5. Customer health and product 

safety 

6. Industrial action 

7. Loss of suppliers 

8. Terrorist damage 

9. Pressure group 

Exploratory 

quantitative sur-

vey and qualita-

tive focus group 

discussions 

[47] 
Managing risk to 

avoid supply chain 

breakdown 

1. Supply risk 

2. Strategic risk 

3. Regulatory risk 

4. Customer risk 

5. Operations risk 

6. Impairment asset risk 

7. Competitive risk 

8. Financial risk 

9. Reputation risk 

Supply chain risk 

tool 
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[90] 

Managing complex 

problems associat-

ing with both oper-

ational and supply 

chain risk for mini-

mising the costs 

1. Length of harvest season 

2. Crop size under climatic vari-

ations 

SP 

 

7 Conclusion and Future Research  

We have provided a detailed narrative extraction on key literature related to food supply 

chain risk management. We believe that the future direction of research for food supply 

chain risk management embrace the capabilities offered by technologies such as Arti-

ficial Intelligence (AI).  Breakthroughs in advance digitization, information systems, 

robotics, technological development, and Artificial Intelligence (AI) will be the driving 

force of the “fourth industrial revolution” [91]. AI for instance, can provide a distinctive 

ability in which machines obtain intelligence for making decisions through minimizing 

human intervention. Machine Learning (ML) is one of these methods, which is the key 

to unlocking meaning from the dataset through learning from experience [92]. It has 

revealed in the literature that the machines could possess higher level accuracy in final 

results compared by human being’s outputs in many fields throughout the decision-

making processes [93], for instance prediction of cancer [94], drug discovery and de-

velopment [95], big data [96], and genomics [97]. 

Despite enthusiasm regarding AI in recent years, there a few vendors in the food 

industry that apply machine learning in their system. Most early AI applications are 

mainly adopted by industries such as pharmaceutical, healthcare, cosmetics and, retail. 

One future research direction in the field is to investigate the possibility of applying 

ML methods to develop predictive analytics for sustainable supply chain risk manage-

ment. The research in this spectrum is still at its initial stages, providing purely theoret-

ical schemes that have not been thoroughly tested or applied in real-world contexts.  

Through applying machine learning approaches, we could pave the way for auto-

mating prediction by training datasets for such predictive analytics tools. The automa-

tion will enable organizations to predict supply chain risks, mitigate those, and put 

measures in place to develop resilience. Subsequently, the negative impacts of events 

such as unprecedented weather and supply chain shock (e.g. COVID-19) will be greatly 

reduced. It also can support organizations to provide sustainability to the sector and 

other intangible benefits (i.e., social value). 

 

 

 

 



14 

References 

 

[1]  A. Hosseinian-Far, E. Pimenidis, H. Jahankhani and D. C. Wijeyesekera, 

“Financial Assessment of London Plan Policy 4A. 2 by probabilistic inference 

and influence diagrams,” Artificial intelligence applications and innovations, 

pp. 51-60, 15 Sep 2011.  

[2]  A. Hosseinian-Far and H. Jahankhani, “Quantitative and systemic methods 

for modeling sustainability,” in Green information technology, Morgan 

Kaufmann, 2015, pp. 83-92. 

[3]  Desa UN, “Transforming our world: The 2030 agenda for sustainable 

development,” United Nations, New York, USA, 2016. 

[4]  M. G. Abdella, M. Kucukvar, N. Cihat Onat, H. M. Al-Yafay and M. E. 

Bulak, “Sustainability assessment and modeling based on supervised machine 

learning techniques: The case for food consumption,” Journal of Cleaner 

Production, vol. 119661, p. 251, 2020.  

[5]  S. M. Ali and K. Nakade, “Optimal ordering policies in a multi-sourcing 

supply chain with supply and demand disruptions-a CVaR approach.,” 

International Journal of Logistics Systems and Management, vol. 28, no. 2, 

pp. 180-199, 2017.  

[6]  A. Singh, N. Shukla and N. Mishra, “Social media data analytics to improve 

supply chain management in food industries,” Transportation Research Part 

E: Logistics and Transportation Review, vol. 114, pp. 398-415, 2018.  

[7]  S. Gokarn and T. S. Kuthambalayan, “Analysis of challenges inhibiting the 

reduction of waste in food supply chain,” Journal of Cleaner Production, vol. 

168, pp. 595-604, 2017.  

[8]  A. Fredriksson and K. Liljestrand, “Capturing food logistics: a literature 

review and research agenda,” International Journal of Logistics Research and 

Applications, vol. 18, no. 1, pp. 16-34, 2015.  

[9]  P. Beske, A. Land and S. Seuring, “Sustainable supply chain management 

practices and dynamic capabilities in the food industry: A critical analysis of 

the literature.,” International journal of production economics, vol. 152, pp. 

131-143, 2014.  

[10]  C. D. Tarantilis, G. Ioannou and G. Prastacos, “Advanced vehicle routing 

algorithms for complex operations management problems,” Journal of Food 

Engineering, vol. 70, no. 3, pp. 455-471, 2005.  

[11]  J. van der Vorst and A. Beulens, “Identifying sources of uncertainty to 

generate supply chain redesign strategies.,” International Journal of Physical 

Distribution & Logistics Management, vol. 32, no. 6, pp. 409-430, 2002.  

[12]  F. Wiengarten, M. Pagell, and B. Fynes, “Supply chain environmental 

investments in dynamic industries: Comparing investment and performance 



15 

differences with static industries.,” International Journal of Production 

Economics, vol. 135, no. 2, pp. 541-551, 2012.  

[13]  J. Trienekens, P. Wognum and A. Beulens, “Transparency in complex 

dynamic food supply chains,” Advanced Engineering Informatics, vol. 26, no. 

1, pp. 55-65, 2012.  

[14]  D. J. Teece, G. Pisano and A. Shuen, “Dynamic capabilities and strategic 

management,” Knowledge and Strategy, vol. 18, no. 7, pp. 77-116, 2009.  

[15]  I. Barreto, “Dynamic Capabilities: A review of past research and an agenda 

for the future.,” Journal of Management, vol. 36, no. 1, pp. 256-280, 2010.  

[16]  K. Foerstl, C. Reuter, E. Hartmann and C. Blome, “Managing supplier 

sustainability risks in a dynamically changing environment-Sustainable 

supplier management in the chemical industry,” Journal of Purchasing and 

Supply Management, vol. 16, no. 2, pp. 118-130, 2010.  

[17]  Q. Zhu, J. Sarkis and K. Lai, “Institutional-based antecedents and 

performance outcomes of internal and external green supply chain 

management practices,” Journal of Purchasing and Supply Management, vol. 

19, no. 2, pp. 106-117, 2013.  

[18]  X. Rivera, N. Orias and A. Azapagic, “Life cycle environmental impacts of 

convenience food: Comparison of ready and home-made meals,” Journal of 

Cleaner Production, vol. 54, no. 4, pp. 1513-1520, 2014.  

[19]  O. Ahumada and J. R. Villalobos, “Application of planning models in the 

agri-food supply chain: A review,” European Journal of Operational 

Research, vol. 196, no. 1, pp. 1-20, 2009.  

[20]  M. Lütke Entrup, Advanced Planning in Fresh Food Industries: Integrating 

Shelf Life into Production Planning, Germany: Physica, Heidelberg, 2005.  

[21]  M. Christopher and H. Peck, “Building the Resilient Supply Chain,” The 

International Journal of Logistics Management, vol. 15, no. 2, pp. 1-14, 2004.  

[22]  K. Govindan, “Sustainable consumption and production in the food supply 

chain: A conceptual framework,” International Journal of Production 

Economics, vol. 195, pp. 419-431, 2018.  

[23]  U. R. de Oliveira, F. Marins and H. Rocha, “The ISO 31000 standard in 

supply chain risk management,” Journal of Cleaner Production, vol. 151, pp. 

616-633, 2017.  

[24]  S. K. Mangla, P. Kumar and M. K. Barua, “An integrated methodology of 

FTA and fuzzy AHP for risk assessment in green supply chain,” International 

Journal of Operational Research, vol. 25, no. 1, pp. 77-99, 2016.  

[25]  DEFRA, “The Strategy for Sustainable Farming and Food: Facing the 

Future,” DEFRA Publications, London, 2002. 

[26]  L. H. George, “An Alternative to Defining Risk as Uncertainty,” The 

Journal of Risk and Insurance, vol. 34, no. 2, pp. 205-214, 1967.  



16 

[27]  ISO, “ISO/IEC GUIDE 73:2002; Risk management — Vocabulary — 

Guidelines for use in standards,” ISO, 2002. [Online]. Available: 

https://www.iso.org/standard/34998.html. [Accessed 2020]. 

[28]  H. Elleuch, E. Dafaoui, A. Elmhamedi and H. Chabchoub, “Resilience and 

Vulnerability in Supply Chain: Literature review,” IFAC-PapersOnLine, vol. 

49, no. 12, pp. 1448-1453, 2016.  

[29]  D. Gourc, “Vers un modèle général du risque pour le pilotage et la conduite 

des activités de biens et de services : Propositions pour une conduite des 

projets et une gestion des risques intégrées,” Institut National Polytechnique 

de Toulouse, Toulouse, 2006. 

[30]  C. Bode, S. M. Wagner, K. J. Petersen and L. Ellram, “Bode, C., Wagner, 

S.M., Petersen, K.J., Ellram, L.M. (2011) Understanding responses to supply 

chain disruptions: Insights from information processing and resource 

dependence perspectives.,” Academy of Management Journal, vol. 54, no. 4, 

pp. 833-856, 2011.  

[31]  P. Alcantara and G. Riglietti, “Supply Chain Resilience Report 2019. UK: 

Business Continuity Institute (BCI).,” Business Continuity Institute (BCI), 

UK, 2016. 

[32]  D. Ivanov, A. Pavlov, D. Pavlov and B. Sokolov, “Minimization of 

disruption-related return flows in the supply chain,” International Journal of 

Production Economics, vol. 183, pp. 503-513, 2017.  

[33]  K. B. Hendricks and V. R. Singhal, “The effect of supply chain glitches on 

shareholder wealth,” Journal of Operations Management, vol. 21, no. 5, pp. 

501-522, 2003.  

[34]  W. Ho, T. Zheng, H. Yildiz and S. Talluri, “Supply chain risk management: 

A literature review,” International Journal of Production Research, vol. 53, 

no. 16, pp. 5031-5069, 2015.  

[35]  P. Leat and C. Revoredo-Giha, “Risk and resilience in agri-food supply 

chains: the case of the ASDA pork link supply chain in Scotland,” Supply 

chain management: An international journal, vol. 18, no. 2, pp. 219-231, 

2013.  

[36]  S. K. Kumar, M. K. Tiwari and R. F. Babiceanu, “Minimisation of supply 

chain cost with embedded risk using computational intelligence approaches.,” 

International Journal of Production Research, vol. 48, no. 13, pp. 3717-3739, 

2010.  

[37]  G. Zsidisin, “A grounded definition of supply risk,” Journal of Purchasing 

and Supply Management, vol. 9, no. 5-6, pp. 217-224, 2003.  

[38]  D. Kern, R. Moser, E. Hartmann and M. Moder, “(2012) Supply risk 

management: Model development and empirical analysis,” International 

Journal of Physical Distribution and Logistics Management, vol. 42, no. 1, 

pp. 60-82, 2012.  



17 

[39]  W. Xiaoping, “Food supply chain safety risk evaluation based on AHP 

fuzzy integrated evaluation method,” International Journal of Security and its 

Applications, vol. 10, no. 3, pp. 233-244, 2016.  

[40]  D. Nakandala, H. Lau and L. Zhao, “Development of a hybrid fresh food 

supply chain risk assessment model,” International Journal of Production 

Research, vol. 55, no. 14, pp. 4180-4195, 2017.  

[41]  U. Jüttner, H. Peck and M. Christopher, “Supply chain risk management: 

outlining an agenda for future research,” International Journal of Logistics 

Research and Applications, vol. 6, no. 4, pp. 197-210, 2003.  

[42]  I. Manuj and J. T. Mentzer, “Global supply chain risk management 

strategies,” International Journal of Physical Distribution and Logistics 

Management, vol. 38, no. 3, pp. 192-223, 2008.  

[43]  P. Manhart, J. K. Summers and J. Blackhurst, “A meta‐analytic review of 

supply chain risk management: Assessing buffering and bridging strategies 

and firm performance,” Journal of Supply Chain Management, 2020.  

[44]  A. Ghadge, H. Wurtmann and S. Seuring, “Managing climate change risks 

in global supply chains: a review and research agenda,” International Journal 

of Production Research, vol. 23, no. 3, pp. 313-339, 2020.  

[45]  S. Rao and T. J. Goldsby, “Supply chain risks: A review and typology,” The 

International Journal of Logistics Management, vol. 20, no. 1, pp. 97-123, 

2009.  

[46]  R. Tummala and T. Schoenherr, “Assessing and managing risks using the 

Supply Chain Risk Management Process (SCRMP),” Supply Chain 

Management, vol. 16, no. 6, pp. 474-483, 2011.  

[47]  S. Chopra and M. S. Sodhi, “Managing risk to avoid: Supply-chain 

breakdown,” MIT Sloan Management Review, vol. 46, no. 1, 2004.  

[48]  D. Neiger, K. Rotaru and L. Churilov, “Supply chain risk identification with 

value-focused process engineering,” Journal of Operations Management, vol. 

27, no. 2, pp. 154-168, 2009.  

[49]  C. S. Tang, “Perspectives in supply chain risk management,” International 

Journal of Production Economics, vol. 70, no. 3, pp. 455-471, 2006.  

[50]  I. Heckmann, T. Comes and S. Nickel, “A critical review on supply chain 

risk - Definition, measure and modeling,” Omega (United Kingdom), vol. 52, 

pp. 119-132, 2015.  

[51]  D. L. Olson and D. Dash, “A review of enterprise risk management in 

supply chain,” Kybernetes, vol. 39, no. 5, pp. 694-706, 2010.  

[52]  M. Goh, J. Y. Lim and F. Meng, “A stochastic model for risk management 

in global supply chain networks,” European Journal of Operational Research, 

vol. 182, no. 1, pp. 164-173, 2007.  

[53]  S. M. Ali, M. H. Rahman, T. J. Tumpa, A. A. Moghul Rifat and S. K. Paul, 

“Examining price and service competition among retailers in a supply chain 



18 

under potential demand disruption,” Journal of Retailing and Consumer 

Services, vol. 40, pp. 40-47, 2018.  

[54]  K. R. Fitzgerald, “Big savings, but lots of risk,” Supply Chain Management 

Review, vol. 9, no. 9, pp. 16-20, 2005.  

[55]  N. E. Yeboah, Y. Feng, O. S. Daniel and N. B. Joseph, “Agricultural Supply 

Chain Risk Identification- A Case Finding from Ghana,” Journal of 

Management and Strategy, vol. 5, no. 2, p. 31, 2014.  

[56]  S. Jaffee, P. Siegel and C. Andrews, “Agriculture and Rural Development 

Discussion Paper 47 Rapid Agricultural Supply Chain Risk Assessment: A 

Conceptual Framework,” Jaffee, Steven, Paul Siegel, and Colin Andrews. 

"Rapid agricultural supply chain risk assessment: A conceptual framework." 

Agriculture and rural development discussion paper, vol. 47, no. 1, pp. 1-64, 

2010.  

[57]  L. H. Aramyan, A. Lansink, J. van der Vorst and O. van Kooten, 

“Performance measurement in agri-food supply chains: A case study,” Supply 

Chain Management, vol. 12, no. 4, pp. 304-315, 2007.  

[58]  F. T. Chan and H. J. Qi, “An innovative performance measurement method 

for supply chain management,” Supply Chain Management, vol. 8, no. 3, pp. 

209-223, 2003.  

[59]  A. Hosseinian-Far, E. Pimenidis, H. Jahankhani and D. C. Wijeyesekera, 

“A review on sustainaility models,” nternational conference on global 

security, safety, and sustainability, pp. 216-222, 2010.  

[60]  K. M. Taylor and S. Vachon, “Empirical research on sustainable supply 

chains: IJPR’s contribution and research avenues,” International Journal of 

Production Research, vol. 56, no. 1-2, pp. 950-959, 2018.  

[61]  C. R. Carter and D. S. Rogers, “A framework of sustainable supply chain 

management: Moving toward new theory,” International Journal of Physical 

Distribution and Logistics Management, vol. 38, no. 5, pp. 360-387, 2008.  

[62]  H. Jo and H. Na, “Does CSR Reduce Firm Risk? Evidence from 

Controversial Industry Sectors,” Journal of Business Ethics, vol. 110, no. 4, 

pp. 441-456, 2012.  

[63]  S. Prakash, G. Soni, A. Rathore, and S. Singh, “Risk analysis and mitigation 

for perishable food supply chain: a case of dairy industry,” Benchmarking, vol. 

24, no. 1, pp. 2-23, 2017.  

[64]  M. E. Coleman and H. M. Marks, “Qualitative and quantitative risk 

assessment,” Food Control, vol. 10, no. 4-5, pp. 289-297, 1999.  

[65]  T. Ross and J. Sumner, “A simple, spreadsheet-based, food safety risk 

assessment tool,” International Journal of Food Microbiology, vol. 77, no. 1-

2, pp. 39-53, 2002.  

[66]  V. J. Davidson, J. Ryks and A. Fazil, “(2006) Fuzzy risk assessment tool 

for microbial hazards in food systems,” Fuzzy Sets and Systems, vol. 157, no. 

9, pp. 1201-1210, 2006.  



19 

[67]  B. Gaudenzi and A. Borghesi, “Managing risks in the supply chain using 

the AHP method,” The International Journal of Logistics Management, vol. 

17, no. 1, pp. 114-136, 2006.  

[68]  W. Chang, A. E. Ellinger and J. Blackhurst, “A contextual approach to 

supply chain risk mitigation,” International Journal of Logistics Management, 

vol. 26, no. 3, pp. 642-656, 2015.  

[69]  A. Ghadge, S. Dani and R. Kalawsky, “Supply chain risk management: 

Present and future scope,” The International Journal of Logistics 

Management, vol. 23, no. 3, pp. 313-339, 2012.  

[70]  S. hossein Nikou and H. Selamat, “Risk management capability within 

Malaysian food supply chains,” Int. J. Agric. Econ. Dev., vol. 1, no. 1, pp. 37-

54, 2013.  

[71]  L. Manning and J. M. Soon, “Building strategic resilience in the food 

supply chain,” British Food Journal, vol. 118, no. 6, p. 1477–1493, 2016.  

[72]  A. Fearne, S. Hornibrook and S. Dedman, “The management of perceived 

risk in the food supply chain: A comparative study of retailer-led beef quality 

assurance schemes in Germany and Italy,” International Food and 

Agribusiness Management Review, vol. 4, no. 1, pp. 19-36, 2001.  

[73]  S. K. Srivastava, A. Chaudhuri and R. K. Srivastava, “Propagation of risks 

and their impact on performance in fresh food retail,” International Journal of 

Logistics Management, vol. 26, no. 3, p. 568–602, 2015.  

[74]  M. J. Ding, F. Jie, K. A. Parton and M. J. Matanda, “Relationships between 

quality of information sharing and supply chain food quality in theAustralian 

beef processing industry,” International Journal of Logistics Management, 

vol. 25, no. 1, p. 85–108, 2014.  

[75]  A. Chaudhuri, S. K. Srivastava and R. K. Srivastava, “Risk propagation and 

its impact on performance in food processing supply chain: A fuzzy 

interpretive structural modeling based approach,” Journal of Modelling in 

Management, vol. 11, no. 2, pp. 660-693, 2016.  

[76]  S. Dani and A. Deep, “Fragile food supply chains: Reacting to risks,” 

International Journal of Logistics Research and Applications, vol. 13, no. 5, 

p. 395–410, 2010.  

[77]  X. Wang, H. K. Chan, R. Yee and I. Diaz-Rainey, “A two-stage fuzzy-AHP 

model for risk assessment of implementing green initiatives in the fashion 

supply chain,” International Journal of Production Economics, vol. 135, no. 

2, p. 595–606, 2012.  

[78]  R. Puertas, L. Marti and J. Garcia-Alvarez-Coque, “Food Supply without 

Risk: Multicriteria Analysis of Institutional Conditions of Exporters,” 

International Journal of Environmental Research and Public Health, vol. 17, 

no. 10, p. 3432, 2020.  

[79]  S. Mithun Ali, M. A. Moktadir, G. Kabir, J. Chakma, M. Rumi and M. T. 

Islam, “Framework for evaluating risks in food supply chain: Implications in 



20 

food wastage reduction.,” Journal of Cleaner Production, vol. 228, p. 786–

800, 2019.  

[80]  G. Behzadi, M. J. O’Sullivan, T. L. Olsen and A. Zhang, “Agribusiness 

supply chain risk management: A review of quantitative decision models,” 

Omega (United Kingdom), vol. 79, pp. 21-42, 2018.  

[81]  C. Song and J. Zhuang, “Modeling a Government-Manufacturer-Farmer 

game for food supply chain risk management.,” Food Control, vol. 78, p. 443–

455, 2017.  

[82]  Q. Dong and O. Cooper`, “An orders-of-magnitude AHP supply chain risk 

assessment framework,” International Journal of Production Economics, vol. 

182, p. 144–156, 2016.  

[83]  Q. Sun and Y. Tang, “The Literature Review of Food Supply Chain Risk 

Assessment,” International Journal of Business and Social Science, vol. 5, no. 

5, p. 198–202, 2014.  

[84]  X. Cai, J. Chen, Y. Xiao, X. Xu and G. Yu, “Fresh-product supply chain 

management with logistics outsourcing,” Omega (United Kingdom), vol. 41, 

no. 4, p. 752–765, 2013.  

[85]  A. Diabat, K. Govindan and V. V. Panicker, “Supply chain risk 

management and its mitigation in a food industry,” International Journal of 

Production Research, vol. 50, no. 11, p. 3039–3050, 2012.  

[86]  V. Sanchez-Rodrigues, A. Potter and M. M. Naim, “Evaluating the causes 

of uncertainty in logistics operations,” International Journal of Logistics 

Management, vol. 21, no. 1, pp. 45-64, 2010.  

[87]  M. Liu and H. Fan, “Food supply chain risk assessment based on the theory 

of system dynamics,” 2nd International Conference on Artificial Intelligence, 

Management Science and Electronic Commerce, AIMSEC 2011 - 

Proceedings, p. 5035–5037, 2011.  

[88]  R. Joshi, D. K. Banwet and R. Shankar, “Indian cold chain: Modeling the 

inhibitors.,” British Food Journal, vol. 111, no. 11, p. 1260–1283, 2009.  

[89]  T. Wu, J. Blackhurst and V. Chidambaram, “A model for inbound supply 

risk analysis,” Computers in Industry, vol. 57, no. 4, p. 350–365, 2006.  

[90]  S. J. Allen and E. W. Schuster, “Controlling the risk for an agricultural 

harvest,” Manufacturing and Service Operations Management, vol. 6, no. 3, 

p. 225–236, 2004.  

[91]  A. K. Dogru and B. B. Keskin, “AI in operations management: applications, 

challenges and opportunities,” Journal of Data, Information and Management, 

pp. 1-8, 2020.  

[92]  M. Farsi, A. Daneshkhah, A. Hosseinian-Far, O. Chatrabgoun and R. 

Montasari, “Crime data mining, threat analysis and prediction,” in Cyber 

Criminology, London, Springer, Cham., 2018, pp. 183-202. 



21 

[93]  M. Mohri, A. Rostamizadeh and A. Talwalkar, Foundations of machine 

learning. Second ed. Adaptive computation and machine learning. 

Massachusetts: The MIT Press., 2 ed., MIT Press, 2018.  

[94]  J. Cruz and D. Wishart, “Applications of Machine Learning in Cancer 

Prediction and Prognosis,” Cancer Informatics, vol. 2, pp. 59-77, 2006.  

[95]  D. Lo, F. Wu, M. Chan, R. Chu and D. Li, “A systematic review of burnout 

among doctors in China: A cultural perspective,” Asia Pacific Family 

Medicine, vol. 17, no. 3, p. 1–13, 2018.  

[96]  M. Esmaeilbeigi, O. Chatrabgoun, A. Hosseinian-Far, R. Montasari and A. 

Daneshkhah, “A low cost and highly accurate technique for big data spatial-

temporal interpolation,” Applied Numerical Mathematics, vol. 153, pp. 492-

502, 2020.  

[97]  O. Chatrabgoun, A. Hosseinian-Far and A. Daneshkhah, “Constructing 

gene regulatory networks from microarray data using non-Gaussian pair-

copula Bayesian networks,” Journal of Bioinformatics and Computational 

Biology, p. 2050023, 2020.  

 
 


