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Abstract

:

The supply chain risk management (SCRM) is very critical to strategically support the firms to continuous success. There are, at least, three basic steps in this SCRM process: risk identification, risk evaluation, and risk mitigation (treatment). Whatever happens, the main step is risk mitigation (RM) and mainly sustainable RM. In fact, every risk must be eliminated or controlled as much as possible. The purpose of this paper is to elaborate and evaluate various RM scenarios from an initial risk identification and prioritization solution. The proposed scenario modeling technique is based on morphological analysis (MA) as an explorative scenario tool for RM. MA is used to develop a framework to proactively assess critical risk variables. Firstly, MA is employed to exhaustively create possible RM scenarios and, secondly, to assess the likelihood of each scenario. The proposed approach addresses the need for a basic rubric to help identify and choose RM approaches. A real case study is provided from the food industry to illustrate the application of the proposed approach. To handle all possible MA strategies, a dedicated MORPHOL software package is used. In addition, RM strategies are selected based on sustainability indicators. The case study results prove that MA has a considerable value for SCRM. It shows that firms can adopt multiple robust strategies in the form of a scenario describing all stages of SCRM in an integrated representation.
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1. Introduction


The risks associated with supply chain management (SCM) have created a discourse among practitioners and academics [1,2]. In fact, supply chains (SC) are becoming more complex and vulnerable. The main research question issue in SCM is still about how to mitigate supply chain risks [3].



In the literature, there are many risk mitigation (RM) scenarios as mentioned in [4,5]. So far, research has proposed several separate RM strategies based on the types of risk in supply chain risk management (SCRM), but few strategies for the entire SCRM process of an integrated network. This can be explained by the large number of both risk variables and their associated reduction strategies. Thus, the process by which conclusions are drawn from such studies is often difficult to trace. The performance of the supply chain can be affected by many events entering the system and affecting all exchanges of products, services, and information between actors in a supply chain network. SCRM is defined, in a collaborative way with partners, as a set of tools for dealing with risk and uncertainty caused by, or having an impact on, the activities and logistical resources. Essentially, a robust and established supply chain strategy would allow a firm to implement associated contingency plans efficiently and effectively when faced with a disruption. Therefore, having a robust supply chain strategy could make a company more resilient.



In recent years, many researchers have linked sustainability and SCRM in the common area named Sustainable Supply Chain Risk Management (SSCRM) [2,6,7,8]. In fact, the development of sustainable RM strategies is a complex task that requires expert knowledge and many years of practical experience in a wide range of disciplines. It also requires a scenario planning methodology that can organize this knowledge through a participatory dialogue process. In fact, scenario planning stimulates strategic thinking and helps to overcome thinking limitations by creating multiple futures [9]. Though, in the literature, there are various scenario modeling techniques, morphological analysis (MA) is the most used explorative tool [10,11]. Developed for scenario modeling in defense planning and used by researchers in the field of future studies and technological forecasting, MA can be used to visualize elements and dimensions to develop raw scenarios for the future [10]. The purpose of a MA is to identify and structure all possible aspects and solutions in situations where the problem space is complex and non-reducible [11]. MA is characterized by structuring a system into independent partial systems and quickly finding answers by combining the different solutions of these subsystems [12]. However, the MA is a method to structure a problem rather than solve it [13].



The process of SCRM contains mainly three phases: identification, evaluation (assimilated to an aggregated view of the stages of analysis and evaluation), and mitigation (assimilated to phase treatment). The above literature review concerns only the risk mitigation phase. The objective of this step is to protect proactively against risks through the application of appropriate scenarios. However, once risks are isolated and quantified, it is a question of establishing a plan for prevention and improvement of protections for the entire supply chain. The smartest supply chain recognizes risk as a systemic issue. These impact reduction strategies take advantage of the millions of smart objects that can impart threats to them. It also works with supply chain partners for joint strategies and tactics to reduce impacts. On the other hand, if problems arise, it takes advantage of real-time connectivity that extends to the expanded supply chain to respond in a fast and coordinated manner. We can conclude that the biggest advantage of a smarter supply chain is its ability to model and simulate the risks for the entire network.



Aqlan and Lam [14] proposed a methodology based on Bow-Tie analysis to quantify and mitigate supply chain risks. Their proposed methodology takes into account the interconnections of risks and identifies the best combination of RM strategies under budget constraints. Chang et al. [15] proposed a framework that uses probability and severity as contextual variables and redundancy and flexibility as primary RM strategies in supply chain RM strategies. Their research draws upon the theoretical foundations of contingency theory to propose a framework that aligns well-established aspects of SCRM to present a rubric for matching primary supply chain risk mitigation strategies with particular risk contexts. Tarei et al. [16] explored the relationship between various risk management strategies and risk management practices to design and therefore implement a suitable supply chain (SC) plan. Zhang et al. [17] proposed the application of the system dynamics method to simulate changes in inventory level, order accumulation, and profit level caused by disruption of supply, production, and sales of different node companies. Based on their results, corresponding RM strategies for enterprises to cope with different node interruptions are proposed to improve the overall efficiency and operational capabilities of the enterprise. Hsu et al. [18] developed an integrated approach based on the quality function deployment approach to define some RM strategies. Based on resilience capabilities and resilience-enhancing characteristics, they proposed a useful approach for the development of resilient and sustainable supply chains.



Based on the above literature review, which is related to risk mitigation in SCRM, it can be concluded that there was a series of research on RM strategies, but generally they did not go beyond the risk assessment stage and even the risk mitigation strategies were arbitrary and personal. This can be explained by the large number of risk variables and their interrelation complexity and the lack of coordination between experts in the field to find appropriate solutions as well as conflicts and divergences of objectives between the SC actors involved.



Moreover, the use of MA in risk management is a very recent research area. Ritchey [19] developed a prototype multi-hazard disaster reduction model. The model, developed with computer-aided morphological analysis, makes it possible to identify and compare risk reduction strategies and preparedness and mitigation measures for different types of hazards. Using the same prototype, Fernandez et al. [20] present how the prototype can be applied in the case of planning for earthquake disaster risk management. The influence of other hazards, when combined with planning for earthquake disaster risk management, is also examined. Jimenez et al. [21] apply MA to develop a framework to proactively assess the risk of a terrorist attack on the air transport system. MA is employed, firstly, to exhaustively create possible attack scenarios. Secondly, MA is used to assess the likelihood of each scenario. Akgun [22] proposes a novel intelligent technique called evidence-based MA model, which is based on the Dempster–Shafer theory of evidence and MA methodology to quantify the likelihood of intentional events as threats by identifying the number of intentional events, such as homeland and cyber security events. Lantada et al. [23] propose a methodology to support the decision-making process in the reduction of an urban area. It is based on an MA which involves firstly the results of a holistic evaluation of the disaster risk due to natural hazards and, secondly, 35 strategies to reduce the physical risk and the aggravating social conditions of the urban area. Johannessen [24] applies MA to future risk scenarios for the Northern Sea Route (in Norway), which is an area prone to wicked problems. Wicked problems are problems that are not predefined, nor do they have a single solution. They are problems that exist because of the opinions and desires of the stakeholders in the complex problem.



Based on the above literature review, which is related to the use of MA in risk management, it can be concluded that there is no research yet that has used MA in the SCRM area. Our idea is based on taking advantage of its advantages. In fact, MA enables practitioners and researchers to structure their thinking and create a common terminology and modeling framework and to visualize the whole problem (risk sources, risk variables, risk mitigation strategies) in the same graph (scenarios table), as well as identifying the different scenarios created enclosing all areas of intervention for assessing risks, to present a new approach formulating the scenarios of RM strategies in the extended SCRM. The aim of this paper is to elaborate and evaluate various RM scenarios using the MA-based approach as an exploratory RM scenario tool. MA is used to develop a framework to proactively assess critical risk variables. Firstly, MA is employed to exhaustively create possible RM scenarios and, secondly, to assess the likelihood of each scenario. Finally, to validate the proposed approach, a real case study is considered.




2. Materials and Methods


2.1. The Morphological Analysis Approach


Modeling complex social, organizational, and political problems with traditional quantitative methods, mathematical (functional) modeling, and simulation are relatively useless. First of all, the uncertainties within such complex problems are in principle non- reducible, and often cannot be fully described or delineated. Secondly, many of the factors involved are not meaningfully quantifiable, since they contain strong social, political, and cognitive dimensions. Finally, most marginal factors can, under the right historical circumstances, become a dominating force of change because of the extreme non-linearity of social systems.



In this context, morphological analysis (MA) was developed in the 1940s and 1950s; Fritz Zwicky, Caltech astrophysicist, generalized the ”morphological approach” as a method for structuring and analyzing any type of complex multidimensional, essentially non-quantified problem [25]. In the literature, there are many applications of MA in the management and engineering area. Recently, Jimenez et al. [21] presented some applications of MA in systems engineering. Álvarez and Ritchey [26] review MA applications from engineering design to policy analysis.



In summary, MA is based on teamwork. A group of subject matter specialists can have vastly difference experiences, perspectives, and terminologies. These differences can make it difficult for them to agree on their objectives. MA has definite advantages for group discussions and modeling work. It enables practitioners and researchers to structure their thinking and create a common terminology and modeling framework. A morphological field is used as a design knowledge representation space and can be also used for various applications.



There are multiple advantages to the MA, such as it being a structured and transparent process, the identification of the entire solution space rather than focusing on a few scenarios, and the possibility to define solutions beyond those that are most likely and mainstream [8]. However, the full analysis is very resource consuming and can be claimed to rest on judgmental evaluations, though this is exactly what can be avoided through a well-structured process. The steps of the analysis are described in Figure 1.



	-

	
First step: the problem to be solved must be very well formulated.




	-

	
Second step: all parameters that might be of importance for the solution of the given problem must be localized and analyzed.




	-

	
Third step: the morphological box or multidimensional matrix is constructed, which contains all potential solutions of the given problem.




	-

	
Fourth step: all of the solutions contained in the morphological box are closely scrutinized and evaluated with respect to the purposes to be achieved.




	-

	
Fifth step: optimal suitable solutions are selected and applied practically, provided that the necessary means are available. This reduction to practice requires, in general, a supplemental morphological study.







The MA is based on two beams: the morphological field and the cross-consistency matrix.



2.1.1. The Morphological Field


The morphological field is based on the principle of decomposition of the system into components (subsystems) as independent as possible and representative of the totality of the system. The combinations of the components with the different possible configurations constitute the field of possible futures, which is called a ”morphological space". Each combination is a scenario. We will call the “morphological space” the space of possible solutions. Figure 2 gives the structure of the morphological field.



The method begins by identifying and defining the most important parameters of a complex problem to be studied and by assigning to each parameter a range of relevant values or conditions. A morphological field is constructed by defining the parameters against each other in order to create an n-dimensional configuration space. A particular configuration in this space contains a “value” of each of the parameters, and thus marks a particular state or a possible formal solution of the problem.



The purpose is to examine all the configurations of the system in order to establish which of them are possible, viable, practical, interesting, and which are not. To do this, we mark a space with a relevant solution. The solution space of a Zwick morphological field consists of the subset of all possible configurations that satisfy certain criteria. It is called a “space” or alternative or a “scenario”. The main criterion is internal consistency.



In the following example, at least 320 scenarios are possible 4 × 5 × 4 × 4 = 320.



The next step in the analysis process is to examine the internal relationships between field parameters and to “reduce” the field by removing configurations that contain mutually contradictory conditions. In this way, we create a preliminary result or a solution space of the morphological field. This can be done by “the cross-consistency matrix”.




2.1.2. The Cross-Consistency Matrix


The cross-consistency matrix is a pairwise comparison matrix that serves to capture relational information among element alternatives and identifies impossible combinations. In turn, the total combinatorial space of possible system alternatives is reduced to a smaller subset featuring only those that are realizable or internally consistent.



In order to run the MORPHOL method, two main inputs, collected in two matrices, are needed: variables of the system, hypothesis related on each variable (probabilities of appearance of the hypothesis are a choice).





2.2. Evaluate Strategic Choices and Options


Although the risk management literature has proposed a variety of tools and techniques to assess and manage supply chain risks, a comprehensive assessment of the effectiveness of alternative RM strategies is rarely discussed. Such assessment will help managers choose the mitigation strategy for better decision-making.



Recent research defines a robust risk reduction strategy as one that ensures the sustainable development of business operations. Seuring et al. [27] emphasize that: “a strategy that is not sustainable is not a risk reduction strategy.” They add that to be sustainable the SCRM must consider the objectives related to the three dimensions of sustainability: social, environmental, and economic. Sustainable development has been the subject of several recent in-depth studies.



Sustainability can be thought of as “the degree to which current decisions of organizations impact the future state of the natural environment, societies, and the viability of businesses” [28]. With this broad definition, sustainable strategies should consider the future level of uncertainty and therefore the risks that decisions can impose on natural and social environments, in addition to the investment costs required to make supply chains more sustainable.



The literature shows a variety of approaches and methods to demonstrate this problem. Wenyan et al. [29] proposed a method called DEMATEL, which can be an effective tool to identify critical issues in sustainable supply chain management and relationships between different risk factors. The results obtained by Harclerode et al. [30] encourage the consideration of sustainability and risk management concepts at all stages of the life cycle to achieve a sustainable result.



However, the notion that sustainability and supply chain sustainability and risk should be considered collectively is not widely recognized. The interactions are always interesting. Exploring the interactions between supply chain risk and supply chain sustainability is instructive. Some studies explicitly examine the relationship between sustainability and risk, as examples [29,30,31,32,33].



There are three different approaches to explaining the relationship between these two concepts in the literature. “Businesses can increase their sustainability by effectively managing inherent risks” [33]. Risk management can be seen as a tool for creating sustainable SCs. Furthermore, “by incorporating sustainability into risk management systems, companies examine a wider range of concepts and can increase the effectiveness of their risk management process” [34]. In addition, sustainable efforts can create a new category of risk: sustainability risk [35]. A survey planning and developing the best risk reduction strategies based on the criteria of sustainable development within organizations and describing the risk/sustainability interactions for them would be extremely interesting.




2.3. Case Study


The supply network under study is inspired by the literature [36,37]. It concerns the Masmoudi company, one of the leading producers of pastry products in Tunisia. The company manufactures and distributes many products which mix almond, pistachios, and pine nuts, with the benefits of olive oil. Masmoudi is famous for the quality and nobility of the components used in the manufacturing of its cakes, and so took advantage of its location in Sfax, the city famous for the specificities of its olive trees, almond trees, and pistachio trees.



The manufacturer obtains the required raw materials from around seven suppliers. The packaged food product manufactured is distributed through a wholesaler in and around the state through a network of two main distributors. The product reaches the customer with the help of ten retailers. An overview of Masmoudi’s supply chain is shown in Figure 3.



For the same case study, Hachicha and Elmsalmi [36] have identified eight main critical risk variables as follows:




	
Retailer order partially delivered;



	
Delayed delivery to retailer;



	
Inventory and stock failure;



	
Productivity and quality failure;



	
Error in forecasting;



	
Craft and manual production;



	
Seasonal production;



	
Poor harvest.








Moreover, Elmsalmi and Hachicha [37] have identified (Table 1) the list of the actors involved in the supply chain network and the list of their objectives.





3. Results


Based on a review of the literature and discussion with four experts in the field, possible RM strategies are studied and identified for the Masmoudi company. The input data for all the matrix are based on the Delphi method. To apply the proposed approach and to handle all possible MA strategies, a dedicated MORPHOL software package is used. Finally, RM strategies are selected based on sustainability indicators.



3.1. Selection of Possible Risk Mitigation Strategies


The first step is to determine possible strategies. In the literature, many researchers [4,38] have proposed various RM strategies as follows:




	
Postponement: Using product or process design concepts to delay the point of product differentiation;



	
Strategic stock: Companies should have additional stock inventories of certain critical components to ensure the continuity of its functions when facing a supply disruption;



	
Flexible supply base: This enables a firm to handle regular demand fluctuations and to maintain continuous supply materials;



	
Make and buy: Companies should produce their items in-house and outsource other basic items to their suppliers. This allows firms to shift production quickly;



	
Economic supply incentives: To gain the flexibility to change production between suppliers, the buyer can provide certain economic incentives to cultivate additional suppliers. As such, the company can share some financial risks with the supplier;



	
Flexible transportation: There are three basic approaches explaining this.




	-

	
Multimodal transportation: Some companies use a flexible logistics strategy that relies on multiple modes of transportation to prevent supply chain operations from coming to a halt when disruptions occur in the ocean, in the air, on the road, etc.;




	-

	
Multi-carrier transportation: Various companies have formed an alliance that will enable them to switch carriers quickly in the event of political disruptions to ensure continuous flow of materials in the case of political disruptions (landing rights, labor strikes, etc.). This alliance provides low-cost global deliveries;




	-

	
Multiple routes: Various companies are considering alternative routes to ensure smooth material flows along supply chains. So, it avoids a complete shutdown.









	
Revenue management via dynamic pricing and promotion: This can be an effective way to manage demand when the supply of a particular product is disrupted. Specifically, a retailer can use pricing mechanisms to entice customers to choose products that are widely available;



	
Dynamic assortment: Enables a firm to influence the demands of different products quickly and increases control of product demand;



	
Silent Product Rollover: Substitutable products are very desirable for handling demand fluctuations in both normal circumstances and in a supply disruption.








Therefore, companies should take into account:




	-

	
Sharing both risks and rewards between members of the supply chain;




	-

	
The need for a high degree of interdependence along the supply chain;




	-

	
Supply chain partnerships: Moving from open-market negotiations, to cooperation, to coordination and finally to collaboration. In addition to having the buyers develop flexible supply bases, suppliers (contract manufacturers, airline cargo companies, trucking companies, logistics providers) can proactively form strategic alliances with other suppliers in different countries. These partnerships can serve as a ”safety net” for each member, who will receive help from other members if a disturbance strikes;




	-

	
Trust among actors, developed through effective communication, creates resources that lead to a competitive advantage and contribute significantly to the long-term stability of an organization and its supply chain;




	-

	
Use RFID tags: Some retailers are pushing for auto-ID technology, such as radio frequency identification technology (RFID), to improve supply chain visibility. It can also help the supply chain reduce shrinkage, misplacement, and transaction errors.










3.2. Constructing the Multidimensional Matrix (Table of Scenarios)


The second step is about the construction of the multidimensional matrix. In Table 2, “dimensions” of the system are associated with key risk variables of the supply chain. Configurations are actors affected, risk reduction strategies, risk mitigation measures, and adequate preparedness measures. One possible scenario is the combination between one “dimensions” and one or more “configurations”.



The multidimensional matrix allows one to visualize the whole problem (key risk variable, actors concerned, risk reduction strategies, adequate mitigation measures, and adequate preparedness measures) in the same graph, as well as to identify the different scenarios created.




3.3. Cross-Consistency Assessment


The multi-dimensional matrix (Table 2) represents the entire morphological field of the system, which is 8 × 8 × 5 × 8 × 8 = 20480 unique configurations. The cross-consistency assessment (Table 3) involves a thorough examination of each pair in the matrix. Here, the number of pairs is 8 × 29 + 8 × 21 + 5 × 16 + 8 × 8= 544. The results of the cross-consistency assessment are presented in Table 3. Cells with an “*” indicate an inconsistent value pair. The open cells indicate that the relevant value is considered to be consistent.



Hence, as it was clarified in the theoretical part, “a scenario is not an end in itself but it only makes sense through its results and its consequences for action”. As consequences, three cases arise in our case:




	-

	
Presence of a single risk with a single RM strategy;




	-

	
Presence of a single risk with several RM strategies (the actors are in conflict over the choice of the appropriate RM strategy);




	-

	
Presence of several risks (more than two) (the actors choose several RM strategies).









The choice between the RM strategies in the last two cases is the most frequent and follows the same approach as proposed. At this stage, evaluation of the impact of the strategies in relation to the robustness of the strategic options for each strategy (using the appropriate criteria) is needed.



Figure 4 compares two different risks: late delivery and forecast error. Green represents common configurations (actor concerned, risk reduction strategies, risk mitigation measures, and adequate preparedness measures). Yellow represents configurations for “late delivery” only, and blue represents configurations for risk of “predicted error”.



From this presentation given in Figure 4, managers can choose not only adequate risk reduction strategies, but also adequate mitigation measures and adequate preparedness measures for each risk variable. Then, they can elaborate the final scenario RM strategies of all risk variables of the system.



Let us take the example of the risk “late delivery” and “forecast error”. Most of the actors are concerned and have agreed on risk reduction strategies: Prevent the risk itself and to reduce indirect risks related. They converge on the use of the “information system” as adequate mitigation measures. Then, for the risk "forecast error", more investment must be made in traceability tools (ERP, EDL, communication and information sharing with the supplier). For “late delivery”, the experts require that the best preparedness measure is to have flexible transport. Three approaches can be applied to transport:




	-

	
Multimodal transport. There are companies that use a flexible logistics strategy that links between several modes of transport to prevent risks in the oceans, on roads, or in the air;




	-

	
Multicarrier transport to ensure the continuity of material flows in the event of a political risk (e.g., work strikes, etc.);




	-

	
Multi-route transport. Various companies are considering alternative routes to ensure the flow of material flows along the supply chain.









Using the model in this way also allows them to compare different spaces of RM strategies to determine whether the measures for one or more risk variables are in conflict with those for other risk variables. Taking a variable “all risks” is useful to examine which configurations might be applicable to a specified risk variable combined with other risk variables. To do this, it is necessary to evaluate the identified strategies.





4. Discussion


According to the literature, a survey planning and developing the best risk reduction strategies based on the criteria of sustainable development within organizations and describing the risk/sustainability connections for them would be amazingly fascinating. The Masmoudi experts agree to take sustainable criteria for the evaluation of risk mitigation strategies.



The first step comprises the allocation of coefficients to each measure by the actors involved according to the criteria of environmental, economic, and social sustainable development. Their preferences are expressed through different weights assigned to the criteria (Table 4). This selected example research presents policies for both the "retailer" and "distributor” for the risk “late delivery to the retailer”.



The “information system” risk mitigation measure has the highest average in both the retailer’s ranking and the distributor’s ranking (Table 5). Therefore, this is the most suitable strategy for those actors to this risk.



In fact, since there are two different opinions about a single risk or more than one, we still have to choose the priority strategy or measure. Here, the study of the divergences and convergences of the actors seems to be useful for us. So, the strength of the actor is much or less important than that of the other ones. We should therefore reconcile the strategy chosen by the actor how the higher influencing power.



This work enables practitioners and researchers to structure their thinking and create a common terminology and modeling framework. Integration of strategic option evaluation is proposed, based on quantifying the impact assessment of strategies against a hierarchy of organizational objectives for each scenario and making a selection based on the robustness of the strategic options for each scenario using the appropriate criteria. The aim is to examine all the risk mitigation strategies, in order to establish which of them are viable, feasible, suitable, and acceptable and which are not.



Without some form of traceability, we have little possibility of scientific control over the results, let alone reproducibility. Most of the literature works are related to a specific area of intervention and not to the entire logistics process. Thus, the interactions between its links are not considered. Most of the risk reduction methods were limited to the likelihood of the risk occurring while the biggest problems are because of unforeseen disasters, whose probability of occurrence is negligible. That prompted us to think about ‘MA’, which consists of building the future rather than predicting it.



Although simple, MA methods must be well studied to apply them and require a good understanding and knowledge from experts, who will be the basis of all the data. These tools should never be used for itself but only as needed and considering the problem posed, the time constraints, and the resources available.



Its interest is directed towards:




	-

	
Collective reflections which often prove to be very difficult in the absence of a common language and working method;




	-

	
The counterintuitive aspects of the behavior of a system. It is not intended to accurately describe how the system works or to remove risks, but the point is to identify the main organizational elements of the system and prepare for the risks and challenges;




	-

	
The design of a useful model for studying complex, unquantified problems that cannot be addressed by causal modeling, simulation and mathematical methods;




	-

	
“Cross-consistency assessment (CCA),” which is an effective way to iron out vague concepts, referencing terminological differences, and assessing their internal consistency;




	-

	
Creation of an audit trail by the traceability of the formulation and structure process going from the initial formulation of the problem to specific solutions or conclusions of these problems, as well by the documentation of each concept and each evaluation of cross-consistency in a model.









For SCRM, in addition to the specified advantages, MA has enabled us to:




	-

	
Summarize all the components of the logistics chain: the key risk variables, the actors involved, risks mitigation measures, and adequate preparedness measures, for better decision-making;




	-

	
Choose the most appropriate strategies. Managers can then develop strategy scenarios to mitigate the risk variables of the system;




	-

	
Compare different areas of “risk mitigation strategies” to determine whether a strategy of one risk variable conflicts with those of other risk variables.









However, there are two limits to this approach. First, the forward-looking strategy is based on the opinions of experts, which can be subjective. Whether in the choice of variables or in the filling of matrices. Second, the results of the analysis are often tables and figures, which should be read well and interpreted as a verbal description.



For better SCRM, organizations will increasingly need to inform their actions in light of potential risks and desirable futures. This paper presents the application of MA in SCRM to develop risk mitigation strategies. To validate the efficacity of the proposed approach, a real case study of Massoudi company is fully studied. It is a specific case study application and it is not possible to make comparisons with the results of other studies. The main thing is the satisfaction of the company managers and how they make the results useful. In fact, they now have a dashboard which can help them for risk mitigation and monitoring.




5. Conclusions


The purpose of this paper is to elaborate and evaluate various risk mitigation (RM) scenarios from an initial risk identification and prioritization solution. The proposed scenario modeling technique is based on morphological analysis (MA) as an explorative scenario tool for RM. MA is used to develop a framework to proactively assess critical risk variables. Firstly, MA is employed to exhaustively create possible RM scenarios and, secondly, to assess the likelihood of each scenario. The proposed approach addresses the need for a basic rubric to help them identify and choose RM approaches.



MA has considerable value for supply chain risk management (SCRM). It represents a proof-of-principle, since it makes it possible to compare adequate risk reduction strategies for different risk variables and their associated sources. It also shows that firms can adopt multiple robust strategies in the form of scenario, but how should one measure the effectiveness of a robust scenario of risk reduction strategies? What are the underlying conditions or criteria for one robust scenario that dominates another?



The methodology proposed in this study is easy to adapt to different areas of SC and to any risk variable. The results obtained from this methodology could be applied by decision makers and administrators as a guide to implement effective risk mitigation strategies. However, studying some risk dimensions at the supply chain level faces two main problems that include the following: The correlation of the identified dimension, even when they are related to different categories, and the relevance of the proposed MA application at the analyzed perimeter.



This research has many perspectives. The first one is about the extension of the proposed approach with the probability analysis (Smic Prob-Expert method) developed by concentrating on combinations. The second perspective concerns the applications of a multicriteria decision analysis to choose the best risk mitigation strategy for each identified risk variable and then elaborate an efficient SCRM to the Masmoudi. The third perspective should give more extensive testing on different problems to support the proposed approach application in SCRM. Details and others real benefits of the proposed approach into real-life case study will be presented in our subsequent publications.



Another perspective is the use of the Matrix of Alliances and Conflicts: Tactics, Objectives and Recommendations (MACTOR) method to consider the balance of power of the actors, which can change their positions and implications according to their strategic objectives and so influence the choice of adequate mitigation strategies and reduction measures.
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Figure 1. The flowchart of the MA. 
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Figure 2. Morphological field. 
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Figure 3. Overview of the Masmoudi supply chain network. 
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Figure 4. Example of comparison between late delivery and forecast error morphologies. 
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Table 1. List of the identified actors and their associated objectives.
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	Actors
	Objectives





	Consumer
	Ensure the planning of deliveries



	Retailer
	Ensure the safety sanitary of products



	Manufacturer
	Ensure the availability of stocks of finished products



	Suppliers
	Assure an effective communication



	Wholesaler
	Ensure the good quality of raw materials



	Distributor
	Maintain the quality of finished products



	Farmer
	Ensure the availability of stock of raw materials



	State
	Establish suitable standards and laws and impose quality labels
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Table 2. Multidimensional matrix/scenario of multikey risk reduction strategy field.
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	Key Risk Variable
	Actor Concerned
	Risk Reduction Strategies
	Adequate Mitigation Measures
	Adequate Preparedness Measures





	Late delivery
	Consumer
	Prevent the risk itself
	Postponement
	Flexible transport (multi-road/multi-modal transport/multi-transporters)



	Partially delivered order
	Retailer
	Reduce severity of the risk
	Strategic stock
	Outsourcing



	Out of stock products
	Manufacturer
	Reduce consequences
	Flexible supply base
	Reducing production sites



	Production quality problems
	Supplier
	Reduce indirect risks related
	Economic supply incentives
	Planning and coordinate offer



	Craft and manual production
	Wholesaler
	Risk transfer
	Revenue management via dynamic pricing and promotion
	Imposing quality labels to finished products



	Forecast error
	Distributor
	
	Assortment planning
	Forecasting, ERP, EDI, communication and sharing of information with the supplier



	Seasonal production
	Farmer
	
	Information system
	Have contingency plans (row material storage)



	Poor harvest
	State
	
	Traceability
	Support participative management style
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Table 3. Cross-consistency matrix.
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Key Risk Variable

	
Concerned Actor 1

	
Risk Reduction Strategies

	
Adequate Mitigation Measures

	
Adequate Preparedness Measures






	

	
1 Late delivery

	
2 Partially delivered order

	
3 Out of stock products

	
4 Production quality problems

	
5 Craft and manual production

	
6 Forecast error

	
7 Seasonal productions

	
8 Poor harvest

	
9 Retailer

	
10 Manufacturer

	
11 wholesalers

	
12 Supplier

	
13 Prevent the risk itself

	
14 Reduce severity of the risk

	
15 Reduce consequences

	
16 Reduce indirect risks related

	
17 Risk transfer

	
18 Postponement

	
19 Strategic stocks

	
20 Flexible supply bases

	
21 Economic supply incentives

	
22 Revenue management via dynamic pricing and promotion

	
23 Assortment planning

	
24 Information system

	
25 Traceability

	
26 Flexible transport (multi-road/multi-modal transport/multi-transporters)

	
27 Outsourcing

	
28 Reducing production sites

	
29 Planning and coordinate offer

	
30 Imposing quality labels

	
31 Forecasting, ERP, EDI, communication

	
32 Have contingency plans

	
33 Support participative management style
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1 To simplify this table, examples of concerned actors are mentioned. * The presence of a star indicates that a relation exists.
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Table 4. Sets of criterion weights expressing the preferences of the two actors.
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	Env. Criteria
	Eco. Criteria
	Social. Criteria
	Total





	Retailer
	3
	3
	4
	10



	Distributor
	2
	5
	3
	10
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Table 5. Retailer and distributor policy.






Table 5. Retailer and distributor policy.





	

	

	
Env. Criteria

	
Economic Criteria

	
Social Criteria

	
Average






	
Distributor

	
Information system

	
5

	
5

	
4

	
4.7




	
Traceability

	
5

	
5

	
3

	
4.4




	
Retailer

	
Information system

	
5

	
5

	
5

	
5




	
Traceability

	
5

	
5

	
1

	
3.4
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