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Abstract: - Supply chain risks, vulnerabilities, complexity and uncertainties have emerged as key challenges to 

supply chain management. Supply chain risk management assumes importance in making the organizations 

understand that their risk sensitivity is dependent on other constituents of their supply chain. These risks are 

prone to disruptions, Forecast inaccuracies, breakdowns, economic and political changes, and disasters leading 

to higher risks and making supply chain management difficult. The present study categorized and refined the 

supply chain risks sources and its mitigation strategies for dealing with these risks. Fuzzy Analytical 

hierarchical process was utilized to determine the relative weights of risks which are subsequently used to rank 

the risk on the basis of their impact on supply chain. Understanding the priorities would help the firm to accord 

importance and develop suitable strategies to manage supply chain risks.  
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I. INTRODUCTION 
Modern supply chains are very complex, and recent lean practices have resulted in these networks 

becoming more vulnerable. For instance, there is often little buffer inventory and any disruption can have a 

rapid impact on the supply process. These disruptions can have many different sources: natural disasters, strikes, 

terrorism attacks, etc. Supply chain risks, vulnerabilities and uncertainties have become topical issues in the last 

few years. The adoption of supply chain management principles by many organizations has resulted in more 

networks, highly dependent organizations at the same time resulted in increased vulnerabilities of supply chains. 

Supply chains are vulnerable to risk that arise from problems in coordinating supply and demand [21], Supply 

chain risk management has become a necessity for many firms. Globalization, improved infrastructure and 

information technology has led supply chains to become longer and more complex, resulting in higher supply 

chain vulnerability [35], [36]. Supply chain disruptions and related issue as supply chain risk can potentially 

harmful and costly for the whole supply chain. 

            According to Juttner, Peck and christofer [20] Supply Chain risks are divided in two different aspects: 

risk and uncertainty sources and risk consequences which mean risk impacts on business.Sinha et al. Classified 

four areas of risks which include standards, supplier, technology, and practices. In each of these four areas, there 

are a number of supply chain risks that could happen.  Finch [13] classified risks into three broad categories 

which include the three levels of coverage: application level, organizational level, and inter-organizational level. 

At the application level, the risks include natural disasters, accidents, deliberate acts, data/information security 

risks, and management issues. At the organizational level, such risks as legal and strategic changes in decisions 

could happen, while at the inter-organizational level, there are possible uncertainty from the outside of the 

organization which could pose risks.Norrman and Lindroth [25]  we categorize the type of risks addressed in the 

SCRM papers into operational accidents, operational catastrophes, and strategic uncertainty. The operational 

accidents are those affecting the operational process or resources related to logistics / supply chain, such as fires, 

truck accidents, machine failures, labor strikes, etc. Chopra and Sodhi [8] broadly categorized, potential supply 

chain risks include delays, disruption, forecast inaccuracies, system breakdowns, intellectual property, 

procurement failures, inventory problem and capacity issue. Spekman and Davis categorized into risk in the 

Supply risks, inventory, information flow, security, opportunistic behavior, corporate social responsibility. Peck 

[20] categorized into risks exist at different levels—product/ process, assets, organizations and inter- 

organizational networks, environmentTang [35] who categorized supply chain risks into operations and 

disruptions risks. The operations risks are associated with uncertainties inherent in a supply chain, which include 

demand, supply, and cost uncertainties while disruption risks are those caused by major natural and man-made 

disasters such as flood, earthquake, tsunami, and major economic crisis.Cucchiella and Gastaldi [11] divided 

supply chain risks into categories of internal (involving such issues as capacity variations, regulations, 

information delays, and organizational factors) and external (market prices, actions of competitors, 

manufacturing yield and costs, supplier quality, and political issues)  Manuj and Mentzer , having, present a 

generic framework for the categorization of risk in global supply chains into the following broad classes: supply 
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risks, operational risks, demand risks, security risks, macro risks, policy risks, competitive risks, and resource 

risks. 

         Juttner et al [20] suggested that cooperation with supply chain partners is one of the mitigation 

strategies for supply chain risks. The cooperation can be in terms of joint efforts to improve supply chain 

visibility and understanding, joint efforts to share risk related information, and joint efforts to prepare supply 

chain continuity plans. Dropping specific products, geographical markets, suppliers, or customers can be 

considered as a way to avoid risks.Chopra and Sodhi [8] highlight mitigation strategies for different types of 

risks, which manufacturing organizations apply to deal with uncertainty. They identify drivers for a wide variety 

of different risks and pinpoint alternative proactive mitigation strategies for each corresponding risk use in the 

excess capacity, increased flexibility, increased capability, increased responsiveness, aggregate pool demand, 

additional inventory, redundant suppliers.Tang [35], [36] suggested that robust strategies for mitigating supply 

chain disruptions and highlighted that these strategies not only can manage the inherent fluctuations efficiently 

regardless of the  occurrence of major disruptions but also lead to a more resilient supply chain in the face of 

major disruptions. There are four basic approaches that have been reported to mitigate the impact of supply 

chain risks: supply management, demand management, product management, and information management that 

a firm could deploy through a coordinated/collaborative mechanism. Supply chain risk management (SCRM) is 

therefore a field of intensify importance and is aimed at developing approaches to the identification, assessment, 

analysis and treatment of areas of vulnerability and risk in supply chains Neiger et al., [24] Supply chain risk 

management approaches seek to measure the supply chain structure, use the findings to predict disruption. The 

results are then used to prepare proper mitigation and response strategies for supply chain risk management 

process. 

           In this paper, has piloted to identify different risk issues and their mitigation approaches leading to two 

aspects for the study. According to behavior of risks they appear in supply chain management. In the, Fuzzy 

Analytical Hierarchy Process (F-AHP) has used to evolve the robust strategies for mitigating the risks in the 

organizations. Fuzzy Analytical hierarchical process (F-AHP) is utilized to determine the relative weights of 

risks which are subsequently used to prioritize them. Understanding the priorities would help the firm to accord 

importance and develop suitable strategies to manage supply chain risks according to their relative importance. 

 

II. RESEARCH METHOD 
  In the previous chapter, different risk and robust strategies for mitigating risks in supply chain have 

been depicted that were reported in the introduction. This chapter contains methodology used in this paper for 

evaluating and ranking risk the in supply chain management. This chapter deals with the application of Fuzzy 

Analytical hierarchy process (FAHP) to evolve the risks in supply chain and it will facilitate to rank the risks. 

For the purpose, survey was made to assign the weight through questionnaire.   

 

2.1    Analytical Hierarchy Process 

  The AHP developed by saaty is a robust and flexible multi-criteria decision analysis 

methodology.Analytic hierarchy process (AHP) is a powerful method to solve complex decision problems. Any 

complex problem can be decomposed into several sub-problems using AHP in terms of hierarchical levels 

where each level represents a set of criteria or attributes relative to each sub-problem. The AHP method is a 

multicriteria method of analysis based on an additive weighting process, in which several relevant attributes are 

represented through their relative importance.Through AHP, the importance of several attributes is obtained 

from a process of paired comparison, in which the relevance of the attributes or categories of drivers of 

intangible assets are matched two-on-two in a hierarchic structure.However, the pure AHP model has some 

shortcomings. They pointed out that the AHP method is mainly used in nearly crisp-information decision 

applications; the AHP method creates and deals with a very unbalanced scale of judgment; the AHP method 

does not take into account the uncertainty associated with the mapping of human judgment to a number by 

natural language; the ranking of the AHP method is rather imprecise; and the subjective judgment by perception, 

evaluation, improvement and selection based on preference of decision-makers have great influence on the AHP 

results.  

 

2.2     FUZZY ANALYTICAL HIERARCHY PROCESS 

To overcome the AHP limitations, several researchers have integrated fuzzy set theory with AHP to 

consider the uncertainty. Larhoven and Pedryez have compared fuzzy ratio described by triangular membership 

function and the logarithmic least square method to obtain element sequencing. Buckley has determined fuzzy 

priorities of comparison ratio whose membership function were trapezoidal.  Chang  has introduce a new 

approach for handling of fuzzy AHP with the use of triangular fuzzy number for pair-wise comparison scale of 

fuzzy AHP and use extent analysis method evaluating weapon system using fuzzy AHP based on entropy 

weight calculation. 
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Chan et.al has reported that most decision-makers tend to give assessments based on their knowledge, 

past experience and subjective judgments. Importance of different strategies for mitigating risks contains 

ambiguity and multiplicity of meaning as these descriptions are usually linguistic and vague. It is also 

recognized that human assessment on qualitative attributes is always subjective and thus imprecise. 

Buckley’s fuzzy AHP has been used an evolutionary algorithm to calculate the weights with the trapezoidal 

fuzzy numbers. In order to simplify the fuzzy AHP process for industry from the practical and feasible 

viewpoints, the fuzzy AHP based on the fuzzy interval arithmetic with triangular fuzzy numbers and confidence 

index α with interval mean approach to determine the weights for evaluative elements have been proposed. The 

flow chart has been divided into five phases: planning, fuzzyfication, fuzzy operations, defuzzification and 

analysis & confirmation. 

 

2.3     FUZZY SET THEORY 

Fuzzy set theory introduced by Zadeh is used to represent the vagueness of human thinking; it expands 

traditional logic to include instances of partial truth. In traditional set theory, elements have either complete 

membership or complete non-membership in a given set. With fuzzy set theory, intermediate degrees of 

membership are allowed. The coding of the degree of membership to each of the elements in the set is defined 

as the membership function of the fuzzy set.  

The fuzzy set theory allows the membership functions to operate over the range of real numbers [0, 1]. 

A fuzzy set is defined by a membership function and all the information about a fuzzy set is described by its 

membership function. The membership function maps elements (crisp inputs) in the universe of discourse 

(interval that contains all the possible input values) to elements degrees of membership) within a certain 

interval, which is usually [0, 1]. Then, the degree of membership specifies the extent to which a given element 

belongs to a set or is related to a concept. The most commonly range used for expressing degree of membership 

is the unit interval [0, 1]. If the value assigned is 0, the element does not belong to the set (it has no 

membership). If the value assigned is 1, the element belongs completely to the set (it has no membership). 

Finally, if the value lies within the interval [0, 1], the element has a certain degree of membership (it belongs 

partially to the fuzzy set). A fuzzy set, then, contains elements that have different degrees of membership in it. 

The main characteristic of fuzziness is the grouping of individuals into classes that do not have sharply defined 

boundaries. The uncertain comparison judgment can be represented by the fuzzy number.  

 

2.4   FUZZY NUMBER 

A fuzzy number is a special fuzzy set F = {(x, µF(x)), x R}, where x takes it values on the real line, R : −∞ < x 

<+∞ and μ (x)is a continuous mapping from R to the closed interval [0, 1].A triangular fuzzy number denoted as 

= (a, b, c), where a≤ b ≤ c has the following triangular type membership function; 

 

                                                                           (1) 

In this study, triangular fuzzy numbers, to , have been used to represent subjective pair wise comparisons of 

various types of risks. A tilde ―~‖ is placed above a symbol if the symbol represents a fuzzy set. In order to take 

the imprecision of human qualitative assessments into consideration; the five triangular fuzzy numbers are 

defined with the corresponding membership function as shown in Figure 2.1 and Table-1. 
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Figure 1: The Membership functions of triangular fuzzy numbers   and   
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TABLE 1 : DEFINITION AND MEMBERSHIP FUNCTION OF FUZZY NUMBERS 

 

2.5 STEPS OF FUZZY AHP 

The AHP method is also known as an eigenvector method. It indicates that the eigenvector 

corresponding to the largest eigen value of the pair wise comparisons matrix provides the relative priorities of 

the factors, and preserves ordinal preferences among the alternatives. This means that if an alternative is 

preferred to another, its eigenvector component is larger than that of the other. A vector of weights obtained 

from the pair wise comparisons matrix reflects the relative performance of the various factors. In the fuzzy AHP 

triangular fuzzy numbers are utilized to improve the scaling scheme in the judgment matrices, and interval 

arithmetic is used to solve the fuzzy eigenvector Buckley the procedure of this the approach is as follows: 

Step 1 Construct the hierarchy structure model. 

 

 
Fig. 2 The Hierarchical Model. 

 

Step 2 Comparing the performance score: Triangular fuzzy numbers ( and ) are used to indicate the 

relative strength of each pair of elements in the same hierarchy. 

Step 3 Constructing the fuzzy comparison matrix: By using triangular fuzzy numbers, via pair wise comparison, 

the fuzzy judgment matrix  ( ij  ) is constructed as equation 2; 

 

Intensity of 

Importance 

Fuzzy number 

 
Definition 

Membership 

function 

1  Equally important/preferred (1, 1, 3) 

3  Moderately more important/preferred (1, 3, 5) 

 
5  Strongly more important/preferred (3, 5, 7) 

 
7  Very strongly more important/preferred (5, 7, 9) 

9  Extremely more important/preferred (7, 9, 11) 
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                                                   (2) 

 

Where   

Step 4 Estimating the degree of optimism for  . 

Degree of satisfaction for the judgment matrix  is estimated by the index of optimism μ. The larger value of 

the μ indicates the higher degree of optimism. The index of optimism is a linear convex combination defined as: 

 

 
While α is fixed, following crisp judgment  matrix can be obtained after setting the index of optimism, μ , in 

order to estimate the degree of satisfaction 

 
 

Step 5 Solving fuzzy eigen value 

A fuzzy eigen value, λ is a fuzzy number solution to 

                                                                                                                              (5) 

where is  n × n fuzzy matrix containing fuzzy numbers and   is a non-zero n x 1, fuzzy vector 

containing fuzzy number i .To perform fuzzy multiplications and additions by using the interval arithmetic and 

α − cut, the equation 5 becomes equivalent to  

 
]  ,  ( 1,…….., n) 

  
For 0 < α ≤ 1 and all i, j, where i=1, 2,…..,n and j=1,2,…..,n 

 

Step 6 Determining the weights for criteria  

The Eigen value method is used for calculating the eigenvector or weighting vector for each pair-wise matrix. 

The eigenvector is calculated by fixing the μ value and identifying the maximal Eigen value. (Saaty, (1980)) 

λmax is calculated then Normalization of both the matrix of paired comparisons and evolution of priority 

weights (approximate attribute weights). In order to control the results of the method, the consistency ratio for 

each of the matrices and overall inconsistency for the hierarchy are calculated. The deviations from consistency 

are expressed by the following equation:  

            (7) 

Where: CI is consistency index. 

The consistency ratio (CR) is used to estimate directly the consistency of pair wise comparisons.; 

 
Where: RI is selected from table2 according to the rank of the matrix. 

 

Table-2: Average Index for Randomly Generated Weights 

Matrix Rank 2 3 4 5 6 7 8 9 10 

RI 0.00 0.58 0.90 1.12 1.24 1.35 1.41 1.45 1.49 

 

The comparisons are acceptable if CR< 0.1. If the consistency test is not passed, the original values in 

the pair wise comparison matrix must be revised by the decision maker.  

Step 7 Ranking the Criteria 

Ranking are provided on the basis of the final score of the enablers. Final score are calculated with the help of 

relative importance weight of dimension and relative important weight of enabler. Further, a survey was carried 
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out to find out the importance of the enablers in the industries using Likert scale (1-5). The mean of data is 

calculated for different enablers. The final score is defined as: 

 
Where  

 = Final score of enabler (strategy) k 

= Relative important weight of dimension d of enabler k  

 = Relative important weight of enabler k,   = Survey mean of the enabler k 

 

III. RESULTS AND ANALYSIS 
A structured questionnaire was framed to collect the responses of industries. These questions were 

framed on a five point Likert scale. These questionnaires were mailed to different industries throughout the 

country.It included industries involved in the manufacturing, power plant etc. to evaluate the different risks.  

Final score was calculated from Equation 9. Final score of various enablers (strategies) are shown in Table1. 

Ranking is provided according to their final score.The analysis shows that among Endogenous Risk and 

Exogenous Risk,on comparison  We get dimensions with 83.33 % of Endogenous risk and that followed by 

Exogenous risk 16.67%. Under this subcategorization Disruption is ranked number one and its final score value 

is found to be higher than other risks. It indicates that in the recent years, disruption is more common in supply 

chain, due to increasing supply chain complexity and demand for more agility that increases supply chain risk. 

To deal this disruption risks we identify supply chain vulnerability points. and have contingency plans for them, 

even add inventories in  mitigation of these disruption risks.The second important risk from analysis under the 

potential risk list is Forecast inaccuracies. Forecast inaccuracy risks result from a mismatch between a company 

projections and actual demand. If forecast are too low, products might not be available to sell. Forecast that are 

too high result in excess inventories and, inevitably, causes price mark-downs. Long lead times, seasonal 

demand, high product variety and smaller Bullwhip effect or information distortion all increase forecast error. 

Better planning and coordination of supply demand; flexible capacity, increased responsiveness and aggregate 

pool demand has to be used to mitigate this forecast error in the supply chain. 
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IV. CONCLUSION 
This is a prospective study on identification of risks and it’s mitigation in supply chain management. 

The main objective was identifying the risks and it’s mitigation in supply chain.  The risks in supply chain have 

been ranked using Fuzzy AHP. In Fuzzy AHP process the hierarchical model was constructed on the basis of the 

literature review. Prioritization of risks is based on discussion with the experts and survey data received through 

questionnaires from various industries in India. In this risk categorizing the main criteria Endogenous Risk got 

83.33 % weightage and Exogenous Risk got 16.67% weightage as per the pair wise comparison in Fuzzy AHP 

calculation. We may now conclude that the likelihood of factors of Endogenous Risk is high and that of 

Exogenous risk is low. The analysis showed that the risk sub categories disruption, forecast inaccuracies and 

delay have high impact on the supply chain management. Ranks were allotted to the risks on the basis of their 

impact on supply chain. The disruption, forecast inaccuracies, delay, quality, continuity of supply, got higher 

ranks compared to others.Identifying supply chain vulnerability points, having contingency plans, and adding 

inventories, adding capacity, increase flexibility, responsiveness, Managing demand, promotions incentives for 

customers, cost reduction in operations and capacity, better planning and coordinating,all these the mitigate this 

risks in supply chain. Further on the research the model developed other fuzzy approaches such as Fuzzy Topsis 

ranking method can be used to prioritize these supply chain risks. In further model we can also consider Monte-

Carlo-based simulation software for calculating the risks. A risk is inherent in every link with firm’s supply 

chain hence it is impossible to completely mitigate a supply chains’ risks. But by understanding the sources of 

risk and prioritizing them, firms can take a proactive view for reducing and managing these risks. 

 

 
Fig.3 Sensitivity levels of risks 
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