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ABSTRACT 

 

Over the years, aggressive competition and globalization have resulted in tremendous 

progress in the development and management of supply chains. There are many high-

performing supply chains that have benefitted from globalization. However, globalization 

of supply chains has also resulted in exposure to increased risks and frequent 

disturbances at various stages. One way to address these disturbances is to make supply 

chains resilient in nature. This paper identifies and prioritizes a set of important resiliency 

strategies for supply chains using the Fuzzy Analytic Hierarchy Process (F-AHP). 

Responses from 23 experts from the Indian pharmaceutical sector have been analyzed. 

We found that supply chain agility, visibility, and collaboration were the three most 

important resiliency strategies that a pharmaceutical organization should follow to 

address the vulnerability within their supply chain. The findings will serve the supply 

chain managers and the policymakers in designing resilient supply chains through the 

better understanding of strategies and formulation of action plans, while also introducing 

MCDM techniques into resiliency studies. 

 

Keywords: Multi-criteria decision-making (MCDM); supply chain resilience; resiliency 

strategies; Fuzzy Analytic Hierarchy Process (F-AHP); Analytic Hierarchy Process 

(AHP); Indian pharmaceutical sector  

 

 

1. Introduction  

The rapid shrinkage in the product and technology lifecycle, coupled with ever-changing 

(and unforeseen) customer preferences has forced organizations to change their 

operational processes. Organizations are no longer considered isolated islands, but rather 
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as inter-connected networks functioning in harmony to achieve common objectives. One 

way to achieve this is to design and maintain an efficient supply chain that would serve as 

an important means for achieving a competitive advantage. However, in addition to the 

shortening life-cycle of products and technology, continuous and uncertain changes in 

customer demands and preferences have also resulted in extremely complex supply 

chains. This has led to more vulnerable supply chains. It has been observed that supply 

chains have been on the receiving end of a number of natural and manmade emergencies, 

like floods, earthquakes, fire, terrorist attacks and so on. As a weapon to combat these 

disruptions, organizations have started designing their supply chains in a manner that can 

respond to these disruptions, and also actually recover to their original state, or even 

better, which is known as supply chain resiliency (Christopher & Peck, 2004; Ponomarov 

& Holcomb, 2009). Resiliency ensures an uninterrupted supply of goods and services to 

an organization as well as their customers, even after suffering an unforeseen disruption, 

which can lead to revenue generation and a competitive advantage. In addition, it leads to 

reduced customer perception of assumed risks fostering risk resilient growth (Ambulkar 

et al., 2015; Ganguly et al., 2018a). The concept of resiliency stretches beyond just 

recovery and into the domain of flexibility, adaptability, maintenance, and recovery, 

becoming an important and sustainable component of success among organizations 

(Ponomarov & Holcomb, 2009; Hamel & Välikangas, 2003; Stoltz, 2004). 

 

Supply chain resiliency is defined as an organization’s ability to react to negative effects 

caused by disturbances that occur across supply chains (Barroso et al., 2010). Shuai et al. 

(2011) compared resiliency to cell biology and stated that it is just like cell elasticity i.e. 

the ability of a cell to come back to its original structure after being subjected to certain 

stress. A resilient supply chain exposed to disturbances can mutate to adapt to the internal 

and external environment. Furthermore, resiliency has become a critical component in 

present-day supply chains in order to combat external and internal vulnerabilities, along 

with being restored to a stage of equilibrium, and in the process ensuring higher 

efficiency and performance levels (Longo & Oren, 2008). Therefore, a resilient supply 

chain has the ability to thrive and survive in the face of unexpected and turbulent 

changes. The importance of supply chain resiliency has astronomically elevated in the 

last two decades, and organizations are trying to design various supply chain resiliency 

strategies to stay ahead of their competitors. The resiliency strategies have been broadly 

categorized into two types – proactive and reactive strategies – depending on the nature 

of the supply chain and the organization in general. Tukamuhabwa et al. (2015) stated 

that most of the supply chain strategies highlighted in the literature are proactive rather 

than reactive in nature, and therefore are expected to continue ‘operations as normal.’ 

They further argued that although proactive strategies are desirable to minimize 

vulnerability in supply chains, managers might be reluctant to justify investments in 

strategies to mitigate potential disruptive events that may not eventually occur. As a 

result, a careful trade-off between the selection of proactive vis-à-vis reactive supply 

chain resiliency strategies should be considered as part of the supply chain resiliency 

strategy selection for an organization. 

 

As observed from the extant literature, substantial academic and practitioner-based 

research is available on identification and discussion of supply chain resiliency strategies. 

The strategies discussed are from a proactive and a reactive perspective, and from an 

organizational and an individual level. However, during the literature review we observed 
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that though there were multiple research papers discussing strategies for supply chain 

resilience, limited research work has identified and discussed the relative importance of a 

set of critical strategies that might aid an organization in improving the efficiency of its 

supply chain, especially in the context of the Indian pharmaceutical sector. The current 

research attempts to shed some light on this issue and tries to bridge this gap through 

initially identifying a set of critical strategies (separating the vital few from the trivial 

many) associated with supply chain resiliency, and subsequently prioritizes through 

assessment of their relative criticality.  

 

The pharmaceutical supply chain is considered a “systemic network of a set of complex 

processes, operations and organizational structure which is involved in the discovery, 

development, and manufacturing of medications” (Ganguly et al., 2018a). The Indian 

pharmaceutical sector is one of the largest producers of generic pharmaceutical drugs in 

the world and a major contributor to the Gross Domestic Product (GDP) in the country. 

Since the operational process of Indian pharmaceutical companies is comprised of sales 

and distribution of generic as well as branded drugs, efficient procurement and inventory 

management, logistics and distribution have become important ingredients for the 

pharmaceutical companies for operational efficiency. Additionally, the growing 

importance of reverse logistics, coupled with recycling, disposal, scheduling, and 

planning has elevated the importance of the supply chain among the pharmaceutical 

companies, thereby making it important for the pharmaceutical companies to design and 

develop efficient supply chains which are resilient in nature (Narayana et al., 2014). 

 

The multi-criteria decision-making (MCDM) model of Fuzzy Analytic Hierarchy Process 

(F-AHP) is used to assess the relative criticality of the identified strategies, thereby 

adding to the novelty of the current investigation. F-AHP, which stemmed from the basic 

AHP model, allows the experts to use fuzzy ratios in place of exact ratios (Saaty, 1980, 

1990, 1994; Buckley, 1985; Buckley et al., 2001). The basic advantage of F-AHP over its 

traditional counterpart (AHP) is that it allows the respondents to provide vague or 

imprecise replies when comparing two alternatives in a hierarchical analysis (Buckley, 

1985). The AHP’s subjective judgment, selection and preference of decision-makers 

often cannot reflect the human thinking style. Additionally, the fact that the AHP method 

is mainly used in nearly crisp (non-fuzzy) decision applications might lead to an 

unbalanced scale of judgment. Therefore, avoiding these risks on performance, fuzzy 

AHP, a fuzzy extension of AHP, was developed to solve hierarchical fuzzy problems. 

(Özdağoğlu & Özdağoğlu, 2007). Buckley (1990; 1992; 1995) used the application of 

fuzzy AHP in decision making with great success and Buckley et al. (2001) enlisted a 

three-step process for calculating fuzzy AHP which includes finding the crisp solution, 

fuzzifying the crisp solution, and using the fuzzified crisp solution to determine the 

solution to the fuzzy problem. Considering the risks associated with a conventional AHP 

analysis, the authors decided to use fuzzy AHP as the preferred technique in the current 

study.  

 

Beginning with a review of concepts of supply chain resiliency and F-AHP, this paper 

subsequently goes on to identify a set of strategies that are expected to improve supply 

chain resiliency of pharmaceutical organizations. The identified strategies are then 

prioritized using F-AHP to assess their relative criticality. The findings of this study are 

expected to serve as an important roadmap towards understanding the relative importance 
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of the strategies that can be subsequently adopted as part of the organization's operational 

planning process.  

 

 

2. Review of the extant literature 

2.1 Resilient supply chains  

The concept of resilience, which stems from the Latin word resilīre meaning ‘to spring 

back or rebound,’ is the ability of a substance or object to spring back into shape 

(Ganguly et al., 2018a). Resilience is concerned with the ability of systems to absorb 

changes and return to an equilibrium state after a temporary disturbance (Ponomarov & 

Holcomb, 2009).  Although the concept of resilience originated from the domain of pure 

science, it has subsequently filtered down to other domains of engineering, social 

sciences, and business management (Clapham, 1971; Holling, 1973). A supply chain is 

one of the latest inductees into this group. Earlier studies in supply chain resiliency were 

conducted in the UK in the early 21st century, following the (in)famous fuel protests in 

2000 that caused considerable disruption in transportation (Pettit et al., 2010). The 

concept of supply chain resiliency was subsequently studied and crystallized by 

Christopher and Peck (2004), who were the first to develop a framework for a resilient 

supply chain. Christopher and Peck (2004) further suggested that resiliency in a supply 

chain can be created through a basic set of principles and can serve as one of the most 

powerful strategies in combating supply chain disruptions. Around the same time, Sheffi 

& Rice Jr. (2005) concluded that a resilient supply chain not only aids an organization in 

managing risks, but also helps it to be better positioned than the competition and even 

gain an advantage from disruptions. Over the years, the importance of supply chain 

resiliency has grown exponentially, especially in the face of globalization and persistent 

uncertainties. Recently, there has been a lot of focus on supply chain resiliency, 

especially in the context of supply chain disruption and sustainability. Resiliency has also 

been a key focus in evaluating the robustness of a supply chain with the idea that there 

are certain features that if engineered into a supply chain can improve its resilience 

(Yadav et al., 2011; Soni et al. 2014).  

 

Integrating resiliency into supply chains helps them efficiently and effectively recover 

from disruptions. It should be noted that resiliency does not guarantee elimination of 

risks, but ensures speedy and efficient recovery following a disruptive event. 

Furthermore, a resilient supply chain does not always translate into a low-cost supply 

chain, but is definitely more capable of coping with uncertainties (Carvalho et al., 2012). 

Therefore, resilience allows an organization to manage disruptions in the supply chain 

and continue to deliver their products and services to customers (Ambulkar et al., 2015). 

Sheffi & Rice Jr. (2005) argued that resiliency is a major weapon for competitive 

advantage in the face of unforeseen disruptions, and building redundancy and flexibility 

into the system can be useful strategies in combating the same. Pettit et al. (2010, 2013) 

proposed two important constructs for resiliency – vulnerabilities and capabilities. They 

termed the optimal balance between the two as the ‘zone of balanced resilience’. 

Therefore, the goal of a resilient supply chain is to recover to the desired state of the 

system that has been disturbed within an acceptable time and at an acceptable cost as well 

as to reduce the impact of a disturbance by changing the impact of a potential threat 

(Haimes, 2006). As a result, a resilient supply chain needs to have the ability to use the 

lowest possible amount of resources during the recovery process, and the supply chain 
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that incurs the lowest resiliency cost will be considered the most resilient supply chain 

(Vugrin et al., 2011). 

 

Over the years, researchers and industry executives have conducted numerous studies 

concerning strategies to develop resilient supply chains. The strategies discussed by the 

researchers range from increasing supply chain visibility (Calvalho et al., 2012b; 

Glickman & White, 2006; Kraft et al., 2018; Pettit et al., 2010, 2013; Zhang et al., 2011) 

and flexibility/agility (Christopher & Holweg, 2011; Ganguly et al., 2018a, 2018b; Pettit 

et al., 2013; Rice & Caniato, 2003; Sheffi & Rice Jr., 2005; Tang 2006; Tang & Tomlin, 

2008) to greater knowledge management (Christopher & Peck, 2004; Rice & Caniato, 

2003; Ponis & Koronis, 2012; Ponomarov & Holcomb, 2009; Urciuoli et al., 2014) to 

appropriate supplier selection (Mascaritolo & Holcomb, 2008). However, while 

reviewing the strategies associated with designing a resilient supply chain, we observed 

that while being very generic in nature, researchers also did not separate the strategies 

from the ‘trivial many’ to a set of the ‘vital few.’ Additionally, prior research has also 

overlooked prioritizing the identified strategies to assess their relative criticality which, if 

listed, would aid the policymakers in formulating a better action plan for developing a 

resilient supply chain. The current study attempts to focus upon this important, but 

undiscussed issue. 

 
2.2 An overview of the Indian pharmaceutical sector 

The Indian pharmaceutical sector, which holds an important position in the global 

pharmaceutical industry, is one of the key drivers of growth in India. According to a 

report by PwC India in 2018, the Indian pharmaceuticals market is the third-largest in 

terms of volume and thirteenth-largest in terms of value, along with being the global 

leader in providing generic drugs to the world. As a result, the importance of the 

pharmaceutical sector in India has attracted enormous interest from academicians and 

practitioners alike.  

 

The pharmaceutical sector in India has been viewed through multiple research lenses. 

Athreye et al. (2009) studied the dynamic capabilities of four large Indian pharmaceutical 

firms for international collaboration and R&D and innovation. Kale & Little (2007) 

studied the process and stages involved in the Indian pharmaceutical sector’s transition 

from an importer to generic exporter to innovator. Chittoor & Ray (2007) studied the 

internationalization strategies of 40 Indian pharmaceutical firms and their use of 

conventional market exploitation and exploration strategies towards becoming third 

world multinational corporations. A study of changing patent laws and the stringent 

regulatory environment in India and China by Grace (2004) found that the enhanced IP 

protection laws result in revenue losses and increased emphasis on export in profitable 

regulated markets. Similar outcomes were evidenced by Greene (2007) during the study 

of the Indian pharmaceutical industry and their effect on the American pharmaceutical 

market post-2005. Saranga (2007) used the DEA to analyze how inefficient Indian 

pharmaceuticals firms can manage buyers, vendors and other peer groups post-2005 due 

to the new Intellectual Property Protection laws. Kar & Pani (2014) studied supplier 

selection and evaluation using AHP for 188 Indian firms across 12 industries including 

pharmaceutical industries with attributes applicable to all firms. However, no research 

work has discussed supply chain resiliency for the Indian pharmaceutical sector, and the 
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current study is expected to understand the same using Fuzzy Analytic Hierarchy Process 

approach.  

 
2.3 Selection of Fuzzy AHP for the study  

Fuzzy AHP’s ability to identify and prioritize attributes has been used extensively within 

various decision-making processes in the different areas of management research. Junior 

et al.’s (2014) comparison and sensitivity analysis of F-AHP and F-TOPSIS found that F-

AHP performs better in terms of time complexity and allowing inclusion of sub-criteria 

into a hierarchical structure. Further, F-AHP performs better in terms of modeling 

uncertainty with an objective of supplier elimination (Junior et al., 2014).  Triantaphyllou 

& Lin (1996) stated that F-AHP fairs only second to Fuzzy Revised AHP, and is better 

than F-TOPSIS and other MCDM methods, and more capable of managing human 

decision-making ambiguity in a complex environment and with real-life data. Further, a 

comparative analysis of F-AHP and F-TOPSIS for the selection of facility location by 

Ertuğrul & Karakaşoğlu (2008) found that both provide similar and consistent ranking of 

criteria. However, F-AHP has more flexibility in terms of a hierarchical spread of 

attributes. A study to identify an operating system by Balli & Korukoğlu (2009) found 

that F-AHP is a useful technique for the evaluation of complex multi-criteria alternatives 

with subjectivity, while TOPSIS is more tuned towards ranking alternatives. Similar 

observations have been made by Tadic et al. (2009) while evaluating quality goals in an 

organization and use of F-AHP was found less mathematically cumbersome and more 

attuned to weight linguistics and qualitative attributes as opposed to TOPSIS. We will 

build upon these previous studies by substantiating the use of F-AHP in scenarios where 

qualitative decision-making judgements are to be taken to provide weights for the 

attributes.  

 
2.4 Overview of Fuzzy AHP  

The Analytical Hierarchy Process (AHP) is a multi-criteria decision-making technique 

for prioritization of alternative attributes when multiple attributes influence the decision-

making process (Saaty, 1980; Ganguly & Merino, 2015). It (AHP) attempts to achieve 

consistent pairwise judgments through use of the properties of reciprocal matrices and 

allows one to rank the actions, criteria, objectives or any attribute relevant to the decision 

(Hughes, 2009).  The initialization of the AHP analysis requires the construction of a 

hierarchy describing the problem statement and then deconstructing it in a hierarchical 

structure. There are no limitations regarding the number of levels in the hierarchy 

breaking down the analysis structure in attributes and sub-attributes to substantiate the 

problem statement and its characteristics (Dave et al., 2012). The problem statement or 

the objective resides at the top of the hierarchical tree, followed by attributes and sub-

attributes. The bottom level consists of alternatives providing the selection set. 

Elaboration of the AHP model is done after the construction of the hierarchy. Through a 

set of pairwise comparison of attributes at the same level, a matrix of relative importance 

is developed. The pairwise comparisons require the respondents to compare the siblings 

based on their relative importance to each other. The relative importance is based on a 

numerical scale with siblings on each side of the scale. This allows the respondent to 

weigh the pair and provide the relative importance for one of the siblings or select 

neutrality.  
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Though the ease of use of the AHP has made is one of the most widely used decision-

making techniques, the use of a 9-point scale is considered one of the major shortcomings 

of the method, as it sometimes is not able to cater to the uncertainty in the decision-

making process (Kilincci & Onal, 2011). The AHP lacks the ability to allow decision-

making in uncertain situations when preferences are not objective in nature due to 

information asymmetry, complexity and other uncertain attributes of the environment 

(Nieto-Morote & Ruz-Vila, 2011). As a result, fuzzy numbers and scales have been 

developed to consider this issue in decision-making.  Over the years, fuzzy sets have been 

subsequently extended to type-2 fuzzy sets, intuitionistic fuzzy sets, hesitant fuzzy sets, 

Pythagorean fuzzy sets, and neutrosophic sets, while new extensions of fuzzy AHP have 

been proposed by various authors accordingly (Kahraman, 2018). 

 

Introduction of fuzziness within the AHP technique allows this uncertainty to be 

considered, and the improved technique is called Fuzzy-AHP (F-AHP). This insertion of 

fuzzy theory into the traditional AHP allows one to account for the vagueness in the 

respondent’s judgment (Ayhan, 2013). Due to the fuzzy characteristic of F-AHP, 

determination of weights based on pairwise comparison becomes slightly complex for 

computation (Nieto-Morote & Ruz-Vila, 2011). The refined method uses triangular fuzzy 

numbers along with linguistic variables for alternative comparison for priority derivation 

of different selections (Kilincci & Onal, 2011). Using the triangular fuzzy numbers as a 

replacement for the 9-point scale of the traditional AHP, F-AHP successfully deals with 

the uncertainty of the decision-making process. The F-AHP uses the extent analysis 

method for the pairwise analysis and calculates synthetic extent values for the same 

(Kilincci & Onal, 2011). After finalization of the weights, the normalized weights are 

calculated. Further, priority weights of the final alternatives are computed through the use 

of varied weights of criteria and attributes. The alternative with the highest value is 

chosen as the preferred one, or is the most important attribute, whatever the case may be. 

The comparison between AHP and F-AHP method has been provided in Table 1.  

 

Table 1 

Comparison of AHP vis-à-vis F-AHP scales (Adapted and modified from Ayhan, 2013) 

 

AHP Scale Definition F-AHP scale 

1 Equally important (1,1,1) 

3 Somewhat important (2,3,4) 

5 Fairly important (4,5,6) 

7 Strongly important (6,7,8) 

9 Extremely important (9,9,9) 

2,4,6,8 The intermittent values (1,2,3), (3,4,5), (5,6,7), (7,8,9) 

 

Following the above F-AHP scale, if attribute A is strongly preferred over attribute B, 

then it is denoted by the fuzzy triangular scale as (6, 7, 8) and its inverse as (1/8, 1/7, 1/6) 
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and so on. Based on this scale, the relative prioritized weights at each level of the 

hierarchy is determined, which is subsequently used to arrive at the final alternative.  
 
2.5 Prior efforts in using AHP and Fuzzy AHP in supply chain research 

AHP and Fuzzy (F) – AHP have been used extensively for various kinds of attribute-

based analysis in supply chain management. A study done by Mardani et al. (2015) found 

23 (6%) supply chain management papers out of 393 papers reviewed between 2010 and 

2014 used AHP, second only to the number of papers in the research area of energy, 

environment and sustainability. Identification of attribute weights for both qualitative and 

quantitative attributes has been used for prioritizing suppliers in a resilient supply chain 

(Rajesh & Ravi, 2015). López & Ishizaka (2017) have analyzed threats to supply chain 

resilience arising from offshore outsourcing location decisions using AHP along with 

fuzzy cognitive maps, and they conclude that offshoring might lead to reduced flexibility, 

financial strengths and recovery capacity of supply chains. Wang et al. (2017) used AHP 

to analyze the resilient nature of the green construction supply chain. Their study found 

that product quality, commodity cost, legal environment, new technology, service 

distance and level of informalization etc. had higher weights than time, quantity and 

service flexibility. Ho et al.’s (2015) literature review of supply chain risk management 

identified the AHP as one of the top five techniques along with mathematical modeling, 

news vendor model, simulation and game theory. Risks in operations areas like machine 

and equipment failure, design risks and skilled labor scarcity were found to be the most 

critical ones for green supply chains rather than supplier based, demand forecasting, 

financial or product recovery for an F-AHP study by Mangla et al. (2015). A study of the 

supply chain for petroleum products from a disruptions perspective using F-AHP found 

transparency, flexible transportation, secure communication networks, and human 

resource management as the most weighted attributes from the overall supply chain 

resiliency perspective (Ghasemzadeh et al., 2017). An analysis of 288 peer-reviewed 

articles published between 2000 and 2017 from the supply chain resilience perspective 

found the AHP as one of the most used techniques among MCDM after mathematical 

modeling (Kochan & Nowicki, 2018). Use of AHP for supplier selection based on supply 

chain resiliency in south-east Asian countries like China, Vietnam and Hong Kong found 

that robustness, reliability, and rerouting are the most important attributes (Hosseini & Al 

Khaled, 2016).  

 

Adebanjo et al. (2016) studied lean supply chain management in healthcare services 

operations using F-AHP and found that operational performance and financial factors are 

the important attributes describing 96% of the initiatives for lean management. Ayhan 

(2013) analyzed the supplier selection problem for a gear motor company using F-AHP, 

and the study found quality and origin of raw material as the two most important 

attributes, others being cost, delivery and after-sales services. Chen & Yuan (2013) used 

AHP to select outsourcing destinations in east and south-east Asia, and found that based 

on analysis of costs, human resources, the business environment, and the policy and legal 

environment, China, Philippines, and Singapore are the best destinations with cost 

considerations being the major driving factor (0.44) and the other three attributes scoring 

nearly equal weights (0.18-0.19). Kahraman et al. (2003) used F-AHP to understand the 

perspective of purchasing managers of white goods in supply chains in Turkey for 

supplier selection, and found that Supplier Criteria (0.43) and Product Performance (0.37) 

outweigh Service Performance (0.20). Among the sub-attributes Financial Performance 
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of Supplier Criteria (0.70) and Professionalism (0.95) in Service Performance outweighed 

other sub-attributes. Patil & Kant (2014) have developed a Fuzzy AHP-TOPSIS method 

to provide ranking for solutions for overcoming knowledge management barriers in 

supply chains. Application of AHP for selection of building material suppliers among 10 

USA-based suppliers found that tender price (0.25) and life-cycle cost (0.17) were the 

most weighed attributes among 10 attributes (Plebankiewicz & Kubek, 2015). Supplier 

selection among 7 regional contractors for a clothing company in Turkey based on the 

minimum and maximum order quantity, under or over achievement and other 

mathematical programming constraints found that product quality (0.51) and delivery 

capability (0.24) have higher values than service capability (0.19) and product discount 

(0.06). For the selection of a lead-free equipment supplier, the use of F-AHP found that 

product compatibility, response and maintenance time, and upgrades and expansibility 

share nearly 50% of the attribute weights among seven attributes (Tang & Lin, 2011). A 

study for supplier selection in the Indian manufacturing context using F-AHP found that 

quality (0.41) and cost (0.25) are the most valued attributes as opposed to delivery, 

service, long-term relationship and flexibility (Yadav & Sharma, 2015). A study of the 

garment industries in Bangladesh using Quality Function Deployment and AHP to 

mitigate supply chain vulnerabilities and develop a resilience index found that the most 

resilient strategies are building backup capacity, relationship with buyers and suppliers 

and quality control (Chowdhury & Quaddus, 2015). The AHP has been used to assess the 

supply chain risk and manage it based on ranking the severity, and its magnitude has been 

developed by Dong & Cooper (2016). Rathore et al. (2017) used grey-AHP and grey-

TOPSIS to develop a risk assessment methodology and have applied this to the food 

product supply chain. However, in spite of MCDM and AHP establishing themselves as 

important tools in the domain of supply chain research, their utilization in the area of 

supply chain resiliency has been sparse. The current study is expected to shed some light 

on this important but sparsely discussed issue.    

 

 

3. Research model and methodology  

The basic foundation of the current investigation lies on two concatenate research 

questions which are provided below: 

 

RQ1: What are the important strategies required to design a resilient supply chain? 

 

RQ2: How can an organization prioritize the identified strategies to assess their relative 

criticality, so that they can design a resilient supply chain more effectively? 

 

Based on the two aforementioned research questions, the objective of the present study 

was to identify and prioritize a set of strategies that might result in an organization 

designing a resilient supply chain. The research process started with identifying a set of 

resiliency strategies and was initially done through a thorough review of the available 

open literature in the field. Approximately 70 research papers were reviewed on 

resiliency and supply chain resiliency and an initial laundry list of a set of strategies 

associated with supply chain resiliency was developed. This set was subsequently 

narrowed down, through interviews with the subject matter experts, to validate their 

authenticity as well as filter out the important ones. The subject matter experts, who are 

pivotal to a successful AHP analysis, were identified after careful scrutiny and consisted 
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of Indian industry professionals having more than 15 years of experience in the domain 

of supply chain including, being a part of multiple supply chain related projects. In 

addition, their knowledge regarding supply chain resiliency and disruptions was also 

taken into consideration as part of the selection process.  The discussions and interviews 

with the SMEs were conducted formally and informally by the authors through 

telephone, Skype and face to face. Salient points arising out of the discussions were duly 

noted and subsequently used to finalize the set of resiliency strategies. Furthermore, the 

data gathered through the interviews of the experts was subsequently analyzed to remove 

ambiguity and discrepancies. It was observed, that although the experts were interviewed 

separately, a distinct pattern emerged regarding the relative importance of the strategies 

in their opinion. Therefore, the top seven strategies, as identified by all the experts were 

taken as the final set of resiliency strategies and were used for further analysis and 

prioritization. 

 

Once the final set of strategies was identified, the next stage was to use the experts to 

prioritize them in order to assess their relative criticality while not compromising the 

accuracy of the information. A set of 23 subject matter experts in the supply chain field 

were identified and given an AHP based questionnaire for prioritization of the identified 

strategies
1
. The questionnaire was designed with a self-administered survey in mind and 

the experts were briefed about the format of the AHP questionnaire as it varied from its 

traditional Likert scale counterpart. The data was gathered in the form of a survey 

questionnaire and was designed for prioritization of the identified risks.  The survey was 

administered to the experts separately and individually in order to eliminate a possible 

response bias. In this context, it should be mentioned that before the survey was sent out 

to the targeted experts, a pilot survey was conducted on a small group of four to five 

industry experts with considerable experience in supply chain management. The purpose 

of the pilot study was to reveal deficiencies, if any, in the design of the survey before it 

was deployed within the main study. Some of the issues that were revealed by the pilot 

study were addressed prior to sending out the final survey questionnaire. The subsequent 

sections of the paper discuss the identified strategies along with using Fuzzy AHP to 

prioritize them. 

  

 

4. Identifying the resiliency strategies  

In the present-day business scenario, where the competition is often not between 

organizations, but rather between their supply chains, a major cause of concern for an 

organization is the failure of its supply chain. Disruptions have become fairly frequent in 

supply chains, especially with rapid globalization and increased complexity of the supply 

chains. The purpose of the current study, as mentioned previously, was to identify and 

prioritize a set of strategies that would aid an organization in the design of a resilient 

supply chain. The initial set of strategies was identified based on a thorough review of the 

extant literature in the field, coupled with discussions and deliberation with experts 

associated with the production planning and controls and operations. The initial set of 

strategies were further refined into a final set through additional discussions with the 

                                                           
1
 Since AHP is an expert based decision-making technique, the number of survey respondents was 

low. Therefore, the number of respondents in the current study was 23, which can be considered a 

fairly acceptable number for the AHP. 
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experts to arrive at a final, condensed set. The final set of the identified strategies are 

discussed below. 

 
4.1 Increasing supply chain visibility 

Christopher & Peck (2004) have defined supply chain visibility as the ability of an 

organization to clearly see through its supply chain. Pettit et al. (2010) conceptualized 

visibility as the knowledge an organization can have regarding the status of its operating 

assets and the environment. Having clear visibility of a supply chain enables an 

organization to have a clear idea about the entire supply chain, therefore helping detect 

signals of future disruptions (Tukamuhabwa et al., 2015). In turn, this helps the 

organization avoid any unnecessary intervention and ambiguous/ineffective decisions in 

situations of possible disruption, along with quickly responding to disturbances based on 

real-time assessment (Glickman & White, 2006; Pettit et al., 2013). Greater visibility of a 

supply chain can also help an organization disclose supply chain resiliency information to 

its customers, along with having a positive impact on the organization’s social 

responsibility (Kraft et al., 2018). Furthermore, greater visibility in the supply chain is 

required to increase the level of responsiveness of a supply chain, both from the demand 

and supply context, which is often considered a key component to combatting disruptions 

(Williams et al., 2013). Since disruptions in supply chains are considered one of the 

precursors to resiliency, supply chain visibility was considered one of the key strategies 

to achieve supply chain resiliency.   

 
4.2 Supply chain agility 

For organizations to thrive and grow in the current market, being agile is one of the 

fundamental aspects needed for success. Agility is the capability of an organization (and 

its supply chain) to efficiently function in an unpredictable environment marked by 

continuous (and often uncertain) changes in the business environment by reacting quickly 

(Cho et al., 1996; Gunasekaran, 1999). This has become one of the most powerful 

weapons for organizations and their supply chain. Supply chain agility can be considered 

as the ability to respond quickly to unpredictable events through rapid changes in 

business processes and systems (Christopher & Peck, 2004; Erol et al., 2010). Agility and 

velocity (which is the speed with which a supply chain can adapt) pertaining to both 

positive and negative changes in the external environment have become the ability of a 

supply chain to exploit unexpected emergencies (Peck, 2005; Ponomarov & Holcomb 

2009; Jüttner & Maklan, 2011). Therefore, agility is concerned with the continuous 

search for the most appropriate response to manage uncertainty and unpredictability 

within the business environment and requires the presence of agile partners both 

upstream and downstream in the supply chain (Ganguly et al., 2018b; Christopher & 

Peck, 2004).  Since agility of a supply chain involves adapting to unforeseen changes 

(which might even include disruptions) in a cost effective and timely manner, this is often 

considered as one of the key strategies to achieve resiliency.   

 
4.3 Creating supply chain redundancy 

As a convention, most organizations think of surplus capacity and inventory as a waste, 

and therefore an undesirable option (Christopher & Peck, 2004). However, contrary to 

the common belief, redundancy has often been considered a deliberate strategy to achieve 

resiliency in supply chains. Redundancy can be stated as “the strategic and selective use 

of spare capacity and inventory that can be used to cope with disruption…” and involves 
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use of multiple suppliers, excess inventory and additional facilities, among others 

(Tukamuhabwa et al., 2015). Sheffi & Rice (2005) argued that resiliency can be enhanced 

by building redundancy into the supply chain, where significant redundancy can aid in a 

faster recovery after disruption. Strategic deployment of additional inventory or capacity 

at a certain point (which they termed as ‘pinch-points') can be beneficial to creating a 

supply chain that is resilient in nature (Christopher & Peck, 2004). An organization can 

ensure redundancy through holding extra inventory and having multiple suppliers and 

locations, all with the objective of dealing with disruptions (Christopher & Peck, 2004; 

Tomlin, 2006).  Therefore, redundancy is a capability that can be employed to ensure 

resilience, regardless of the need for resiliency emerging from demand volatility, or due 

to supply and/or internal disturbances (Purvis et al., 2016). 

 
4.4 Supply chain collaboration 

With increased competition and a turbulent business environment, more and more firms 

(and their supply chains) have started collaborating to reap greater benefits of operations. 

The fundamental reason supporting collaboration is that a single company cannot 

successfully compete by itself and therefore, collaboration involves joint ownership of 

decisions and collective responsibility for outcomes (Min et al., 2005; Gray, 1991). A 

high level of collaboration across supply chains can significantly help reduce disruptions 

(Christopher & Peck, 2004). The perspective of supply chain collaboration enables the 

supply chain partners to extract more relational rents for their own competitive advantage 

(Cao & Zhang, 2011). As a result, collaborating supply chain partners will ensure supply 

chain efficiency for their mutual benefit. Through collaboration, supply chain partners 

can work effectively with other supply chain entities and reduce vulnerabilities 

(Tukamuhabwa et al., 2015). Since reducing vulnerabilities is one of the fundamental 

aspects of a resilient supply chain, supply chain collaboration can be a useful strategy for 

ensuring a resilient supply chain. Supply chain collaboration as a strategy to address 

disruptions has been repeatedly stressed in the extant literature (Leat & Revoredo-Giha, 

2013; Pettit et al., 2010, 2013; Ponis & Koronis, 2012; Ponomarov & Holocomb, 2009). 

Since resilience is key to addressing and mitigating disruptions in a supply chain, supply 

chain collaboration was considered to be an important strategy to achieve supply chain 

resiliency. 

 
4.5 Knowledge management across supply chain 

One of the fundamentals for success of supply chain collaboration is effective sharing of 

knowledge and information across the different entities of the supply chain (Christopher 

& Peck, 2004; Jüttner & Maklan, 2011). As supply chains have become more and more 

complex in nature, the difficulty in managing them has increased exponentially, resulting 

in an increased susceptibility to vulnerability. It has been observed that managers often 

do not have sufficient knowledge to address various issues within the supply chain. Lack 

of knowledge/information sharing is still a significant roadblock towards efficient 

functioning of a supply chain (Baily & Francis, 2008; Kong & Li, 2008). One of the 

avenues to address supply chain vulnerabilities is enabling the exchange of information 

among the members of that supply chain community (Christopher & Peck, 2004). 

Effective management and sharing of information/knowledge can enable the supply chain 

to be ready for any disruptive event through increased supply chain visibility, and 

therefore improvement in event detection and the organization’s reaction (Jüttner & 

Maklan 2011; Manuj & Mentzer 2008). This makes knowledge sharing an important 
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strategy for creating a resilient supply chain. Furthermore, Li et al. (2006) observed that 

if the information is shared downstream in a timely fashion, then disruptions upstream 

can be avoided or mitigated. Therefore, knowledge and understanding of supply chain 

structures, coupled with proper knowledge management and sharing can underpin a 

supply network’s resilience (Choi & Hong, 2002; Scholten et al., 2014). On the contrary, 

failure to share information/knowledge among the intra and inter supply chain entities 

might lead to supply chain opacity, leading to compromised resiliency of the supply 

chain. 

 
4.6 Inventory management 

As mentioned earlier, injecting redundancy into supply chains can be used by 

organizations as a resiliency strategy. One way to increase supply chain redundancy is 

through inventory redundancy (Barroso et al., 2010).  Barroso et al. (2010) further argued 

that building redundant inventory in supply chains can go a long way in maintaining 

continuous operation of the supply chains, thereby combating any possible disruption. 

Additionally, research has also shown that holding excess inventory is as an important 

strategy to maintain supply chain resiliency (McKinnon, 2014; Ole-Hohenstein et al. 

2015). Boone et al. (2013) mentioned that the strategic alignment of inventory plays a 

very important role in achieving supply chain resiliency, an argument that supported the 

findings of Carvalho & Cruz-Machado (2011). Therefore, with subsequent discussions 

with the subject matter experts, it was decided to include this as a strategy for achieving 

supply chain resiliency. 

 
4.7 Appropriate supplier selection 

Since suppliers can be considered one of the major sources of external disruption in 

modern supply chains, appropriate selection of suppliers requires factoring in resiliency 

of the supply chains (Rajesh & Ravi, 2015). Supplier selection is a process through which 

an organization identifies and evaluates its vendors with the objective of signing a 

possible contract (Mital et al., 2018). Supplier selection often forms the backbone of 

successful supply chains and therefore, organizations need to pay careful attention to the 

supplier selection process. Proper selection of suppliers can enable an organization to 

achieve unprecedented success, while poor selection of suppliers can lead to failure 

(Rahman & Haldar, 2018). Effective selection of suppliers can aid an organization in 

building a resilient supply chain, which can lead to a reduction in disruptions and 

vulnerability (Hosseini & Khaled, 2016; Parkouhi & Ghadikolaei, 2017). It can also 

support a supply chain to successfully combat any disruption and even bounce back from 

it. Additionally, effective supplier selection can aid in financial stability, business 

continuity, supply chain reliability, and quality, among others (Tukamuhabwa et al., 

2015). Figure 1 exhibits the overall hierarchical structure of the supply chain resiliency 

strategies. 
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Figure 1 Basic AHP structure for the resiliency strategies 

 

 

6. Using Fuzzy AHP to prioritize supply chain resiliency strategies 

The current study applies the following steps as a part of the F-AHP analysis which are 

adapted and modified from the study conducted by Badri & Abdulla (2004) and Ayhan 

(2013). The steps involved are as follows: 

 

1. Defining the problem/objective of the study (in the context of the current study, it was 

ranking the important strategies associated with supply chain resiliency).  

2. Identifying the attributes for supply chain resiliency and structuring the AHP hierarchy 

(Figure). 

3. Constructing a pairwise comparison matrix of the attributes with the objective of 

determining their impact on the overall object of the study. 

4. Identifying the experts for comparing the identified strategies’ criteria or alternatives in 

order to obtain pairwise judgments among the identified attributes in step 2; since there 

was more than one expert, preferences of each experts are averaged. 

5. Calculating the geometric mean of the fuzzy comparison values of each criterion 

following the method adapted by Buckley (1985). 

6. Determining the fuzzy weights of each of the criterion and calculating the vector 

summation of the triangular values.  

7. Calculating the inverse (-1) power of the summation vector and replacing the fuzzy 

triangular number, to make it in an increasing order. 

8. Determining the fuzzy weight of criterion and multiplying each with this reverse 

vector. 

9. Based on the survey responses, prioritized weights of the identified attributes are 

obtained and consistency among the judgments tested. 

10. Determine the final prioritized set of attributes related to the overall objective of the 

study and chose the best alternative among a portfolio of alternatives 
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The first step of the survey consisted of designing the AHP hierarchy as exhibited in 

Figure 1. Once the AHP structure was determined, the next step consisted of experts 

comparing the identified strategies to determine their relative criticality. The scale used in 

the questionnaire was the AHP scale provided in Table 1. Also, although mentioned 

earlier, it would be worthwhile to reiterate that though the standard AHP scales were used 

in the survey, the data was subsequently converted to the Fuzzy triangular scale (refer 

Table 1) before analysis, in order to facilitate the Fuzzy AHP calculations. The identified 

strategies were compared to the overall objective of the study. Table 2 shows the pairwise 

comparison matrix of the identified supply chain resiliency strategies as provided by one 

of the respondents
2
.  

 

Table 2 

Pairwise comparison of the resiliency strategies 

 

 Visibility Agility Collaboration Redundancy Supplier 

Selection 

Inventory KM/KS 

Visibility (1.1.1) (1/4,1/3,1/2) (6,7,8) (4,5,6) (6,7,8) (4,5,6) (6,7,8) 

Agility (2,3,4) (1.1.1) (2,3,4) (4,5,6) (6,7,8) (6,7,8) (7,8,9) 

Collaboration (1/8,1/7,1/6) (1/4,1/3,1/2) (1,1,1) (4,5,6) (6,7,8) (4,5,6) (5,6,7) 

Redundancy (1/6,1/5,1/4) (1/6,1/5,1/4) (1/6,1/5,1/4) (1,1,1) (2,3,4) (1,1,1) (2,3,4) 

Supplier 

Selection 

(1/8,1/7,1/6) (1/8,1/7,1/6) (1/8,1/7,1/6) (1/4,1/3,1/2) (1,1,1) (1/6,1/5,1/4) (3,4,5) 

Inventory (1/6,1/5,1/4) (1/8,1/7,1/6) (1/6,1/5,1/4) (1,1,1) (4,5,6) (1,1,1) (4,5,6) 

KM/KS (1/8,1/7,1/6) (1/9,1/8,1/7) (1/7,1/6,1/5) (1/4,1/3,1/2) (1/5,1/4,1/3) (1/6,1/5,1/4) (1,1,1) 

 

After the initial prioritization of the identified strategies, the next step was to determine 

the geometric mean of the fuzzy comparison value for each of the strategies. The 

geometric mean is calculated using Equation 1: 

 

rĩ =  [∏ x̃ij

n

j=1

]

1
n

                                                                                 (1) 

Where, 

rĩ = Geometric mean 

x̃ij = Weights of the attributes and or sub − attributes  

n = Number of attributes / sub-attributes 

 

Calculating the geometric means was followed by the fuzzy weights of the attributes, 

which is subsequently followed by de-fuzzying and normalizing the weights. The fuzzy 

weights were determined by multiplying the geometric mean (rĩ) with the reverse Fuzzy 

Triangular Numbers (FTNs), arranged in ascending order, as illustrated in Equation 2. 

                                                           
2
 It should be noted here that Tables 2 & 3 exhibit the results of one of the respondents out of the 

23 respondents surveyed. The primary reason for this is that the AHP response matrix for all the 

respondents surveyed has the same structure with different values. The final table (Table 4) 

exhibiting the final, prioritized values, is an average of all the survey responses. 
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wi =  r̃i  ⊗ (r̃1 ⊕ r̃2 ⊕ … … . .⊕ r̃n)−1 = (aw, bw, cw)                                      (2) 

 

The determined fuzzy weights were then subsequently de-fuzzied and normalized, 

thereby accounting for the final set of attribute and sub-attribute weights
3
. The findings 

have been provided in Table 3. 

 

Table 3 

Geometric mean and normalized weights of the resiliency strategies 

 

 Geometric Mean (rĩ) Fuzzy weights (wi) Mi Ni 

 

Visibility 2.63 3.12 2.63 0.255 0.325 0.331 0.304 0.259 

 

Agility 3.28 4.05 4.77 0.318 0.421 0.601 0.447 0.380 

 

Collaboration 1.47 1.75 2.08 0.143 0.182 0.262 0.196 0.167 

Redundancy 0.57 0.69 0.82 0.055 0.071 0.103 0.077 0.065 

Supplier Selection 0.30 0.36 0.43 0.030 0.037 0.055 0.041 0.034 

Inventory 0.66 0.76 0.87 0.064 0.079 0.110 0.084 0.072 

KM/KS 0.21 0.24 0.30 0.020 0.025 0.037 0.028 0.023 

Total 
7.95 9.60 10.30 

     

Inverse (power of -

1) 
0.126 0.104 0.097 

     

Increasing order 
0.097 0.104 0.126 

     

Mi = Non-fuzzy weights and Ni = Normalized weights  

Table 3 provides the prioritized weights of the identified strategies to achieve supply 

chain resiliency. As mentioned earlier, this is the response of one of the 23 experts 

surveyed as a part of this research project since the AHP response matrix is the same 

across all the respondents, but with different values. Table 4 details the average of all the 

experts surveyed as a part of the study along with the rankings of the strategies.   

 

  

                                                           
3
 For a detailed explanation of the Fuzzy AHP process and the Fuzzy Triangular Distribution 

please refer to Ayhan (2013) and Singh and Prasher (2019). 
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Table 4 

Ranking of the resiliency strategies along with their normalized weights over the entire 

set of respondents (N=23) 

 

Resiliency strategies Mean normalized weights Rank 

Agility 0.346 1 

Visibility 0.277 2 

Collaboration 0.175 3 

Inventory management 0.078 4 

Redundancy 0.072 5 

Supplier selection 0.031 6 

Knowledge management/sharing 0.021 7 

 

Finally, it’s necessary to mention that although the AHP structure exhibited in Figure 1 

includes the alternatives, as the current study intends to prioritize the resiliency strategies, 

the last level of the hierarchy (the alternatives – supplier 1, 2 & 3) was considered to be 

beyond the scope of the current study and therefore was omitted. Additionally, it should 

also be mentioned that following the methodology suggested by Leung and Cao (2000a, 

2000b), a consistency test for the pairwise judgments was performed and consistencies 

were within the permissible limits. The following section provides a detailed discussion 

of the findings.  

 

 

7. Results and findings 

The results provide a glimpse into the supply chain resiliency attitudes in the Indian 

context. It was found that there are similarities as well as contrasts with the global 

context. While the highest weights for Agility and Visibility were in line with the global 

research, a low value for Knowledge Management was in contrast with the global 

research. The top three resiliency strategies identified were Agility, Visibility, and 

Collaboration, contributing towards nearly 0.80 of the attribute weights. The highest 

weight was for Agility (0.37), which is consistent with the understanding that agile 

supply chains are also agile during external shocks, making them more resilient. This is 

consistent with the findings of Wieland & Wallenburg (2013) who discuss agility from 

the customer care perspective while adding robustness as a measure for agility of supply 

chains. The second highest attribute weight was for Supply Chain Visibility (0.28). This 

is consistent with the findings of Brandon‐Jones et al. (2014) whose confirmatory factor 

analysis study found factor loading of 0.90 for inventory-based visibility and 0.73 for 

demand-based visibility covering 264 different organizations. Collaboration was the third 

highest weighted attribute with a weight of 0.18; this is also consistent with the 

qualitative research work done by Scholten & Schilder (2015). Inventory management 

(0.08) and Redundancy (0.07) have a minor share in attribute weights, which are in line 

with the global literature. However, the low weights for knowledge management/sharing 

(0.02) contrast the Indian context with global context (Li et al., 2006; Scholten et al., 

2014). Overall, the authors found that if a supply chain focuses upon Agility, Visibility, 

and Collaboration during normal phases, it can be considered a resilient supply chain 

during disruptive phases and will be able to cope with the negative externalities. 
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MCDM and F-AHP have been used extensively in various aspects of supply chain 

management e.g. facility location, supplier selection, quality control etc. However, 

research using F-AHP on resiliency strategies are relatively sparse. Through this study, 

the authors intend to provide inroads for F-AHP and other MCDM techniques into the 

area of supply chain resiliency. This is of critical importance considering the current 

global economic trade volatility where changing business scenarios guided by cut-throat 

competition and continuous uncertainties have made decision-making an extremely 

complex and confusing process.  

 

Further, the decision-making process in organizations has stretched its boundaries from 

being just economic in nature to including a plethora of non-economic factors of business 

operations. As a result, MCDM has started playing a huge role in current day decision 

making. The current study, using supply chain resiliency strategies as an illustrative 

example, attests to the importance of MCDM (and F-AHP) in the business decision-

making process.   

 

 

8. Limitations of the current study  

While F-AHP is a robust tool for relative importance, the consistency index remains an 

issue for large groups of data, grouped data sets or an attribute matrix size of more than 4 

(Saaty, 1990; 1994). However, our study used data points where consistency ratios were 

less than 0.20, and hence is within the control limits considering the data size of 23 for a 

seven-attribute comparison matrix. This is also in line with the recommendation of 

Wedley (1993) where 0.2 or less is acceptable for large attribute matrix sizes. A 

comparison of F-AHP and F-TOPSIS for supplier selection for an automotive company 

by Junior et al. (2014) also uses a CI of less than 0.20 considering it under control limits. 

Further, in other areas of research, Ho et al.’s (2005) study of property-specific attributes 

for office building quality uses a tolerance range of 0.1 to 0.2 for CI when having a large 

data size. In addition, the consistency is also aligned with other similar studies in the area 

of supply chain management by Adebanjo et al. (2016), Büyüközkan et al. (2011), 

Kahraman et al. (2003), Kilincci & Onal (2011), Yadav & Sharma (2015), and Singh & 

Prasher (2019). 

 

This makes the result and outcome of the study more robust, but at the same time it also 

means that a few of the samples have been left out thereby reducing the number of 

responses. Further, the study focuses on identifying resiliency attributes for a supply 

chain, however, the resiliency varies based on the criticality and type of disruptions. The 

current research analyzes the information procured from various industry experts based 

on their experience in their respective sectors; this can be done at the sectorial level. 

 

 

9. Conclusion and further research  

The authors have identified the relative importance for various supply chain resiliency 

attributes, thereby providing managers with specific strategic areas in which to work for 

improvement. Improvements regarding Agility, Visibility, and Collaboration have 

already been incorporated by most supply chains to improve efficiency and other 
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production-based indicators. The study provides a new dimension by further emphasizing 

these attributes from the resiliency perspective. This will allow firms or supply chains to 

work better during disruptions and might lead to improved market share. Hence, the 

study should not only be seen as a research work analyzing relative importance, but also 

as a way of identifying how resilient the existing supply chains are when they have 

already focused on the above-discussed attributes. 

 

This study has considered only the Indian pharmaceutical industrial sector and has 

discussed disruptions without typology or criticality of the disruptions. Further research 

can be done for supply chains of other industrial sectors with industry-based supply chain 

resiliency measures. Also, industries can be studied for resiliency strategies based on the 

disruption typology and geographic differences while keeping the attributes unchanged. 

 

  



IJAHP Article: Ganguly, Kumar /Evaluating supply chain resiliency strategies in the Indian 

pharmaceutical sector: a fuzzy Analytical Hierarchy Process (F-AHP) approach 

 

 
 
 

International Journal of the 

Analytic Hierarchy Process 

172 Vol. 11 Issue 2 2019 

ISSN 1936-6744 
https://doi.org/10.13033/ijahp.v11i2.620 

 

REFERENCES 

 

Adebanjo, D., Laosirihongthong, T., & Samaranayake, P. (2016). Prioritizing lean supply 

chain management initiatives in healthcare service operations: a fuzzy AHP approach. 

Production Planning & Control, 27(12), 953–966. Doi: 

https://doi.org/10.1080/09537287.2016.1164909 

Ambulkar, S., Blackhurst, J., & Grawe, S. (2015). Firm's resilience to supply chain 

disruptions: Scale development and empirical examination. Journal of Operations 

Management, 33, 111-122. Doi: https://doi.org/10.1016/j.jom.2014.11.002 

Athreye, S., Kale, D., & Ramani, S. V. (2009). Experimentation with strategy and the 

evolution of dynamic capability in the Indian pharmaceutical sector. Industrial and 

Corporate Change, 18(4), 729-759. Doi: https://doi.org/10.1093/icc/dtp024 

Ayhan, M. B. (2013). A Fuzzy AHP approach for supplier selection problem: A case 

study in a gear motor company. International Journal of Managing Value and Supply 

Chains (IJMVSC), 4(3), 11-23. Doi: https://doi.org/10.5121/ijmvsc.2013.4302 

Badri, M. A., & Abdulla, M. H. (2004). Awards of excellence in institutions of higher 

education: an AHP approach. International Journal of Educational Management, 18(4), 

224-242. Doi: https://doi.org/10.1108/09513540410538813 

Balli, S., & Korukoğlu, S. (2009). Operating system selection using fuzzy AHP and 

TOPSIS methods. Mathematical and Computational Applications, 14(2), 119-130. Doi: 

https://doi.org/10.3390/mca14020119 

Barroso, A. P., Machado, V. H., Barros, A. R., & Machado, V. C. (2010). Toward a 

resilient supply chain with supply disturbances. Paper presented at the IEEE 

International Conference on Industrial Engineering and Engineering Management 

(IEEM), Macao, China. Doi: https://doi.org/10.1109/ieem.2010.5674462 

Boone, C. A., Craighead, C. W., Hanna, J. B., & Nair, A. (2013). Implementation of a 

system approach for enhanced supply chain continuity and resiliency: A longitudinal 

study. Journal of Business Logistics, 34(3), 222-235. Doi: 

https://doi.org/10.1111/jbl.12021 

Brandon‐Jones, E., Squire, B., Autry, C. W., & Petersen, K. J. (2014). A contingent 

resource‐based perspective of supply chain resilience and robustness. Journal of Supply 

Chain Management, 50(3), 55-73. Doi: https://doi.org/10.1080/09537287.2012.666861 

Buckley, J. J., (1985). Fuzzy hierarchical analysis. Fuzzy Sets and Systems, 17(1), 233–

247. Doi: https://doi.org/10.1016/0165-0114(85)90090-9 

Buckley, J. J. (1990). Fuzzy eigenvalues and input-output analysis. Fuzzy Sets and 

Systems, 34(2), 187-195. Doi: https://doi.org/10.1016/0165-0114(90)90158-3 

Buckley, J. J. (1992). Solving fuzzy equations in economics and finance. Fuzzy Sets and 

Systems, 48(3), 289-296. Doi: https://doi.org/10.1016/0165-0114(92)90344-4 

Buckley, J. J. (1995). Joint solution to fuzzy programming problems. Fuzzy Sets and 

Systems, 72(2), 215-220. Doi: https://doi.org/10.1016/0165-0114(94)00353-9 

https://doi.org/10.1016/0165-0114(92)90344-4


IJAHP Article: Ganguly, Kumar /Evaluating supply chain resiliency strategies in the Indian 

pharmaceutical sector: a fuzzy Analytical Hierarchy Process (F-AHP) approach 

 

 
 
 

International Journal of the 

Analytic Hierarchy Process 

173 Vol. 11 Issue 2 2019 

ISSN 1936-6744 
https://doi.org/10.13033/ijahp.v11i2.620 

 

Buckley, J. J., Feuring, T., & Hayashi, Y. (2001). Fuzzy hierarchical analysis revisited. 

European Journal of Operational Research, 129(1), 48-64. Doi: 

https://doi.org/10.1016/s0377-2217(99)00405-1 

Büyüközkan, G., Çifçi, G., & Güleryüz, S. (2011). Strategic analysis of healthcare 

service quality using fuzzy AHP methodology. Expert Systems with Applications, 38(8), 

9047-9424. Doi: https://doi.org/10.1016/j.eswa.2011.01.103 

Cao, M., & Zhang, Q. (2011). Supply chain collaboration: Impact on collaborative 

advantage and firm performance. Journal of Operations Management, 29(3), 163-180. 

Doi: https://doi.org/10.1016/j.jom.2010.12.008 

Carvalho, H. & Cruz-Machado, V. (2011). Integrating lean, agile, resilience and green 

paradigms in supply chain management (LARG_SCM). In Pengzhong Li (Ed.) Supply 

chain management. Doi: https://doi.org/10.5772/14592 

Carvalho, H., Cruz-Machado, V., & Tavares, J. G. (2012). A mapping framework for 

assessing supply chain resilience. International Journal of Logistics Systems and 

Management, 12(3), 354-373. Doi: https://doi.org/10.1504/ijlsm.2012.047606 

Chen, J. K., & Yuan, B. J. (2013). Adopting AHP approach on evaluation and selection 

of outsourcing destination in East and Southeast Asia. Technology Management in the IT-

Driven Services (PICMET), 2013 Proceedings of PICMET’13, 528–537.  

Chittoor, R., & Ray, S. (2007). Internationalization paths of Indian pharmaceutical 

firms—A strategic group analysis. Journal of International Management, 13(3), 338-355. 

Doi: https://doi.org/10.1016/j.intman.2007.05.008 

Cho, H., Jung, M. & Kim, M. (1996). Enabling technologies of agile manufacturing and 

its related activities in Korea, Computers and Industrial Engineering, 30(3), 323-334. 

Doi: https://doi.org/10.1016/0360-8352(96)00001-0 

Choi, T. Y. & Hong, Y. (2002). Unveiling the structure of supply networks: case studies 

in Honda, Acura, and Daimler Chrysler. Journal of Operations Management, 20(5), 469-

493. Doi: https://doi.org/10.1016/s0272-6963(02)00025-6 

Chowdhury, M. M. H., & Quaddus, M. A. (2015). A multiple objective optimization 

based QFD approach for efficient resilient strategies to mitigate supply chain 

vulnerabilities: The case of garment industry of Bangladesh, Omega, 57, 5–21. Doi: 

https://doi.org/10.1016/j.omega.2015.05.016 

Christopher, M., & Peck, H. (2004). Building the resilient supply chain. International 

Journal of Logistics Management, 15(2), 1-14. Doi: 

https://doi.org/10.1108/09574090410700275 

Christopher, M., & Holweg, M. (2011). Supply Chain 2.0: Managing supply chains in the 

era of turbulence. International Journal of Physical Distribution & Logistics 

Management, 41(1), 63-82. Doi: https://doi.org/10.1108/09600031111101439 

Clapham Jr., W. B. (1971). Natural Ecosystems. Macmillan, New York, NY. 



IJAHP Article: Ganguly, Kumar /Evaluating supply chain resiliency strategies in the Indian 

pharmaceutical sector: a fuzzy Analytical Hierarchy Process (F-AHP) approach 

 

 
 
 

International Journal of the 

Analytic Hierarchy Process 

174 Vol. 11 Issue 2 2019 

ISSN 1936-6744 
https://doi.org/10.13033/ijahp.v11i2.620 

 

Dong, Q., & Cooper, O. (2016). An orders-of-magnitude AHP supply chain risk 

assessment framework. International Journal of Production Economics, 182, 144–156. 

Doi: https://doi.org/10.1016/j.ijpe.2016.08.021 

Erol, O., Sauser, B., & Mansouri, M. (2010). A framework for investigation into 

extended enterprise resilience. Enterprise Information Systems, 4(2), 111–136. Doi: 

https://doi.org/10.1080/17517570903474304 

Ertuğrul, İ., & Karakaşoğlu, N. (2008). Comparison of fuzzy AHP and fuzzy TOPSIS 

methods for facility location selection. The International Journal of Advanced 

Manufacturing Technology, 39(7-8), 783-795. Doi: https://doi.org/10.1007/s00170-007-

1249-8 

Ganguly, A., & Merino, D. N. (2015). An integrated AHP-QFD approach for evaluating 

competing technological processes. International Journal of the Analytic Hierarchy 

Process, 7(3), 539-559. Doi: https://doi.org/10.13033/ijahp.v7i3.315 

Ganguly, A., Chatterjee, D., & Rao, H. V. (2017). Evaluating the risks associated with 

supply chain agility of an enterprise. International Journal of Business Analytics 

(IJBAN), 4(3), 15-34. Doi: https://doi.org/10.4018/ijban.2017070102 

Ganguly, A., Chatterjee, D., & Talukdar, A. (2018a). Knowledge sharing barriers 

affecting pharmaceutical supply chain performance. In Szmelter A. (Ed.) Global supply 

chains in the pharmaceutical industry. IGI Global (Accepted, in press) Doi: 

https://doi.org/10.4018/978-1-5225-5921-4.ch012 

Ganguly, A., Chatterjee, D., & Rao, H. (2018b). The role of resiliency in managing 

supply chains disruptions. In Y. Khojasteh (Ed.), Supply chain risk management: 

advanced tools, models and developments (237-251) Singapore: Springer. Doi: 

https://doi.org/10.1007/978-981-10-4106-8_14 

Ghasemzadeh, F., Pishdar, M., & Antuchevičienė, J. (2017). Prioritization of petroleum 

supply chains’ disruption management strategies using combined framework of BSC 

approach, fuzzy AHP and fuzzy Choquet integral operator. Journal of Business 

Economics and Management, 18(5), 897–919. Doi: 

https://doi.org/10.3846/16111699.2017.1380075 

Glickman, T. S., & White, S. C. (2006). Security, visibility and resilience: the keys to 

mitigating supply chain vulnerabilities. International Journal of Logistics Systems and 

Management, 2(2), 107-119. Doi: https://doi.org/10.1504/ijlsm.2006.009554 

Grace, C. (2004). The effect of changing intellectual property on pharmaceutical industry 

prospects in India and China. DFID Health Systems Resource Centre, 1-68.  

Gray, B. (1991). Collaborating: Finding Common Ground for Multiparty Problems, 1st 

Edition. San Francisco, USA: Jossey-Bass. 

Gunasekaran, A. (1999). Agile manufacturing: A framework for research and 

development. International Journal of Production Economics, 62(1-2), 87-105.  

Haimes, Y. Y. (2006). On the definition of vulnerabilities in measuring risks to 

infrastructures. Risk Analysis: An International Journal, 26(2), 293-296. Doi: 

https://doi.org/10.1111/j.1539-6924.2006.00755.x 



IJAHP Article: Ganguly, Kumar /Evaluating supply chain resiliency strategies in the Indian 

pharmaceutical sector: a fuzzy Analytical Hierarchy Process (F-AHP) approach 

 

 
 
 

International Journal of the 

Analytic Hierarchy Process 

175 Vol. 11 Issue 2 2019 

ISSN 1936-6744 
https://doi.org/10.13033/ijahp.v11i2.620 

 

Hamel, G., & Välikangas, L. (2003). The quest for resilience. Harvard Business Review, 

81(9), 52-65.  

Ho, D., Newell, G., & Walker, A. (2005). The importance of property-specific attributes 

in assessing CBD office building quality. Journal of Property Investment & 

Finance, 23(5), 424-444. Doi: https://doi.org/10.1108/14635780510616025 

Ho, W., Zheng, T., Yildiz, H., & Talluri, S. (2015). Supply chain risk management: a 

literature review. International Journal of Production Research, 53(16), 5031–5069. Doi: 

https://doi.org/10.1080/00207543.2015.1030467 

Holling, C. S. (1973). Resilience and stability of ecological systems. Annual Review of 

Ecology and Systematics, 4, 1-23. 

Hosseini, S. & Khaled, A. A. (2016).  A hybrid ensemble and AHP approach for resilient 

supplier selection. Journal of Intelligent Manufacturing, 30(1), 2017-228. Doi: 

https://doi.org/10.1007/s10845-016-1241-y 

Hughes, W. R. (2009). A statistical framework for strategic decision making with AHP: 

Probability assessment and Bayesian revision. Omega, 37(2), 463-470. Doi: 

https://doi.org/10.1016/j.omega.2007.07.002 

Junior, F. R. L., Osiro, L., & Carpinetti, L. C. R. (2014). A comparison between Fuzzy 

AHP and Fuzzy TOPSIS methods to supplier selection. Applied Soft Computing, 21, 194-

209. Doi: https://doi.org/10.1016/j.asoc.2014.03.014 

Jüttner, U., & Maklan, S. (2011). Supply chain resilience in the global financial crisis: an 

empirical study. Supply Chain Management: An International Journal, 16(4), 246-259.  

Doi: https://doi.org/10.1108/13598541111139062 

Kahraman, C., Cebeci, U., & Ulukan, Z. (2003). Multi-criteria supplier selection using 

fuzzy AHP. Logistics Information Management, 16(6), 382–394. 

Kahraman, C. (2018). A brief literature review for fuzzy AHP. International Journal of 

the Analytic Hierarchy Process, 10(2), 293-297. Doi: 

https://doi.org/10.1108/09576050310503367 

Kale, D., & Little, S. (2007). From imitation to innovation: The evolution of R&D 

capabilities and learning processes in the Indian pharmaceutical industry. Technology 

Analysis & Strategic Management, 19(5), 89-609. Doi: 

https://doi.org/10.1080/09537320701521317 

Kar, A. K., & K. Pani, A. (2014). Exploring the importance of different supplier selection 

criteria. Management Research Review, 37(1), 89-105. Doi: https://doi.org/10.1108/mrr-

10-2012-0230 

Kilincci, O., & Onal, S. A. (2011). Fuzzy AHP approach for supplier selection in a 

washing machine company. Expert Systems with Applications, 38(8), 9656-9664. Doi: 

https://doi.org/10.1016/j.eswa.2011.01.159 

Kochan, C. G., & Nowicki, D. R. (2018). Supply chain resilience: a systematic literature 

review and typological framework. International Journal of Physical Distribution & 



IJAHP Article: Ganguly, Kumar /Evaluating supply chain resiliency strategies in the Indian 

pharmaceutical sector: a fuzzy Analytical Hierarchy Process (F-AHP) approach 

 

 
 
 

International Journal of the 

Analytic Hierarchy Process 

176 Vol. 11 Issue 2 2019 

ISSN 1936-6744 
https://doi.org/10.13033/ijahp.v11i2.620 

 

Logistics Management, 48(8), 842-865. Doi: https://doi.org/10.1108/ijpdlm-02-2017-

0099 

Kong, X Y., & Li, Y X. (2008). Creating the resilient supply chain: The role of 

knowledge management resources. Paper presented at the 4th International Conference 

on Wireless Communications, Networking and Mobile Computing (WiCOM'08), 12 - 17 

October, Dalian, China. Doi: https://doi.org/10.1109/wicom.2008.1617 

Kraft, T., Valdés, L., & Zheng, Y. (2018). Supply chain visibility and social 

responsibility: Investigating consumers’ behaviors and motives. Manufacturing & 

Service Operations Management, 20(4), 617-636. Doi: 

https://doi.org/10.1287/msom.2017.0685 

Leat, P., & Revoredo-Giha, C. (2013). Risk and resilience in agri-food supply chains: the 

case of the ASDA PorkLink supply chain in Scotland. Supply Chain Management: An 

International Journal, 18(2), 219-231. Doi: https://doi.org/10.1108/13598541311318845 

Leung, L. C., & Cao, D. (2000a). On consistency and ranking of alternatives in fuzzy 

AHP. European Journal of Operational Research, 124(1), 102–113. Doi: 

https://doi.org/10.1016/s0377-2217(99)00118-6 

Leung, L. C., & Cao, D. (2000b). On consistency and ranking of alternatives in fuzzy 

AHP. European Journal of Operational Research, 124(1), 102-113. 

Longo, F., and Oren, T. (2008). Supply chain vulnerability and resilience: a state of the 

art overview. Proceedings of European Modeling & Simulation Symposium, edited by 

Campora S. Giovanni, September 17–19, Italy. 

López, C., & Ishizaka, A. (2017). A hybrid FCM-AHP approach to predict impacts of 

offshore outsourcing location decisions on supply chain resilience. Journal of Business 

Research, (Accepted, in press). Doi: 10.1016/j.jbusres.2017.09.050 

Mangla, S. K., Kumar, P., & Barua, M. K. (2015). Risk analysis in green supply chain 

using fuzzy AHP approach: A case study. Resources, Conservation and Recycling, 104, 

375–390. Doi: https://doi.org/10.1016/j.resconrec.2015.01.001 

Manuj, I., & Mentzer, J. (2008). Global supply chain risk management. Journal of 

Business Logistics, 29(1), 133–155. Doi: https://doi.org/10.1002/j.2158-

1592.2008.tb00072.x 

Mardani, A., Jusoh, A., Nor, K., Khalifah, Z., Zakwan, N., & Valipour, A. (2015). 

Multiple criteria decision-making techniques and their applications–a review of the 

literature from 2000 to 2014. Economic Research-Ekonomska Istraživanja, 28(1), 516–

571. Doi: https://doi.org/10.1080/1331677x.2015.1075139 

Mascaritolo, J., & Holcomb, M. C. (2008). Moving towards a resilient supply 

chain. Journal of Transportation Management, 19(2), 71-83. 

McKinnon, A. (2014). Building supply chain resilience: a review of challenges and 

strategies Report for the Joint APEC – ITF Supply Chain Resilience Workshop. 

Christchurch, New Zealand. Doi: https://doi.org/10.1787/5jrw2z6nnxlq-en 

https://doi.org/10.1287/msom.2017.0685


IJAHP Article: Ganguly, Kumar /Evaluating supply chain resiliency strategies in the Indian 

pharmaceutical sector: a fuzzy Analytical Hierarchy Process (F-AHP) approach 

 

 
 
 

International Journal of the 

Analytic Hierarchy Process 

177 Vol. 11 Issue 2 2019 

ISSN 1936-6744 
https://doi.org/10.13033/ijahp.v11i2.620 

 

Min, S., Roath, A. S., Daugherty, P. J., Genchev, S. E., Chen, H., Arndt, A. D., & Richey, 

R. G. (2005). Supply chain collaboration: what's happening? International Journal of 

Logistics Management, 16(2), 237-256. Doi: 

https://doi.org/10.1108/09574090510634539 

Mital, M., Del Guidice, M., & Papa, A. (2018). Comparing supply chain risks for 

multiple product categories with cognitive mapping and Analytic Hierarchy 

Process. Technological Forecasting and Social Change, 131, 159-170. Doi: 

https://doi.org/10.1016/j.techfore.2017.05.036 

Narayana, S. A., Pati, R. K., & Vrat, P. (2014). Managerial research on the 

pharmaceutical supply chain–A critical review and some insights for future directions. 

Journal of Purchasing and Supply Management, 20(1), 18-40. Doi: 

https://doi.org/10.1016/j.pursup.2013.09.001 

Nieto-Morote, A., & Ruz-Vila, F. (2011). A fuzzy approach to construction project risk 

assessment. International Journal of Project Management, 29(2), 220-231. Doi: 

https://doi.org/10.1016/j.ijproman.2010.02.002 

Ole-Hohenstein, N., Feisel, E., Hartmann, E., & Giunipero, L. (2015). Research on the 

phenomenon of supply chain resilience: a systematic review and paths for further 

investigation. International Journal of Physical Distribution & Logistics Management, 

45(1/2), 90-117. Doi: https://doi.org/10.1108/ijpdlm-05-2013-0128 

Özdağoğlu, A., & Özdağoğlu, G. (2007). Comparison of AHP and fuzzy AHP for the 

multi-criteria decision making processes with linguistic evaluations. Istanbul Commerce 

University Journal of Science and Technology, 6(11), 65-85 

Parkouhi, S. V., & Ghadikolaei, A. S. (2017). A resilience approach for supplier 

selection: Using fuzzy analytic network process and grey VIKOR techniques. Journal of 

Cleaner Production, 161, 431-451. Doi: https://doi.org/10.1016/j.jclepro.2017.04.175 

Patil, S. K., & Kant, R. (2014). A fuzzy AHP-TOPSIS framework for ranking the 

solutions of knowledge management adoption in supply chain to overcome its barriers. 

Expert Systems with Applications, 41(2), 679–693. Doi: 

https://doi.org/10.1016/j.eswa.2013.07.093 

Peck, H. (2005). Drivers of supply chain vulnerability: an integrated framework. 

International Journal of Physical Distribution & Logistics Management, 35(4), 210-232. 

Doi: https://doi.org/10.1108/09600030510599904 

Pettit, T. J., Fiksel, J., & Croxton, K. L. (2010). Ensuring supply chain resilience: 

development of a conceptual framework. Journal of Business Logistics, 31(1), 1-21. Doi: 

https://doi.org/10.1111/jbl.12009 

Pettit, T. J., Croxton, K. L., & Fiksel, J. (2013). Ensuring supply chain resilience: 

development and implementation of an assessment tool. Journal of Business Logistics, 

34(1), 46-76. Doi: https://doi.org/10.1111/jbl.12009 

Plebankiewicz, E., & Kubek, D. (2015). Multicriteria selection of the building material 

supplier using AHP and fuzzy AHP. Journal of Construction Engineering and 



IJAHP Article: Ganguly, Kumar /Evaluating supply chain resiliency strategies in the Indian 

pharmaceutical sector: a fuzzy Analytical Hierarchy Process (F-AHP) approach 

 

 
 
 

International Journal of the 

Analytic Hierarchy Process 

178 Vol. 11 Issue 2 2019 

ISSN 1936-6744 
https://doi.org/10.13033/ijahp.v11i2.620 

 

Management, 142(1), 04015057. Doi: https://doi.org/10.1061/(asce)co.1943-

7862.0001033 

Ponis, S. T., & Koronis, E. (2012). Supply chain resilience: Definition of concept and its 

formative elements. The Journal of Applied Business Research, 28(5), 921-930. Doi: 

https://doi.org/10.19030/jabr.v28i5.7234 

Ponomarov, S. Y., & Holcomb, M. C. (2009). Understanding the concept of supply chain 

resilience. The International Journal of Logistics Management, 20(1), 124-143. Doi: 

https://doi.org/10.1108/09574090910954873 

Purvis, L., Spall, S., Naim, M., & Spiegler, V. (2016). Developing a resilient supply 

chain strategy during ‘boom’ and ‘bust'. Production Planning & Control, 27(7-8), 579-

590. Doi: https://doi.org/10.1080/09537287.2016.1165306 

Rahman, M., & Haldar, S. (2018). The application of AHP method for supplier selection 

of Bangladesh’s jute industry: from the perspective of both public and private sectors 

International Journal of the Analytic Hierarchy Process, 10(2), 162-177. Doi: 

https://doi.org/10.13033/ijahp.v10i2.508 

Rajesh, R., & Ravi, V. (2015). Supplier selection in resilient supply chains: A grey 

relational analysis approach. Journal of Cleaner Production, 86, 343-359. Doi: 

https://doi.org/10.1016/j.jclepro.2014.08.054 

Rathore, R., Thakkar, J. J., & Jha, J. K. (2017). A quantitative risk assessment 

methodology and evaluation of food supply chain. The International Journal of Logistics 

Management, 28(4), 1272–1293. Doi: https://doi.org/10.1108/ijlm-08-2016-0198 

Rice, J. B., & Caniato, F. (2003). Building a secure and resilient supply network. Supply 

Chain Management Review, 7(5), 22-30. 

Saaty, T. L. (1980). The Analytical Hierarchy Process, Planning, Priority. Resource 

Allocation. Pittsburgh, PA, USA.  

Saaty, T. L. (1990). How to make a decision: The Analytic Hierarchy Process. European 

Journal of Operational Research, 48(1), 9-26. Doi: https://doi.org/10.1016/0377-

2217(90)90057-i 

Saaty, T. L. (1994). How to make a decision: The Analytic Hierarchy Process. Interfaces, 

24(6), 19-43. Doi: https://doi.org/10.1287/inte.24.6.19 

Saranga, H. (2007). Multiple objective data envelopment analysis as applied to the Indian 

Pharmaceutical Industry. Journal of the Operational Research Society, 58(11), 1480-

1493. Doi: https://doi.org/10.1057/palgrave.jors.2602280 

Scholten, K., Sharkey, P., & Fynes, S. B. (2014). Mitigation processes – antecedents for 

building supply chain resilience. Supply Chain Management: An International Journal, 

19(2), 211-228.  

Scholten, K., & Schilder, S. (2015). The role of collaboration in supply chain 

resilience. Supply Chain Management: An International Journal, 20(4), 471-484. Doi: 

https://doi.org/10.1108/scm-06-2013-0191 



IJAHP Article: Ganguly, Kumar /Evaluating supply chain resiliency strategies in the Indian 

pharmaceutical sector: a fuzzy Analytical Hierarchy Process (F-AHP) approach 

 

 
 
 

International Journal of the 

Analytic Hierarchy Process 

179 Vol. 11 Issue 2 2019 

ISSN 1936-6744 
https://doi.org/10.13033/ijahp.v11i2.620 

 

Sheffi, Y., & Rice Jr., J. B. (2005). A supply chain view of the resilient enterprise. MIT 

Sloan Management Review, 41(1), 41-48.  

Shuai, Y., Wang, X., & Zhao, L. (2011). Research on measuring method of supply chain 

resilience based on biological cell elasticity theory. In 2011 IEEE International 

Conference on Industrial Engineering and Engineering Management (IEEM), December 

6 – 9, Singapore, 264-268. Doi: https://doi.org/10.1109/ieem.2011.6117919 

Singh, A., & Prasher, A. (2019). Measuring healthcare service quality from patients’ 

perspective: using Fuzzy AHP application. Total Quality Management & Business 

Excellence, 30(3-4), 284-300. Doi: https://doi.org/10.1080/14783363.2017.1302794 

Soni, U., Jain, V., & Kumar, S. (2014). Measuring supply chain resilience using a 

deterministic modeling approach. Computers & Industrial Engineering, 74, 11-25. Doi: 

https://doi.org/10.1016/j.cie.2014.04.019 

Stoltz, P. G. (2004). Building resilience for uncertain times. Hoboken, NJ, USA: Wiley. 

Tadic, D., Gumus, A. T., Arsovski, S., Aleksic, A., & Stefanovic, M. (2013). An 

evaluation of quality goals by using fuzzy AHP and fuzzy TOPSIS methodology. Journal 

of Intelligent & Fuzzy Systems, 25(3), 547-556. Doi: https://doi.org/10.1007/978-3-319-

17906-3_22 

Tang, C. S. (2006). Robust strategies for mitigating supply chain disruptions. 

International Journal of Logistics: Research and Applications, 9(1), 33-45. Doi: 

https://doi.org/10.1080/13675560500405584 

Tang, C., and B. Tomlin. (2008). The power of flexibility for mitigating supply chain 

risks. International Journal of Production Economics, 116(1), 12–27. 

Tang, Y. C., & Lin, T. W. (2011). Application of the fuzzy analytic hierarchy process to 

the lead-free equipment selection decision. International Journal of Business and Systems 

Research, 5(1), 35. Doi: https://doi.org/10.1504/ijbsr.2011.037289 

 

Tomlin, B. (2006). On the value of mitigation and contingency strategies for managing 

supply chain disruption risks. Management Science 52(5), 639–657. Doi: 

https://doi.org/10.1287/mnsc.1060.0515 

Triantaphyllou, E., & Lin, C. T. (1996). Development and evaluation of five fuzzy 

multiattribute decision-making methods. International Journal of Approximate 

Reasoning, 14(4), 281-310. Doi: https://doi.org/10.1016/0888-613x(95)00119-2 

Tukamuhabwa, B. R., Stevenson, M., Busby, J., & Zorzini, M. (2015). Supply chain 

resilience: definition, review and theoretical foundations for further study. International 

Journal of Production Research, 53(18), 5592-5623. Doi: 

https://doi.org/10.1080/00207543.2015.1037934 

Urciuoli, L., Mohanty, S., Hintsa, J., & Boekesteijn, E. G. (2014). The resilience of 

energy supply chains: a multiple case study approach on oil and gas supply chains to 

Europe. Supply Chain Management: An International Journal, 19(1), 46-63. Doi: 

https://doi.org/10.1108/scm-09-2012-0307 

https://doi.org/10.1007/978-3-319-17906-3_22
https://doi.org/10.1007/978-3-319-17906-3_22


IJAHP Article: Ganguly, Kumar /Evaluating supply chain resiliency strategies in the Indian 

pharmaceutical sector: a fuzzy Analytical Hierarchy Process (F-AHP) approach 

 

 
 
 

International Journal of the 

Analytic Hierarchy Process 

180 Vol. 11 Issue 2 2019 

ISSN 1936-6744 
https://doi.org/10.13033/ijahp.v11i2.620 

 

Vugrin, E. D., Warren, D. E., & Ehlen, M. A. (2011). A resilience assessment framework 

for infrastructure and economic systems: Quantitative and qualitative resilience analysis 

of petrochemical supply chains to a hurricane. Process Safety Progress, 30(3), 280-290. 

Doi: https://doi.org/10.1002/prs.10437 

Wang, T.-K., Zhang, Q., Chong, H.-Y., & Wang, X. (2017). Integrated supplier selection 

framework in a resilient construction supply chain: An approach via analytic hierarchy 

process (AHP) and grey relational analysis (GRA). Sustainability, 9(2), 289. Doi: 

https://doi.org/10.3390/su9020289 

Wedley, W. C. (1993). Consistency prediction for incomplete AHP 

matrices. Mathematical and Computer Modelling, 17(4-5), 151-161. Doi: 

https://doi.org/10.1016/0895-7177(93)90183-y 

Wieland, A., & Marcus Wallenburg, C. (2013). The influence of relational competencies 

on supply chain resilience: a relational view. International Journal of Physical 

Distribution & Logistics Management, 43(4), 300-320. Doi: 

https://doi.org/10.1108/ijpdlm-08-2012-0243 

Williams, B. D., Roh, J., Tokar, T., & Swink, M. (2013). Leveraging supply chain 

visibility for responsiveness: The moderating role of internal integration. Journal of 

Operations Management, 31(7), 543-554. Doi: https://doi.org/10.1016/j.jom.2013.09.003 

Yadav, Salik R., Nishikant Mishra, Vikas Kumar, and M. K. Tiwari. (2011). A 

framework for designing robust supply chains considering product development 

issues. International Journal of Production Research, 49(20), 6065-6088. Doi: 

https://doi.org/10.1080/00207543.2010.524258 

Yadav, V., & Sharma, M. K. (2015). Multi-criteria decision making for supplier selection 

using fuzzy AHP approach. Benchmarking: An International Journal, 22(6), 1158-1174. 

Doi: https://doi.org/10.1108/bij-04-2014-0036 

Zhang, D., Dadkhah, P. & Ekwall, D. (2011). How robustness and resilience support 

security business against antagonistic threats in transport network. Journal of 

Transportation Security, 4(3), 201–219. Doi: https://doi.org/10.1007/s12198-011-0067-2 


