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ABSTRACT 


Today’s globalized, leaner and just-in-time supply chains are more vulnerable to natural and man-
made  disasters.  The  business  environment  is  continuously  varying  which  produces  risk  and  to 
manage  this  risk,  it  requires  resilience-  the  ability  to  endure,  adapt  and  nurture  in  the  face  of 
turbulent  change.  Recent  events  like  financial  crisis  and  natural  disasters  have  strongly 
demonstrated that a disruption affecting an entity anywhere in the supply chain can have a direct 
impact on an organization’s ability to continue its operations. Supply chain disruptions can arise 
from  many  sources  including  external  sources  such  as  natural  disaster  (cyclones,  earthquakes, 
tsunami’s) and internal sources such as fire at a manufacturing plant, loss of a critical supplier, 
operational contingencies and an act of terrorism, which have the potential to adversely influence 
supply  chain,  thus  leading  to  loss  in  revenue.  To  achieve  a  competitive  edge  in  an  uncertain 
business  environment  where  change  is  imperative,  one  of  the  significant  challenges  for  an 
organization is to mitigate risk by creating resilient supply chains. The quantification of resilience 
will help organizations to assess the effectiveness of various risk mitigation strategies. This will 
provide tools for managers to compare different supply chains while offering a deeper knowledge 
of how supply chain characteristics increase or decrease resilience and consequently affect supply 
chain risk exposure. Thus, it will support organizations in measuring and analyzing supply chain 
resilience and facilitate supply chain decision-making. It has been seen in literature that there is a 
critical need to enrich traditional risk management methods with the notion of resilience, that is 
better aimed to cope with uncertainties and threats. However, without understanding the enablers, 
the conceptual models and measurement approaches, supply chain resilience is simply a theoretical 
concept.  
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This work is an effort to provide firms with a holistic view of supply chain resilience including 
 analytical models and measurement approaches so as to help managers to calculate the resilience 
 levels and provide them the ability to make better decisions. This will be of significant importance 
 for academicians and industrialists. There are three distinct parts of this research. 


The first part proposes a conceptual model for demonstrating deeper knowledge of how uncertainty 
 from  suppliers,  customers  and  existing  supply  chain  structure  amplifies  vulnerability  and 
 consequently  increases  supply  chain  risk  exposure.  To  inflate  monetary  earnings,  many 
 organizations  execute  initiatives  such  as  comprehensive  reach  of  supply  chains,  amplified 
 outsourcing, shorter product life cycles, reduced buffers and centralization. These initiatives are 
 effective in stable surroundings, but they could make supply chain vulnerable to various types of 
 disruptions. The main thrust of this research is, to propose a conceptual model for providing deeper 
 knowledge  of  how  uncertainty  from  suppliers,  customers  and  existing  supply  chain  structure 
 amplifies  vulnerability  and  consequently  increases  supply  chain  risk  exposure.  It  incorporates 
 flexibility, adaptability, collaboration, visibility and sustainability as the major pillars identified 
 from  literature  for  resilient  supply  chains.  This  framework  provides  a  new  means  to  evaluate 


‘supply chain fitness’ and also provides critical insights for decision making by minimizing the 
 negative impact of unavoidable risk events. Thus it incorporates event readiness and provides an 
 efficient  response.  In  accordance  with  fitness  landscape  theory,  this  research  adopts  a  complex 
 systems perspective to view supply chain organizations and understand their capabilities. It focuses 
 on diminishing the vulnerability of supply chain systems and the ability to design systems to be 
 more resilient to change. 


This study also provides significant information to the managers for enhancing the resilience by 
improving  adaptive  capability  of  the  supply  chain  in  accordance  with  fitness  landscape  theory. 
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Fitness landscape theory and the NKC model suggest an approach to map, quantify and visualize 
 supply chain strategy formulation as a search procedure that takes place within a design space of 
 strategic possibilities, whose elements are different  amalgamations of supply chain capabilities. 


The proposed framework has great potential for providing management insight for understanding 
 the topology of a fitness landscape. This research answers the following questions, which can help 
 supply chain mangers to strengthen their strategy process. 


Strategic examination: What is their current position on the fitness landscape? 


Strategic alternative: Where to move on the landscape? 


Accomplishment: How to reach there?  


The  second  part  of  the  research  uses  graph  theory  to  establish  relationship  among  enablers  of 
supply  chain  resilience  and  proposes  a  supply  chain  resilience  index  (SCRI)  and  performs 
sensitivity analysis of the index obtained. This research proposes a model using graph theory which 
holistically considers all the major enablers of resilience and their interrelationships for analysis 
using an Interpretive Structural Modeling (ISM) approach. The uniqueness of this model lies in its 
ability to quantify resilience by a single numerical index. Supply Chain Resilience Index (SCRI) 
is a measure of a supply chain’s ability to prepare for unexpected events and respond to disruptions 
and recover from them at the same or an improved state of operations and thus includes system 
rejuvenation. If the ability of a supply chain to handle uncertain events is high then its resilience 
index should be high. This index for a system needs to take into account the value of enablers for 
the  supply  chain  resilience  and  the  degree  of  dependence  among  these  enablers.  This  research 
could transfer the ideas to other industries such as automotive and electronic, textile and oil & gas 
industry in order to test the general validity of the results. Supply chain cases from these industries 
can be compared by selecting the enabler’s specific to them, thus truly justifying the reliability of 
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the proposed SCRI. To better understand the results, sensitivity analysis of the resilience index is 
 obtained. This analysis provides exhaustive picture of the variation of resilience in relation to each 
 enabler.


 Finally,  the  third  part  deals  with  providing  the  much  needed  analytical  models  in  this 
 predominantly theoretical field. The hierarchy-based model for supply chain resilience explains 
 the dynamics between various enablers and validates the model empirically. Based on literature 
 review  and  a  survey  data  of  103  experts,  13  enablers  were  identified.  Interpretative  structural 
 modeling  (ISM)  approach  is  used  to  analyze  the  interrelationships  among  the  enablers  and 
 identifying their levels. Structural equation modeling (SEM) is used to validate the hierarchical 
 supply  chain  resilience  model  developed.  The  path  analytical  model  is  tested  using  Statistical 
 Package for Social Sciences (SPSS). The entire enablers load high on their respective constructs 
 and  the  data  provides  strong  support  to  all  hypothesized  relationships.  To  the  best  of  our 
 knowledge, this is one of the first large-scale, empirical studies on the developing dimensions of 
 supply chain resilience which contributes to theory and practice in several ways. 


The model was tested using rigorous statistical tests including convergent validity, discriminant 
validity and reliability. This delivers the holistic view of the model which depicts the relationship 
among enablers to achieve SCR. In essence, this research has resulted in systematic and practical 
approaches  for  dealing  with  different  problems  in  supply  chain  resilience.  It  has  attempted  to 
address  the  problem  that  is  of  significant  importance  to  the  industry  and  also  bridges  the  gaps 
identified from the literature. It is envisaged that this work would open possibilities for many more 
research studies in future. 
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