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Abstract- A supply chain system (SCS) faces a number of man-made and natural disasters, which result in the considerable 
economic loss. Short-life span product is the major focus of this system specifically. The satisfaction of demands 
requirements depends on the provision of protection to the networks. Therefore, high resilience was the key aspect of the 
creation of these systems to distribute and deliver products under critical conditions and within limited time, which may be 
challenging in the conditions of large scale disaster. This research introduces a mathematical model aimed at the 
improvement of SCS resilience and minimizing the economic losses. The effectiveness of the developed models is illustrated 
through a case study of a supply chain system. 
 
Index terms- Supply chain system, Resilience, Short lifespan. 
 
I. INTRODUCTION 
 
Both natural and man-made disaster may result in 
considerable human and economic losses. One of the 
most horrible disasters of the recent years, Hurricane 
Katrina, led to the creation of a landfill in the United 
States, severely damaging both property and life. The 
hurricane led to 1,836 human losses and a 
considerable economic loss − $81.2 billion (Tanner, 
2005). In 2004, a tsunami in the Indian Ocean caused 
a strong earthquake, which took a total of 186,983 
human lives and left 42,883 people missing (AP, 
2004). Since supply chain network could be damaged 
as a result of a disaster, it creates particular 
challenges for storage centers to obtain the necessary 
products. The need to improve the universal 
manufacture centers determined the need to ensure an 
effective supply chain network and resilience, which 
denotes flexibility and agility. In the last three 
decades, the use of resilience was admitted in a 
number of fields, such as psychology, engineering, 
sociology, ecology, economy, organization 
management, etc. 
 
According to research, resilience implies change. 
Therefore, this research aims at introducing the 
notion of resilience into supply chain system design, 
taking into account the connection between linked 
storages and the effect provided by this connection on 
the overall resilience of the SCS. 
 
This research discusses the concept of resilience in 
the supply chain network and recommends a 
mathematical model to assess resilience of the 
networks, which are crucial in delivering products to 
the areas exposed to disaster.Section two introduces a 
newly developed SCS resilience measure. In section 
three, Model development is demonstrated. 
Ultimately, the paper presents conclusions and 
directions for future research. 

II. LITERATURE REVIEW 
 
Within supply chain system, the resilience concept 
covers the supply chain system ability to quickly 
recover after destruction. A number of various topics 
are covered by the resilience concept, from ecology 
to such complex areas as child psychology and 
psychiatry, and to engineering systems (Little, 2003). 
In ecology, resilience implies the process of shifting 
from one domain to another, where evolution 
tolerance is developed by the system. In psychiatry, 
the concept of resilience denotes the process, through 
which a person acquires knowledge concerning how 
to be more resilient in certain situation. In material 
science, resilience means the ability of a material to 
absorb energy in case of elasticity deformation. In 
engineering, resilience is defined as the system’s 
capacity to recover to a previous state from a 
disturbance. Also, a resilient system denotes a system 
able to return to the state of balance. If the system is 
more resilient, it has numerous points of equilibrium 
(Bruneau & Reinhorn, 2007). Bruneau et al. (2003) 
describe a resilient system as capable of having 
minimized consequences from failure, decreased 
failure probability, and less time necessary for 
recovery. Dalizell and McManus (2004) specify that 
adaptive capacity and vulnerability are two major 
elements of resilience. The researchers consider 
vulnerability as the ease, which allows a person or an 
organization to shift from one stability domain to 
another, whereas adaptive capacity is considered as 
an extent, to which they are capable of dealing with 
the change. A large body of literature, which focuses 
on the definition of the resilience concept for 
infrastructures as well as quantitative assessment of 
resilience metrics, has been identified. Little (2003) 
investigates the types of failures that may be caused 
by the interdependence between enterprises and 
assumes that the occurrence of events and the ways to 
react to the disruption may be better understood 
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through the development and implementation of 
complex adaptive systems. Conducting a study in the 
area of networked infrastructures, Bruneau et al. 
(2003) recommended applying a metric to evaluate 
resilience, which gauges the scale of the expected 
destruction in the infrastructure quality and 
determined redundancy, resourcefulness, redundancy, 
and characteristics of a resilient system. Garbin and 
Shortle (2007) describe a method, which is used to 
quantitatively evaluate the network resilience. This 
research introduces mathematical model aimed at the 
improvement of SCS resilience and minimizing the 
economic losses. This research also focuses on the 
notion of shared risk group, which is applied when 
assessing the network resilience. Research carried out 
by Kim, Lee, and Lee (2006) demonstrated that 
changed made in network typology may lead to the 
improvement in the network resiliency. The study of 
Falasca et al. (2008) indicates that SCRes represent 
the capability of a SCS to minimize the chances for a 
destruction, to minimize the consequences of the 
destructions upon their occurrence, and to reduce the 
time required to recover to the stable performance. A 
research conducted by Ponomarov and Holcomb 
(2009) define SCRes as the adaptive ability of the 
SCS to be ready to unexpected events, to react to the 
destructions, and to recover through the maintenance 
of consistency of activities at the needed level of 
connectivity and management of structure and 
function. In the work of Barroso et al. (2011), SCRes 
is defined as the ability to adequately respond to the 
negative consequences of disturbances, which occur 
at a particular point of time to support the goals of 
supply chain. Supply resilience and destructions have 
been studied from different angles in research, 
including behavioral (Ellis, Henry, & Shockley, 
2010; Wagner & Neshat, 2010), simulation/modeling 
(Nair & Vidal, 2011; Wu, Blackhurst, & O’grady, 
2007; Zhao, Kumar, Harrison, & Yen, 2011), 
conceptual (Christopher & Peck, 2004; Kovács & 
Tatham, 2009; Tang, 2006), and qualitative 
(Craighead, Blackhurst, Rungtusanatham, & 
Handfield, 2007; Jüttner, Peck, & Christopher., 2003; 
Sheffi & Rice, 2005). For example, in the study of 
Ellis, Henry, and Shockley (2010), the researchers 
used a survey to identify how decisions are made in 
organizations in conditions of supply disruptions. 
Furthermore, a conceptual model was proposed by 
Christopher and Peck (2004) to categorize several 
sources of risks occurring in supply chain and 
recommend the ways of coping with these risks. 
Craighead, Blackhurst, Rungtusanatham, and 
Handfield (2007) used a method, which allows 
understanding the differences of disruption severity 
throughout supply chains – critical incident and 
structured interviews. To study the distribution of 
disruptions throughout supply chain systems, Wu, 
Blackhurst, and O’grady (2007) used a modeling 
approach. Concerning the level of analysis, the 
studies identified explore numerous levels, ranging 

from the firm level, to the supply chain level, and to 
the level of the supply network. Therefore, this 
research has introduced multiple important ideas from 
a variety of perspectives, but it identified a gap 
connected with the level of analysis. To conclude, 
different concepts and notions are used in the studies 
to both provide a definition of and evaluate resilience 
and the level of supply network disruptions. In 
research, the most frequently used definition of a 
supply network disruption denotes an unexpected and 
unpredictable event, which leads to the disruption of 
the normal delivery and provision of products and 
services within a supply network (Craighead, 
Blackhurst, Rungtusanatham, & Handfield, 2007; 
Hendricks & Singhal, 2003; Kleindorfer & Saad, 
2005; Svensson, 2000) and is considered as the key 
source of financial and operational risks of the 
company (Stauffer, 2003). Whereas this definition 
provides a general description, it does not identify the 
level, where the disruption takes place, and the scale 
of its consequences. It is a considerable peculiarity, 
because the cause and effect may happen at all levels. 
The case of Toyota may serve as a great example, 
because the company experienced a disruption in a 
component plant in Japan, i.e. a cause occurred at the 
node-level, which resulted in the interruption in their 
truck production in North America, i.e. the effect that 
occurred at the supply network level. The inability to 
understand the cause and the effect affects our 
understanding and decision-making in terms of 
disruptions. 
 
III. RESILIENCE MODEL 
 
To show the flow between all nodes, TCap was used, 
and the flow equates primarily to the demand d  
between any two nodes. Equation (1) shows the arc 
resilience rate, where the capacity after disruption 
over the original capacity. Equation (2) represents the 
node resilience rate, since the capacity of node after 
disruption over the original capacity. The objective 
function performed to maximize the resiliency rate 
when disruption happened. The last three constrains 
control the situation between the capacity of the 
nodes and the capacity of the links that associated 
with required demand. 
1) Node to Node Resiliency: The resiliency between 
the two nodes in case of the link disruption is called 
the node-to-node resiliency. Its measurement is 
represented in the form of the ratio between the 
overall flows of products between the nodes after the 
disruption took place to the overall products flow 
before the disruption. 
2) Network Resiliency: The value delivery represents 
the aggregate flow of products in the network for the 
total network resiliency. Equation (1) was used to 
calculate the resiliency. 
RES _ =                                      (1) 

RES _ =                                    (2) 
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Max TCap 

Cap ≤ d 				∀	i = 1, . . , N 

C = S 																			∀	Pd ≤ 0 
C = S ∗ Pd 								∀	Pd ≤ 0 
C , S 			≥ 0 
TCap = overall products flow through the network 
Cij= flow from node to node; 
N = number of nodes. 
di = demand of node; 
Sij = link capacity; 
dij = demand of link. 
Pdi = proportion damage. 
 
IV. CASE STUDY AND RESULTS 
 
The case study demonstrates a storage network with 4 
storages, which have 5 links that connect these 
storages between each other. The figure below shows 
that these elements form a complex system. Besides, 
the table below illustrates the values, which shows 
the results before and after applying the model. The 
resiliency rate of each element and the overall 
network are also stated in the table. 

 
Figure 1: shows the storage network 

 
The demand of the entire network is 180 short-life 
span products which should be delivered through the 
network within the time frame. Since the capacity of 
the network is equal to the demand means that the 
resiliency rate is 100% as shown in the table below. 
However, it is assumed that uncertainty disruption 
happened at one of the node, the mathematical model 
measured the losses and the resiliency rate for each 
node as well as for the overall network. Also, it 
optimizes the resiliency of the system when 
disruption happens at node 1 with losing 20% from 
its capacity. As shown in the figure above, that node 
1 connected with three other nodes in the network. 
The impact of the disruption resulted in distributing 
the products to the three connected nodes which led 
to loss some products flew to nodes 2, 3, and 4. 

 
Table 1: shows the value of resilience rate before and after. 

The table above illustrates the resiliency value of 
each part within the network, after the measurement 
model of resiliency was implemented. Moreover, the 
same table shows the resiliency rate for the entire 
system. Also, the model can measure the link 
resilience as well following the same methodology. 
 
CONCLUSION AND FUTURE STUDY 
 
Short-life span product plays a crucial role in 
maintaining product on a daily basis, and we thus 
should have good inventory, temporary storage, and 
high quality transportation to ensure reliability and 
capability of the system to handle any disaster at any 
point of time. Network should be able to perform its 
functions after disruption. 
 
A model for recovery actions should be developed to 
reflect the problem formulation. After disruptions, 
network performance is enhanced through the 
implementation of a resilience strategy. More reliable 
systems become highly resilient systems. Resilience 
represents a considerable characteristic of the future 
product with a short lifespan. In future, this study will 
focus on more investigation of the effect of large 
scale disaster on the overall system resiliency with 
taken the reflection on cost into consideration. 
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