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Abstract: The aim of this work is the construction of a system dynamics simulation model of a supply chain, 
analyzing critical issues and strength points and, in particular, trying to improve their resilience, a feature that 
is acquiring even more importance in recent years studies. Will be seen in details how the model has been 
built and then how the same model shows the massive improvement that resilience can bring in a 
manufacturing enterprise. 
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1. Introduction  

The ability of an organization to return to work after a 
catastrophic event depends more on the decisions taken 
before the same as those taken during or after. In this 
work the concept of resilience will be addressed at the 
global level because it does not refer only to the level of 
the organization but the whole supply chain is involved 
and can derive benefit from the application of these 
principles. This work consists in a descriptive part and in 
an applicatory part. Starting from the description of 
supply chain risk management with a focus on models and 
methods used. It is also analyzed the causes of 
vulnerability of a company, focusing on the difference 
between risk analysis and vulnerability analysis and finding 
solutions to reducing these risks.  

The following section is an overview of the concept of 
resilience analyzing literature about this subject. In 
particular, it is studied the sensitive areas of intervention 
and how it is possible to build a resilient supply chain 
according to the opinions of leading experts in the field. 
In the last section will be described the model, 
implemented in the System Dynamics approach (Sterman, 
2000) and the parameters of the achieved efficiency. 

 

 2. Resilience Definition 

In the material science, the resilience represents the ability 
of a material to reacquire its original shape after a 
deformation, while, in the business sector, resilience refers 
to the ability of a company to resist to a serious damaging 
event. The turbulent environment in which businesses 
operate is a main source of risk. The vulnerability of a 
firm increases with the volatility of demand and the 
globalization of the supply chain. Risk factors, in addition 
to acting individually on the vulnerabilities for companies 
operating in the supply chain, combine and influence each 
other (the uncertainty of such a market may be due to 
catastrophic events or terrorist). Basically there is a need 
to include in the decision-making models, not only the 
risks associated with traditional processes, controls, 

supplies and demand, but also those related to outdoor 
environments in which the supply chain operates. For this 
reason it has gone from a robustness-oriented supply 
chain to a resilience-oriented supply chain. Robustness is 
the ability to remain stable with changes. The term 
"resilience" means the ability to return the desired state 
after a major disturbance (Revetria et al., 2009). 

In such a context, a company must be able to respond to 
the risks and vulnerabilities and rapidly returns to initial 
levels of performance or even higher levels of 
performance. Similarly, the company must be able to 
manage the uncertainty of input factors while keeping 
under control the variability of output (performance 
levels).  

The risk is inevitable but can be managed if you prepare 
properly. There are basically two broad strategies to 
manage risk: an attempt to reduce the risk by reducing the 
consequences or the impact of increasing the 
responsiveness of the supply chain (in other words 
reducing the vulnerability), while the other seeks to reduce 
the chances of occurrence, which increases its security 
(Revetria et al., 2010). 

Sheffi underlines that the company risk management 
shows itself under 3 forms: there are the managers dealing 
with the business continuity plan drawn up, there is the 
safety staff (badge for the access, safety codes, etc) and 
finally the information technology safety function (for 
instance Data backup). Therefore these 3 functions are 
often stand-alone and they cannot be integrated in the 
company strategies. The traditional definitions of business 
safety and continuity are only a small part of the real 
resilience. In particular the companies can develop the 
resilience mainly in three ways: increasing the redundancy, 
building the flexibility and changing the company culture. 
The first has a limited utility;; the other two on the 
contrary result to be essential. 

 

3. Model implementation 

It  has  been  provided  a  supply  chain  model  built  with  
commercial  SD software 
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starts  from  an  exogenous  input  formed  by  the  

through a graph function. The model starts from an 
exogenous input that simulate customer demand through 
a graph function. A demand profile has been set up, see 
figure 1;; those could be historical data from previous 
periods. Those data has been used to forecast future 

Demand planning
turns 

forecasted value of Input at a time into the future. The 
difference between Demand planning and delayed sales forms 
a Gap whose average computed by the auxiliary variable 
Forecasting error average Demand planning 

Future forecasting  

 

Figure 1: Model overview 

 

Figure 2: Orders path 

We just calculated the difference between what we 
expected from the market and what the market is asking;; 
this difference along the time horizon is added to our 
forecast and will be very useful to fill the raw material 
warehouse with an appropriate level of stock. Desired 
warehouse

Safety stock Future forecasting 
auxiliary. Desired warehouse represent the raw materials 
level of stock that should satisfy market demand. If the 
level of Raw materials in their warehouse (just named Raw 
materials) is lower than the desired warehouse, then raw 
materials start flowing from suppliers, otherwise the flow 
will be stopped 
desired level. As soon as the finished product stock level 
is equal to zero, the first production flow starts followed 
by the second with a small delay given in input. Those 
flows stop just when finished product warehouse level is 
higher than desired WIP level. 

 
Figure 3: cost/revenue/profits trends 

The objective of the analysis is to note the change in the 

 
variation due to disruptions or unexpected peaks of 
demand. The parameters mentioned are considered the 
most important to increase the resilience of the supply 
chain, seen as its ability to withstand disruptions returning 
to a stable position. To analyze how performances of a 
supply chain change following a disruption of suppliers it 
has been analyzed 3 different supply chain characterized 
by 3, 2 and 1 supply channel. After a disruption a channel 
will be cut and the behavior of the whole system will be 
analyzed. The second scenario provides the reaction of 
the system to an unexpected peak of demand in three 
different situations characterized by an high, medium and 
null level of stock in the warehouse. The first scenario 
concerns a situation in which three different suppliers 
share an equal supply rate. After a disruption, the supply 
chain lose a suppliers showing the following behavior, see 
figure 4. 

 

Figure 4: First Scenario 

The following scenario, concerns of Supply Chain formed 
by two independent suppliers sharing and equal rate of 
supplying. After an unexpected event the supply chain 
loses a supplier gather to give the following performances, 
see figure 5. 

 

Figure 5: Second Scenario 



Last scenario, showed in figure 6, the most catastrophic, is 
the loss of the only suppliers. 

 

Figure 6: Third Scenario 

figures, profits slowly go 
down from first scenario to second because the supply 
chain appears to be resilient. The situation changes 
drastically in the last scenario where profits collapse due 
to cost increasing especially in shortage rate. Increasing 
resilience in a Supply chain allows to face an unexpected 
demand variation.  

Increasing  resilience  in  a  Supply  chain  allows  to  face  
an  unexpected demand v
supply chain reaction to a demand peak in different 
scenarios characterized by different levels of stocks. 

The demand under examination is the following: 

 

 

Figure 7: Demand profile with unexpected variation 

First scenario, the results you can see in figure 8, is 
characterized by low level in raw materials and WIP 
warehouses and high level in finished products warehouse. 
Last scenario doesn . 

 

Figure 8: High stock level situation 

 

 

Figure 9: Null stock level situation 

Differently from the previous case in which the situation 
seemed to get better increasing suppliers, now the better 
situation is the intermediate one. Better coverage from 
unexpected demand fluctuations given by an high stock 
level is paid with higher costs especially in the inventory 
rate. 

 

4. Conclusion 

This work has made it possible to understand and explain 
the complex behavior of a particular type of supply chain. 
We design the system structure and the dynamics behavior 
of short life products supply chain, through a simulation 
model implemented using System Dynamics methodology 
to better understand the behavior of SC. The simulation 
model has been implemented using Powersim software, 
considering a particular pattern behavior of market 
demand. Different simulation scenarios have been 
analyzed underlining the importance of the accuracy of 
the demand forecast and of the production times, which 
have a significant impact on the overall system 
performance. After simulating the proposed model, we 
have analyzed resiliency and vulnerability concepts applied 
to this type of the supply chain. The results of the 
simulations underlined the importance of the application 
of the resilience principles in terms of impact on costs, 
revenues, and so profits, for a supply chain. 
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