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Abstract— Simulation models are always helpful for the 

decision makers to take informed decisions to improve 

performance and efficiency of global supply chain networks. 

Currently, there are several models, which address the 

performance and efficiency of supply chain networks. Here 

we are trying to implement a system dynamic model of 

global supply chain networks for studying the influence of 

several parameters (which may not have a direct connection 

with supply chain) and their effects on the performance of 

global supply chain networks. This model could be designed 

by developing a cause effect diagram of these parameters 

over the global supply chain. These parameters include trade 

parameters such as taxes, trade agreements, and foreign 

exchange fluctuations. 

Key words: Supply Chain Networks, A simulation model for 

supply chain network, Global Supply Chain Networks 

simulator 

I. INTRODUCTION 

In the present world, we consume a number of products and 

services. The complexities of the manufacturing are often 

hidden from consumers. Every product and service have its 

own supply chain behind its creation. Supply chain network 

is basically defined as a group of companies working 

together to design, manufacture, and distribute products or 

services to the customers. 

Products like mobile phones, automobiles, and 

laptops have a supply chain that starts from suppliers and 

ends with customers. For instance, let us look at the example 

of manufacturing and distribution of Apple iPhones. Apple 

has a global supply chain where some company makes the 

memory, some others make batteries, and yet others make 

the display. Finally, Apple assembles all those parts together 

to form the final product. The usability and quality of the 

product are mainly defined by the quality of the supply 

chain.  

Today, as a result of globalization, companies can 

source any kind of resources from anywhere in the world as 

required. So it is more beneficial for companies to not own 

entire production themselves. Instead, they could form a 

strategic alliance with other companies from different parts 

of the world with the goal of delivering a quality product to 

their customers. In a global supply chain, the suppliers of 

components are usually located in different parts of the 

world, and assembling will be done at a low-cost location 

and the end product need to be distributed all over the 

world. As a result of several players acting on the same 

network, the governance and coordination of network are 

very crucial. Besides this, the logistics also have a major 

role to ensure smooth production and distribution.   

Global supply chain networks emerged as a result 

of new innovations in technologies and industries. For 

instance, the innovations in the transport industry reduced 

the cost and increased the flexibility in transporting raw 

materials and goods. The practice of producing standardized 

modular assemblies has helped to outsource. With the 

emergence of the internet, information network between the 

players in the global supply chain has become faster and 

reliable. Certain countries became the major suppliers of 

resources owing to easier trade barriers which in turn attract 

foreign investment resulting in growth of their economy. 

 
Fig. 1: An Integrated manufacturing and service network[1] 

A manufacturer can get the components from 

several suppliers around the globe. But selecting the 

suppliers from a pool of suppliers located globally is not an 

easy task. The choice of a particular supplier depends on 

several aspects such as a) government institutions with 

regard to import/export regulations, b) social groups such as 

trade unions etc. Hence the manufacturer has to interact with 

the ecosystem of the supplier.  A favorable eco-system 

which results in lower lead time with cheaper transportation 

costs yields more business investments in the region. Very 

good "Soft infrastructure" will help the companies to reduce 

their lead time and automatically reduce many costs 

associated with the inventories. Poor infrastructure is always 

a nightmare for the companies, because it may even cause 

damage to the products during transmission.  

A. Motivation 

With current trends in globalization and opening up of 

various economies, global supply chain designers have 

increased interests to enter newer markets provided they are 

assured a minimum profit. However, owing to political 

instabilities and vote bank politics in some of these 

countries, the government policy decisions are not stable.  

Often political parties can easily influence mass of people, 

thereby forming agitations against government policies so 

that the government is finally compelled to switch to 

different policies. This switch inturn might be unfavourable 

for a supply chain designer and planner. So a designer has to 

also consider policy instability as a risk factor. Global 

supply chain designers will be eager to analyse the various 

influences on profit considering a wide range of policy 

changes in the market introduced by the institutions and 

other varying parameters.  
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II. LITERATURE REVIEW 

A. Preliminaries 

The study of supply chain came into the attention of 

researchers after the revolutionised implementation in Ford 

supply chain network. Traditional problems that are studied 

in the field of supply chain are location decision, new 

product development, demand forecasting, and pricing etc. 

Of late, the focus of research has changed to the issues like 

inventory control and coordination of production and 

distribution etc., which basically improve the efficiency of 

supply chain.  

B. Relevant Work 

The initial work on the supply chain system dynamics was 

done by Forrester[2][3]. After that many systems, dynamic 

models were introduced over time. There is a paper for 

systems dynamics modeling of a manufacturing supply 

chain systems by Mustafa, Papadopoulou, and Akgun[7]. It 

basically throws some light into the manufacturing supply 

chain management. Minegishi and Thiel[6] were able to 

propose a system dynamic model for food supply chain. As 

the supply chain of each company is different from one 

another, many companies were more interested in studying 

and understanding the behavior of their supply chain.  

In the recent years, there have been instances of 

natural calamities which caused severe damage to some 

parts of the supply chain which has propagated all over the 

world through different supply chains links, resulting in 

huge losses. This has resulted in increased interest in the 

analysis of risk management in the supply chain. There is a 

recent study by Peng and Chen in Post-seismic supply chain 

risk management[5]. In their paper, they propose a system 

dynamics model to analyze the behavior of disrupted 

disaster relief supply chain by simulating the uncertainties 

associated with predicting the post-seismic road networks 

and delayed information. There is one paper by 

Viswanadham and Avinash about the Supplier selection 

Based on Supply chain ecosystem, Performance and risk 

Criteria[4]. In this work, they are taking care of several 

ecosystem parameters during the supplier selection. There is 

a good scope for a work in designing a system dynamics 

model which address the effects on global supply chain 

networks with the varying trade policies of countries and 

other resource variations. There is one text book by 

Viswanadham[1] which discusses the effects of ecosystem 

parameters to the supply chain networks in detail. And he 

also proposes a framework for the future studies of global 

supply chain ecosystem. 

III. GLOBAL SUPPLY CHAIN ISSUES 

In any global supply chain, there are mainly three flows 

included. The first one is materials flow, which starts from 

the suppliers and ends with the consumers. The second one 

is information flow, all the material flow is organized by the 

very well connected information networks between the 

organizations. And the last one is financial network through 

which all financial flow happens[1].  

Figure 1 shows an integrated manufacturing and 

service network, where the original equipment manufacturer 

procures components from different suppliers and the final 

products will be given to a distributor. Then the customers 

get the products through a retailer who in turn gets it from 

his distributor. Here logistics exist between each party, and 

this is called as forward logistics. But when a customer 

needs to get the product serviced, he will return it to the 

service center and then it is serviced through the service 

network. 

Suppose supply chain is very well connected 

logistically which will take care of the smooth transmission 

of goods and very well connected financially and 

informationally. Then there are benefits like reduced lead 

time and increased efficiency. But on the other hand, there is 

a huge risk, if some organization in the network is unable to 

perform its duty as expected due to some reasons, it is going 

to affect the entire supply chain and all the organizations 

participating in the supply chain directly or indirectly.  

As we discussed, there are several advantages for 

the highly connected global supply chain networks. But they 

are highly sensitive to several factors, happening around the 

globe. So implementing a global supply chain network 

model by considering all the sensitive parameters and 

studying the behavioral changes which will affect the 

performance of supply chain network with the varying 

parameters needs attention. 

Earlier work in the supply chain is mainly focussed 

on the inventory minimization which will reduce the cost of 

business. As a result of this reduced inventory, even a small 

problem which affects any part of the supply chain network 

may result in a huge business loss. As a result of this, now 

the researchers are seriously looking into the risk 

management of the supply chain. 

Now we need to study the efficiency and 

performance of global supply chain networks and how they 

are influenced by the parameters like varying trade policies, 

currency exchange rate, resource variations, etc.,   

We need to evaluate the effects of these varying 

parameters over global supply chain networks by using 

system dynamic models. For the implementation of system 

dynamic models, we need to develop cause effect diagram 

which neatly maps the effects of all the real world varying 

parameters over the global supply chain. 

IV. GLOBAL SUPPLY CHAIN MANAGEMENT 

The progress in the global supply chain networks is due to 

the step by step improvements in distinct areas and 

corresponding innovations in the manufacturing and service 

industry. In the design of supply chain networks, we need to 

consider the ecosystem framework consisting of 

infrastructure, resources, and institutions. There are mainly 

three factors affecting the ecosystem of a supply chain, 

Institutions, Resources, and Delivery Service 

infrastructure[1]. These three factors together decide the 

investment climate of a region. 

Delivery service infrastructure is one of the most 

important factors which need a high attention in the case of 

global supply chain networks. There were several 

innovations in the logistics service industry, which reduced 

the cost of transportation of goods from one place to other. 

But the cost of transportation is increasing nowadays due to 

the increase in oil price, the wage of labors etc.  When the 

delivery infrastructure is getting progress the lead time of 

the products may get reduced and this could reduce the 

amount of safety stock needed.  
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Resource management is also one of the main factors which 

could influence the performance of global supply chain 

networks. Institutions like governments have a strong role in 

the efficient management of resources. Apart from resource 

management, the institutions have several roles in the 

upliftment of global supply chain network. Institutions are 

basically working for the benefit of the local community. 

For this, it may introduce some restrictions or remove some 

restrictions from time to time. These policy changes by 

institutions have a major effect in global supply chain 

network. Institutions of a particular country can introduce 

some new trade policies with some other countries, which 

may boost the benefits of some supply chains and on the 

other hand some supply chains may get affected badly. So 

designing a model which takes care of these kinds of issues 

are highly critical. 

 
Fig. 2: A cause effect diagram for varying taxes and oil 

price change 

V. SYSTEM DYNAMIC MODEL 

The primary objective of system dynamics is to understand 

the structural causes behind the system performance. For 

developing a system dynamic model, the key ingredient is 

the cause effect diagram which includes the relationship 

between various parameters in the system. Once the cause 

effect diagram is ready to be implemented, we can design a 

simulation model in any of the standard discrete event 

simulator available in the market. Anylogic is a very good 

simulation tool which could be used as a discrete event 

simulator[8] for our work. After the implementation of the 

system dynamic model, it is easy to simulate it many times 

by varying various parameters like trade taxes, oil price 

change, etc., to see the behavioral changes of the system. 

A. Cause Effect Diagram 

A cause effect diagram is a kind of diagram which basically 

contains a mapping between the various causes and their 

cascading influence on the performance parameters of the 

global supply chain networks. For example, the oil price 

change will directly affect the cost of logistics and it 

indirectly affects several other parameters. So for 

developing a good model we need to consider all the real 

world causes which may influence the global supply chain 

directly or indirectly. 

Figure 2 shows a simple cause effect diagram 

which shows the influence of variations made by countries 

in the trade taxes, oil price change, and currency exchange 

fluctuations over the global supply chain network. These 

root causes have several cascading effects over the global 

supply chain network. Transportation cost is not just a cost 

for logistics, it actually includes all kind of expenses 

associated in the process of taking goods from one party to 

the other. This will include expenses like taxes, labor costs, 

etc. Variations in taxes and oil price changes are directly 

connected with transportation cost. Transportation cost may 

vary with the change in currency exchange rates. Changes in 

transportation cost are expected to affect all the partners of 

the supply chain network. These effects will cascade 

through the supply chain and finally reflect on the selling 

price of the product. According to the variations in the 

selling price, the customer demand may go up and down. As 

demand from customers for the product has a huge impact 

on the efficiency of the supply chain, it more or less decides 

the total production.  

 
Fig. 3: A cause effect diagram for institutional policies 

In figure 3, we can see a similar effect of 

governments and social groups on the total production. 

Social groups and governments are basically trying to 

improve the incentives to their society. As a part of that, 

they may try to create new trade agreements with some 

other countries and so on. The trade policies are basically 

created for the wellness of their economy, so that it may 

affect some supply chain in a positive manner and some 

other supply chains badly. Trade policies make variations to 

the customs duties and hence the transportation cost may get 

affected. Certain trade agreements may make a huge 

difference in lead time. The increased lead time results in 

establishing more inventory for safety stock which needs 

more investment. Reduced lead time will help to reduce the 

inventory of safety stock and will influence the supply chain 

positively. 

B. Questions to be addressed in Simulation 

The primary objective of the simulation is to get more 

insights into the various issues of the global supply chain 

before designing it. A sensitive analysis of global supply 

chain network can be done by simulating the model created 

over the cause effect diagram. In the simulation, major work 

will be based on the variations in the international trade 

policies, hard and soft infrastructure along with the resource 

variations. 
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VI. CONCLUSIONS AND FUTURE ROADMAP 

So far, there has not been a detailed study considering all 

parameters of global supply chain ecosystem[1], though 

there are some models analyzing risk management in supply 

chain network with various parameters. We propose to 

design simulation models which can analyze the influence 

of global supply chain networks by varying parameters like 

tax policies, various trade agreements etc. The simulation 

models will be built upon the cause effect diagram. For this 

purpose, we propose to build a global cause effect diagram 

that can incorporate all the identified parameters. The 

proposed diagram will be built in such a way that 

parameters can be added or deleted in an easy way.  The 

proposed simulation will make life easier for a supply chain 

designer for finding integrated influences of the above 

parameters over supply chain performance parameters. 

We then propose to analyze by varying different 

parameters using the above simulation models so that we 

can establish the effects of the above parameters on the 

global supply chain network. The proposed work can be 

summarized as follows,  

 Expanding the cause effect diagram considering the eco 

system parameters 

 Designing and implementing simulation models over 

the above diagram as discussed. 

 Studying the importance of various parameters on 

supply chain networks using our simulation model. 
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