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ABSTRACT 

This study investigates the fluctuating demand of a commodity product in the process industry 

of which the end market demand is stable. The research gives insight into the role that traders 

play in the supply chain of commodity products and describes the way they influence demand. 

Besides, the influence of both resin and finished goods import is examined. With the results 

obtained, a model is developed which forecasts the demand based on solely data history about 

end market data and price movements.    

  



 

EXECUTIVE SUMMARY 

This study extends research on structural and dynamic reasons for high volatile demand 

observed in the upstream plastics supply chain in Europe. We analyse the downstream supply 

chain of stretch film, a product made out of polymers of which the base feedstock is naphtha. 

The investigation is done on European industry level including finished goods imports from 

outside Europe and improves the predictability of upstream demand volatility. Figure 1 

illustrates the supply chain elements in scope. SABIC is one of the polymer units in the market 

and has a close integration with crackers units, which are left out of scope during this study.  

 

FIGURE 1 SUPPLY CHAIN OF SCOPE 

RESEARCH 

The first research question is based on the volatile behaviour of demand and asks for the 

relationship between price dynamics, re-active (de)stocking, and short range demand. The 

second research question is more company specific and concerns strategies concerning price 

and volume settings to influence the market demand.  

A basic system dynamics supply chain model based on nothing but end market demand is 

extended with price dynamic findings. Both the basic model and the extended model are 

implemented in the software program Vensim. Every echelon in the software program has its 

own variables. All 107 parameters were calibrated against historical demand data at the 

supplier level to optimize the fit of the modelled demand to historical demand.  Finally, a 

forecast and a scenario analysis were conducted. Figure 2 displays the fit between the modelled 

demand at the resin supplier, indicated by the red line, and the historical data, indicated by the 

blue line. Statistical measurements showed a good fit with a coefficient of determination (R²) of 

85 percent. 
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FIGURE 2 MODEL FIT 

FINDINGS 

The investigation into price dynamics emphasized the influence of traders on the supply chain. 

Traders buy resin when prices are relatively low and provide the market with resin in months 

that prices are higher. We found that traders are responsible for the fluctuating demand at the 

resin suppliers.  The presence of traders in the plastics supply chain gives converters and end 

customers the opportunity to buy material from two different sources. We tested the buying 

behaviour of converters and found that they buy relatively more from traders when price 

reaches a peak and relatively more from resin suppliers when price is located in a trough. 

Further investigation was done into import of both, resin and finished goods. (Cross)-

correlations showed that the import of finished goods is significantly negatively correlated with 

the production of end products in Europe. This means that finished goods import influences the 

production of finished goods in Europe. On the contrary, the import of resin did not influence 

the production of resin in Europe. The latter finding can be explained by the close integration of 

resin suppliers and crackers. Crackers produce continuously which obliges the resin producers 

to produce continuously as well.  

MANAGERIAL INSIGHTS 

Management can use the forecast model and/or scenario analyses as extra input during the 

sales and operations planning meeting. Knowing the forecasted movements of the demand 

helps the management with their price- and volume settings and demand volatility can be 

contested.  
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1.  INTRODUCTION  

The petrochemical industry is an industry that is throughput-focused and faces a lot of different 

market dynamics. This introductory chapter provides the reader with a brief introduction into 

the petrochemical industry to give a comprehensive overview of aspects relevant for the 

conducted study. An overview of the current literature about the influence of price on demand, 

and purchasing and stocking behaviour is given in Chapter 2. Chapter 3 outlines the 

contribution to current research and explains the methodology of the study. Chapter 4, 5 and 6 

discuss the used supply chain model and the investigation to price dynamics which if relevant 

were added to the model. In Chapter 7 managerial insights are presented and Chapter 8 

concludes the thesis and provides an outlook to further research. Detailed statistical results and 

background information can be found in the appendices.   

1.1. THE PETROCHEMICAL INDUSTRY 

Hundreds of years ago, Native Americans used crude oil for fuel and medicine (US History 

Encyclopedia, 2014). The first well states from 1859 when a retired railroad conductor started 

drilling, near Titusville, Pennsylvania. From then on and for a long time the United States had 

been hardly the only country using petroleum products. Increased industrialization and rapid 

population growth created more and more demand for oil so that by the late 1950s, 

petrochemicals became one of the largest industries.  

Petrochemicals are chemical products derived from petroleum or from other fossil fuels, such as 

coal, natural gas, or renewable sources such as corn or sugar cane. The two most common 

petrochemical classes are olefins, including ethylene and propylene, and aromatics, including 

benzene, toluene, and xylene isomers. The olefins are produced by chemical plants during steam 

cracking of natural gas liquids such as ethane, propane, and butane.  

 

FIGURE 3 FEEDSTOCK AND MAIN PRODUCTS OF A CRACKER (BEYCHOCK, 2014) 



There are two main import streams; naphtha, a liquid by-product in the oil refinery process, and 

gas feeds. As can be seen in Figure 3 these gas feeds are converted into ethane, propane, butane 

and methane which are gaseous by-products of gas production and function as cracker feeds. 

Commonly, the transport of the cracker feeds marks the end of the oil industry and the 

beginning of the petrochemical industry. A steam cracker converts the optional gas/liquid feeds 

into the olefins (ethylene, propylene, and butadiene) and aromatics (benzene and higher by-

products). “Higher” by-products, also named heavier by-products, are by-products with more 

carbon atoms per molecule. Examples of by-products are C5 (Pygas), Cracker Distillate (CD), 

Carbon Black Oil (CBO) or C4 (C4 Fractions) such as butadiene.  

According to CEFIC (2012) polymers (ethylene and propylene) cover the largest volume of the 

petrochemical material stream. They are used as monomer (a molecule that may bind 

chemically to other molecules to form a polymer) and chemical feedstock to create for example 

plastics.  

Because of the capital intensity of the installations and for historical reasons the petrochemical 

industry is dominated by very large players. The chemical industry is a constantly growing 

industry and counts multiple growing markets, for example in China and Latin America. The 

total estimated market value in 2001 was € 1,407 billion and it grew to € 2,744 billion in 2011 

(CEFIC, 2012). The market share of Europe declined from 36% or € 295 billion in 1991 to 20% 

or € 539 billion in 2011. Despite this decline, Figure 4 shows that Europe was still, with 43% of 

global trade value, the biggest net exporter of chemicals in trade terms. Together with Asia it 

covered more than half of the global trade value of imports and exports of chemicals in 2011.  

 

FIGURE 4 WORLD EXPORTS AND IMPORTS OF CHEMICALS BY REGIONAL SHARE (CEFIC, 2012) 

1.2. THE COMPANY: SABIC 

SABIC, the Saudi Basic Industries Corporation, was founded in 1976 by a royal decree in the 
Kingdom of Saudi Arabia (KSA) to help Saudi Arabia to diversify and to develop. In 1981 they 
started their production, using by-products of oil extraction to produce valuable petrochemical 
products to export. Right now SABIC is one of the world's top 10 petrochemical companies and 
the largest non-oil company in the Middle East. It operates in more than 40 countries and with 
60 world-class plants in locations across the Middle East, Asia, Europe, and the Americas and 
currently employs 40,000 employees worldwide. The company’s headquarter is located in 
Riyadh, the capital of Saudi Arabia.  
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SABIC is formed of six Strategic Business Units (SBUs): Chemicals, Performance Chemicals, 
Innovative Plastics, Polymers, Fertilizers and Metals. The generated annual sales revenue in 
2012 was € 37.61 billion (189 billion SAR) with a net income of € 4.92 billion (24.7 billion SAR). 
SABIC produced 72 billion metric tons over 2012, where 60% by Chemicals. “SABIC is a public 
company listed on the Tadawul Stock Exchange (TASI) of Riyadh, Saudi Arabia. The Saudi 
government owns 70% of the company’s shares, and private investors in Saudi Arabia and the 
Gulf Cooperation Council (GCC) countries hold the rest” (SABIC, 2014).  

In 2002, SABIC acquired DSM and obtained production capacity in Sittard-Geleen, the 
Netherlands, as well as in Gelsenkirchen, Germany. European business was further extended 
when SABIC took over plants of the Huntsman Corporation in the UK in 2006. Right now, SABIC 
is a major producer of plastics, chemicals and innovative plastics and employs approximately 
6,300 people in Europe (SABIC, 2014). The European head office of the SBUs Polymers and 
Chemicals is based in Sittard-Geleen and the head office of the SBU Innovative Plastics is based 
in Bergen op Zoom, both cities located in The Netherlands. 

1.3. THE PRODUCT: STRETCH FILM 

The focus during this assignment is on Stretch Film (SF) made of C4. In the first subparagraph 
the supply chain of SABIC is explained, besides some more information about the production 
process at SABIC is given. In the upcoming two subparagraphs the product itself will be 
discussed. The final part of this paragraph discusses the end markets taken into account for this 
study. 

1.3.1. SUPPLY CHAIN 

 

FIGURE 5 GLOBAL SUPPLY CHAIN 

Figure 5 shows the Supply Chain (SC) of SABIC. As can be seen the naphtha flows via pipelines 
from the port in Rotterdam or Antwerp to the cracker units of SABIC in Geleen which produce 
among others C2 (ethylene). It is difficult to stock the C2 and in most cases the C2 flows 
immediately via a pipeline to the Polymer Units in Gelsenkirchen. The polymer units produce 
polymers such as LLDPE (C4; Butene and C6; Hexene-1), LDPE, HDPE. In this report the focus is 
on the C4 within the LLDPE segment because this is the common feedstock to produce stretch 
film at SABIC. The LLDPE of SABIC is sold and transported to customers, in Figure 5 named 
Stretch Film producers1. The transport is the last part of SABIC’s process, this is indicated by the 
right dotted line.  
 

                                                             
1 Stretch Film producers are not the only customers buying LLDPE. The customer is called Stretch Film 
producer in Figure 5 because the focus during this project is on the SF segment.   



In 2013 around one third, 208 kt, of the sold LLDPE was produced at the factories at 
Gelsenkirchen. The rest of the volume sold, 546 kt was imported from KSA (SABIC, 2014). 
Specifically for stretch film, 77.2 kt was produced in Gelsenkirchen while 324.7 kt resin was 
imported from KSA (SABIC, 2014). 

Figure 6 shows in blue the stretch film 
demand in Europe split up in Non-Middle 
East (ME) import, ME import, SABIC sales, 
Local Sales and SABIC Import. As can be 
seen, SABIC’s market share, which exists 
of SABIC Import and SABIC Sales reaches 
49%. The Import market share, existing of 
SABIC Import, ME and non-ME Import, 
counts 59%. Although SABIC has a 
production plant in Gelsenkirchen, the 
majority of sales in Europe are satisfied 
by imported products. In conclusion, 
SABIC takes a good position in this market 
segment, with a strong market share and a 
strong import market share.  

1.3.2. STRETCH FILM 

Stretch film is a high elongation, polyethylene based film, produced on a blown or cast film line, 
which is used within the packaging industry. The main functionality of these films is securing 
the load during storage and transportation. At the same time the stretch wrap film is 
functioning as theft prevention and protection against external influences (e.g. rain, dust). The 
stretch film is wrapped around these goods either by hand or by means of a wrapping machine.  

In 1976 Manuli Stretch in Italy was the first company to produce cast LLDPE stretch film in 
Europe; in 2003, 27 years later more than 85 companies were producing cast stretch film. 

1.3.3. SITUATION IN EUROPE 

In Europe, 7.5 million tonnes of PE were extruded into all different kinds of film in 2010 and 
41%, which is equal to more than 3 million tonnes of this amount was LLDPE (SABIC, 2011). In 
2011 the production volume of pallet stretch film was 1.36 million tonnes, in that year 45% of 
the total film segment.  

Italy is the clear market leader when it comes to SF production. They produce even twice as 
much as Germany, the second largest provider of SF. An extrapolation for 2016 shows that AMI 
consultants expect that the production in Russia, Ukraine, and Belarus, and Poland will grow, as 
well as the production in Turkey. In 2013 Turkey was already responsible for 20.3% of the total 
import of SF into Europe. 

When we compare production per country to demand per country we see that in most of the 
countries there is more production of SF than that there is demand. So, there is obviously 
overproduction. Russia, Ukraine, and Belarus are the countries that together asked for the most 
(around 240 kt) SF in 2012.  

SABIC and Versalis (former Polimeri Europe) are the two main suppliers of resin processed by 
the SF producers in Europe. Next to these two local players there are also companies that 

FIGURE 6 STRETCH FILM DEMAND SPLIT UP (SABIC, 
2013) 
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import C4 into Europe; Exxon Mobil, Qatar (Qatofin), Braskem America Inc., EQUATE, and 
Mitsubishi are the main players in this market.  

1.3.4. REPRESENTATIVE END MARKETS 

Figure 7 shows the demand from 2006 until 2013 for four different segments that are 
representatives of the stretch film segment; “manufacture of plastic packaging goods”, 
“manufacture of plastic products”, “retail sales non-food”, and “retail sales of food, beverages or 
tobacco”. These four lines together represent the downstream demand, from now on referred to 
as “the demand at the end market”. We used seasonal adjusted end market data because 
companies anticipate on predictable seasonal patterns by production smoothening (Chen and 
Lee, 2012). Excluding the decline caused by the Lehman wave, which is visible around 2008-
2009, the demand by the end customer overall is stable and the sector does almost not face 
abrupt or unregular demand. The blue line shows the LLDPE demand at the resin supplier. 
LLDPE is the resin for stretch film. From now on we refer to this demand as “the upstream 
demand”. As can be seen, the upstream demand is much more variable than the downstream 
demand.  

 

FIGURE 7 UPSTREAM VS. DOWNSTREAM DEMAND  

 
 

  



2. LITERATURE REVIEW 

This chapter is based on the literature review done as preparation for this thesis. In the first two 
paragraphs the two most relevant and important aspects found in theory are described. The 
first paragraph describes the stocking behaviour of supply chain members and the bullwhip 
effect that shows that demand variability increases as one moves up a supply chain. The second 
paragraph describes the influence that price has on the buying behaviour of customers.  The 
chapter ends with a paragraph about modelling, simulation and system dynamics. 

2.1. STOCKING BEHAVIOUR 

Peels et al. (2011) showed that due to the Lehman wave the demand at a company further 
upstream in the supply chain can be much less or much more than in its end market. In line with 
Peels et al. (2011), Udenio et al. (2012) showed that the perceived demand volatility at the 
upstream producers is affected by every action and strategic decision taken by companies 
further downstream in the supply chain. Peels investigated the demand pattern at Royal DSM 
during the 2008 credit crisis. Royal DSM is a player that operates in the same industry as SABIC 
and is located upstream in the supply chain.  
The credit crisis can be seen as a single pulse shock which was created by a combination of 
factors (Peels et al. 2009): 

1) The bankruptcy of the Lehman Brothers created a worldwide shockwave resulting in 
high interest rates and credit to disappear. The financial shock shifted financial 
priorities according to the “cash is king” motto: liquidity became essential (Sudarsanam 
and Lai, 2001). One of the methods to free up cash in the short term is through inventory 
divestment.  

2) Up to mid-2008 commodity prices had increased at an astonishing rate. The industry 
had been speculating on even higher prices which resulted in strategies of inventory 
accumulation. When commodities crashed in mid-2008, the industry aimed to reduce 
their over-priced inventory.  

3) The markets were very optimistic before the crisis and expected demand to grow. When 
the sales dropped in mid-2008 companies were facing too high inventory levels and 
they had to destock.  
 

Udenio et al. (2013) found that 70% of the firms in their sample reduced their inventories, with 
a median reduction of 9.40% of all inventories during the crisis. They even state that firms all 
over the world reacted to the financial collapse by significantly reducing their inventories. 
“Extensive destocking will at some moment need to lead to restocking” (Fransoo et al., 2010, p. 
2). As a reaction the sales volumes for resins were in a continuous flow of decline and growth 
before it slowly settled on a new market level (Peels et al., 2011).  

Extensive and simultaneous destocking throughout the supply chain has undesirable and 
harmful effects on the chain, especially for companies that are positioned upstream (Peels, 
2009). Therefore, Peels et al. (2009) argues that there are a number of important issues to take 
into account for companies when making important supply chain decisions. First, it is essential 
to know the end market. Second, it is important to have an understanding of the general 
stockpiling or destocking policies occurring in the industry. Third, a system dynamic tool can 
help the fairly accurately predict sales cycles. The system dynamics model designed by Udenio 
et al. (2013) will be used as a basis for this work. 
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In the next paragraph is explained how extensive destocking can create a bullwhip in the supply 
chain.  

2.1.1.  THE BULLWHIP EFFECT 

The bullwhip effect, suggests that demand variability increases as one moves up a supply chain 
(Hong & Ping, 2007). It implies that upstream echelons of the supply chain should have higher 
demand volatility than lower echelons (Cachon et al., 2007).  

 

FIGURE 8 THE BULLWHIP EFFECT FOR THREE ECHELONS 

The existence and measurement of the bullwhip effect is extensively discussed in literature. 
Fransoo and Wouters (2000) calculated the total supply chain bullwhip effect by dividing the 
coefficient of variation of the upstream production plan by the coefficient of variation of 
consumer demand. Bray and Mendelson (2012) measured the bullwhip on a single echelon level 
and defined a company’s bullwhip by the increase in variability from its sales to its purchases. 
Cachon et al. (2007) seek for the bullwhip effect at industry level and argue that “retail 
industries generally do not exhibit the effect, nor do most manufacturing industries.” Other 
studies (Holt et al., 1968; Anderson et al., 2000; Terwiesch et al, 2005) however confirm the 
existence of the bullwhip effect on industry level. Chen and Lee (2012) illustrate that those 
contradicting findings are caused by a difference in the measurement of the bullwhip effect. 
Where Lee et al. (1997) originally base their bullwhip measurement on information flows 
around a single product on a time level of one order period, empirical studies including that of 
Cachon et al. (2007) measure the bullwhip based on material flow, aggregated product and 
aggregated time level.  

Blackburn (1991) indicated that the overriding cause of the bullwhip effect is the time delays 
between the supply chain echelons. The effects of information and material delays within a 
supply chain are well understood and covered in detail in the literature (Sterman, 1989); Bray 
and Mendelson (2012) distinguish between signals with short and long information lead times 
while Lee et al. (1997) states that long resupply lead times can aggravate the bullwhip effect. 
Most of the articles concerning the bullwhip effect hold the five major causes and/or the 
solutions to prevent the bullwhip effect, given by Lee et al. (1997). Upstream demand 
amplification can be addressed by stabilizing demand, sharing sales forecasts, shortening the 
production lead time (Lee et al., 1997) and reducing the sensitivity to demand changes (Udenio 
et al., 2012). 

  



2.2. THE INFLUENCE OF PRICE 

Last minute noise signals in the form of order batching and price fluctuations trigger the 
additive bullwhip effect in the short range (Lee et al., 1997; Bray and Mendelson, 2012). 
Additionally, researchers from IHS (2010) showed an increase in the commodity price volatility 
and observed that price volatility extends deeper into the downstream chain. Based on previous 
research to the influence of price on the demand for commodity chemicals by Corbijn (2013), 
we assume that price is one of the major factors that influence demand. Besides, Corbijn found 
that short range demand forecasting can be improved by adding the influence of price dynamics 
with a short information lead time to the model.  

The system dynamics approach used in this study allows us to link price information to the 
desired inventory coverage of actors in the chain. Subsequently, fluctuations in desired 
inventory levels will influence the ordering behaviour via different feedback structures 
(Sterman, 1989). The upcoming paragraphs will underpin that price has a huge impact on the 
demand by showing that price volatility has increased in the last 10 years and that price does 
influence the purchasing strategies of customers. 

2.2.1.  PRICING COMMODITIES 

Karl Marx once said "From the taste of wheat it is not possible to tell who produced it, a Russian 
serf, a French peasant or an English capitalist” (Boudin, 2008, p. 56). Wheat is a perfect example 
of a commodity product which can be subscribed as a product of uniform quality that is 
produced in large quantities by many different producers (O’Sullivan, 2003). Products like 
propylene, ethylene or feedstock types such as propane and ethane have to qualify for certain 
grades but are perfectly interchangeable between players, which makes them commodity 
products too. Since the products are considered to be equivalent, prices are determined on a 
commodity exchange market and the law of one price applies (Corbijn, 2013).  

Pindyck (1994) argues that the commodity market is characterized by periods of sharp changes 
in price and inventory levels and that volatility of commodities fluctuates over time. Symeonidis 
et al. (2012) observed that low inventory had a more pronounced impact on volatility than a 
high inventory. In line with this finding we conclude that the Lehman Wave that started in 2008 
also had a great influence on price volatility by creating a mass decrease in inventory. Corbijn 
(2013) indeed found that the average inventory coverage in the downstream supply chain of a 
certain polymer decreased over the period 2008-2012. Pyndick (2004) and Dvir and Rogoff 
(2009) even stated that price volatility was significantly higher in the period 2003-2012 than in 
earlier decades.  

As a matter of fact, Geman & Ohana (2009) tested a negative correlation between the monthly 
crude oil front-month price volatility and the end of month crude oil inventory. This means that 
if the prices go up, inventory goes down and it proves that prices influence inventory levels and 
therefore also influence buying behaviour.  
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2.2.2. PURCHASING BEHAVIOUR 

As the purchasing strategies of customers represent the demand higher upstream in the supply 
chain, a distinction is made between three different purchasing strategies:  
 

 Delayed buying when the price is high  

 Pre-buying in speculation of a further price increase  

 Pre-buying in anticipation of a further price increase  
 
Earlier research has shown that the stocking policy of a company depends on the ownership of 
that company (Niehaus, 1989). Niehaus (1989) explains that the method used for keeping 
inventory is a point on which managers and shareholders can have conflicting interest.  

Corbijn (2013) confirmed that non-privately owned customers choose a riskless buying strategy 
where they delay orders when the price is high. Non-privately owned companies are companies 
with high outside ownership, so a lot of shareholders. Their strategy choice is made purely to 
satisfy the shareholders. Distinction is made between privately owned companies which pursue 
a pre-buying strategy to prevent buying at peak levels and non-privately owned companies 
which pursue to delay orders when prices are high.  

Speculation can be defined as “the purchase (or sale) of goods with a view to resale 
(repurchase) at a later date, where the motive behind such action is the expectation of a change 
in the relevant prices relatively to the ruling price and not a gain accruing through their use, or 
any kind of transformation effected in them, or their transfer between markets” (Kaldor, 1939, 
p. 1). Hart & Kreps (1986) make a distinction between speculators, who buy with the intention 
of holding the commodity and then selling at a higher price at a later date, and customers (i.e. 
non-speculators) who trade in the market only for purposes of immediate consumption. This 
distinction applies to the stretch film segment in which the traders can be seen as the 
speculators and the stretch film producers as the customers. So, ceteris paribus, if prices are 
expected to increase in the next period, speculators demand will rise. The other way around, if 
prices are expected to decrease in the next period, speculators demand will decrease.  

Dvir and Rogoff (2009) argue that when the price trend is uncertain, active stocking behaviour 
in order to speculate on an upward price trend acts to enhance volatility. When companies start 
buying they speculate on a further price increase by increasing their inventories; further 
demand will rise, availability will drop and prices will rise. Peels et al. (2009) argued that when 
commodity prices were at record levels in 2008, speculation led to overstocking because 
companies believed that the price rise would continue. Within a timespan of five years market 
balances shifted from deficit to balance and in many instances to surplus. Commodity prices 
rose to unprecedented levels between 2006 and 2008 such that this episode is labelled as a 
"super cycle" (IHS, 2011).  

Anticipation is possible within the polymer market because it is a commodity market that 
cannot be provided immediately with input material. The raw material at the beginning of the 
supply chain is crude oil and the lead time for polymers is about a month. This in combination 
with the high price volatility makes it possible to anticipate on a price in- or decrease. By using 
this price forecast customers can choose to use a pre-buy strategy or on the other hand a 
delayed buying strategy.  

 

 



2.3. MODELLING, SIMULATION, AND SYSTEM DYNAMICS 

The goal of an analytic/numerical model or a simulation model is to optimize the model. 
Subsequently this optimization can be used and implemented/applied to solve a problem in the 
real world. 
 
A first inventory-control system for General Electrics, Kentucky in the 1950s with pencil and 
paper simulation was the beginning of the system dynamics (SD) field (Forrester, 2007). From 
then on the approach of SD was created and developed by a group of researchers led by 
Forrester at the Massachusetts Institute of Technology (MIT)(Lai et al., 2003). The original 
definition of system dynamics stated by Forrester (1961) is “the study of information feedback 
characterization of industrial enterprise to show how structure, amplification, and time delays 
interact to influence the success of the enterprise”. He states that “it is a framework for thinking 
about how the operating policies of a company and its customers, competitors, and suppliers 
interact to shape the company’s performance over time” (Lai et al, 2003, p. 266). Sweetser 
(1999) defines SD shortly as “a methodology used to understand how systems change over 
time”. According to Sweetser (1999) SD is perfectly suited to model continuous processes, 
systems in where a lot of feedback occurs and affects the behaviour of the system.  
 
In an increasingly competitive environment, there are many uncertain or random elements in 
the supply chain such as customer demands, lead times, and production fluctuation. The 
stochastic modelling paradigm takes into account the uncertain and random elements (Min & 
Zhou, 2002). For this reason stochastic models work perfectly as input value for simulation 
models.  
 
Research work on improving the modelling approach is occupied with extending and improving 
the application of SD modelling to supply chain management. Akkermans (1995) suggests an 
approach, named Participative Business Modelling (PBM), to also address the organizational 
complexities inherent in the development of logistics strategies and not only the technical 
complexities. PBM combines intensive management participation with severely analysis and 
comprehensive modelling aiming to focus on learning about strategic issues and therefore 
gaining insights. Akkermans (1995) uses different methods, including SD modelling, operational 
research, social sciences and process consultation, and pursues to combine these methods to 
achieve a greater benefit. In the next chapter is explained how we followed Akkermans by 

combining management participation and several modelling methods.   
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3. PROJECT LAYOUT 

This chapter gives an overview of the project. The first paragraph explains the contribution of 
this study to both research and the company. The second paragraph concerns the problem 
statement and is followed by a paragraph that describes the research questions. The last 
paragraph of this chapter explains the methodology of this research. 

3.1. CONTRIBUTION TO RESEARCH AND THE COMPANY 

This paragraph explains the contribution that this study makes to earlier research and how it 
can contribute to current processes within SABIC. 

3.1.1. RESEARCH CONTRIBUTION 

Research has already explained successfully the supply chain dynamics occurred in the chemical 
manufacturing industry as a reaction to a demand shock (Udenio et al., 2012). Corbijn (2013) 
extended these findings by investigating price effects on the demand side of a product family 
within the commodity industry and estimating aggregated bullwhips on the same level.  

This thesis extends previous findings by looking at a single product level within a commodity 
market in the chemical industry. Although the investigation is done for a single product level in 
a specific industry, generalization of findings to other products and commodity industries is 
pursued. 

3.1.2. CONTRIBUTION FOR SABIC 

The demand model developed during this assignment will function as an extra input to provide 
the business manager with demand/market/pricing information prior to the Sales & Operations 
Planning (S&OP) process. The S&OP process is a monthly cycle in which supply and demand are 
balanced to determine the stock development on a short time range. The simulation model can 
give insights on the stock situation throughout the complete supply chain which helps to 
understand the underlying drivers of demand upstream. Furthermore, the model can be used to 
do a scenario analysis and provide the management with information concerning price- and 
volume settings. In this way it will contribute to the forecasting of the demand which is used in 
the S&OP meeting. 

3.2. PROBLEM STATEMENT 

Starting with the cracker and from then further down into the supply chain there is a push 
strategy. The crackers at SABIC operate continuously and are seldom turned off so the resins 
are pushed further downstream in the supply chain.  
 
There is little knowledge of the supply chain behaviour. The impact of the effect of commodity 
pricing and feedstock pricing, the effect of imported goods, and the effect of traders that are 
present further downstream in the supply chain are not completely understood and are not 
incorporated into supply and demand planning decisions. If these aspects would be included in 
the decision making process SABIC would be able to better understand the stock development 
throughout the supply chain which allows them to better anticipate on market dynamics 
ultimately increasing their profitability.  
 



Since the Lehman wave in 2008 observed demand has shown significantly higher volatility and 
as a result the demand forecast quality has decreased substantially. Moreover, price sensitivity 
of customers has increased and this is reflected in their order patterns. Incorrect planning and 
operation decisions led to negative financial results. The purchasing, buying, and contracting 
decisions are not optimal because of missing information about the supply chain. 
 
Demand at SABIC fluctuates enormously while the end market demand is stable (Figure 8). The 
fluctuations throughout the supply chain are caused by intermediate players, such as traders. In 
case of an excess stock resins are, against SABIC’s wishes, sold for lower prices and pushed into 
the market. Traders buy resins when prices are low and provide the market with resins in 
months when suppliers’ prices are higher. The suppliers create extra competition by selling the 
resin to these traders, unfortunately there sometimes is no other option to reduce the stock 
levels. 

Another aspect that influences the demand at SABIC is the possibility to import. Both, the resin 
that is used by the SF producer and the stretch film itself are imported. Stretch film is a 
commodity product and therefore price plays an important role in the decision making process 
of customers. So, if import prices are lower customers, traders, and SF producers will choose to 
import their resin or FG. The SF cost exists for more than 80% out of the resin price (SABIC, 
2011). Because the resin price is much lower in the ME compared to the resin price in Europe, 
the ME is able to sell SF for a lower price and they can easily compete with the European 
producers. In 2003 the ME was responsible for 23% of the imported SF while in 2012 already 
62% of the total SF import into EU27 was coming from the Middle East. Figure 9 shows the 
downstream supply chain of stretch film including the traders and import streams 
 

 
 

FIGURE 9 SUPPLY CHAIN OF STRETCH FILM DOWNSTREAM 

In conclusion, the stock that is present further downstream in the SC makes it difficult to 
forecast the demand. Because of the stocks and the possibility to import the demand fluctuates 
and is very sensitive to changes in price. 

3.3. RESEARCH QUESTIONS 

The aim of this thesis is to improve short range demand forecasting upstream in the supply 
chain for stretch film, so on a single product level. This is accomplished by identifying the 
factors influencing short range demand and displaying the relationship between these factors 
and demand by developing a system dynamic model of the downstream chain. Price dynamics 
are an important factor because they cause demand fluctuations via re-active (de)stocking 
decisions in the chain.  
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By combining the problem statement with the literature review (Stuijts, 2014), done as a 
preparation for this thesis, the following research questions follow.  
 

I. What is the relationship between final consumer demand, price dynamics and 
re-active (de)stocking and how do they influence the short range demand 
(horizon 1 to 2 months) for the commodity product stretch film?  

 
II. In what manner do price- and volume settings of a supplier influence the 

buying behaviour of their customers?  

3.4. RESEARCH METHODOLOGY 

This paragraph describes the project approach. As a result of the two research questions there 
are two different modelling streams within the research design. There is a basic supply chain 
model that structures the existing supply chain and this will be supplemented by a price 
dynamics model. The extended model will be formed by the combination of these two models 
(Figure 10). In the upcoming two subparagraphs the two different models are discussed. 

 

FIGURE 10 RESEARCH DESIGN 

Before starting with the modelling it is important to know what factors influence the demand 
and should be included in the model. For this, a brainstorm session is held and afterwards 
expert interviews are conducted. Besides, the existing forecasting model and earlier research is 
used. The factors that were found in literature and during the brainstorm session or were 
brought forward by the interviewees are checked for significance by using historical data and a 
statistical software program, for example SPSS. Table 1 shows the type of data used during this 
study. 

 

 

 



TYPE OF DATA  SOURCE NATURE OF DATA 

Expert interviews SABIC Polymers, SABIC Finance Quantitative/qualitative 
Database services Eurostat Quantitative/qualitative 

Industry reports CEFIC, AMI consultancy Quantitative 

S&OP SABIC Polymers Quantitative 
TABLE 1 OVERVIEW OF USED DATA SOURCES 

3.4.1. BASIC SUPPLY CHAIN MODEL 

Full understanding of the supply chain is necessary to build the supply chain model. Questions 
to be answered are for example “how many and which echelons exist between SABIC Polymers 
and the end market”? “What volumes are flowing through each echelon and what is the stock 
policy of each player in between”? “How does the sales structure look like”? etc..  
All relevant streams through which the product can reach the end market have to be included in 
the supply chain model. Although it is not a large part of the product passing an echelon this 
echelon can have large influence on the end demand. So, the relevant end customers need to be 
identified and will be represented by a weighted demand function. After these first two steps 
the actual design of the model can start. The simulation software Vensim will be used to 
implement the model and will be used as a forecasting tool. The modelling approach is a high 
level top-down approach. In concert with SABIC’s employees possible constraints are discussed 
and implemented in the model, this step is called “model verification” in the research design 
displayed in Figure 10.  
The basic supply chain model will be based on earlier work of Udenio et al. (2012) who used 
end market demand as input variables and Corbijn (2013) who first modelled the effect of end 
market dynamics on industry demand in the absence of active (de)stocking. This earlier 
research is also the reason for using Vensim. 

3.4.1.1. PRICE MODEL 

The price dynamics stream is a side stream because it requires own fundamental research. 
Later it will be merged with the basic supply chain model. The pricing and contracting models 
existing within SABIC and the influence of import on demand should be understood fully. 
Besides, price models from literature are used and serve to include the additive bullwhip effect: 
active (de)stocking decisions in the chain based on price dynamic, see Chapter 5. A further step 
is to compare SABIC’s characteristics with the common industry pattern and evaluate if there is 
a relevant relationship. If so, this relationship needs to be implemented in the price model. 

3.4.1.2. EXTENDED MODEL 

The extended model is a combination of the previously mentioned basic supply chain model and 
the price model. It is the model that will be implemented and compared to current data to 
validate the model. The validation is a recurring step; the model fit is checked and if necessary 
new input is added or variables are adjusted. This cycle keeps going on until the model gives a 
good forecast. The final model is used to do a scenario analysis and serves as a basis for the 
decision making framework. Because the extended model includes the price model it should be 
able to advice SABIC about their pricing policy.  
 
The last step of the research design exists of a conclusions and remarks for further research.  
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4. BASIC SUPPLY CHAIN MODEL 

The model used to build the supply chain is a linked series of single echelon models. All 
echelons in this chain represent a group of competing firms manufacturing the same product. In 
this thesis the aggregated European industry is modelled. The model is an extension with 
backlogs of Sterman’s “Manufacturing Supply Chain Model” (2000, pp. 709-755) and in the past 
it already has been used for similar approaches. The model describes all relevant physical flows 
such as production and inventory, and all relevant information flows like orders and forecasts 
that are present in the supply chain. In the base model the only external model input is end 
market demand. Historical data concerning end market demand is only available on monthly 
bases. The timespan used to run the model is weeks so the monthly data is interpolated2 before 
the implementation. 

Each echelon in the supply chain is connected to the direct predecessor and successor. Orders 
are received from the downstream echelon and are executed for the upstream echelon. 
Furthermore, products are shipped to the downstream echelon and the material to use is 
received from the upstream echelon. The imitated supply chain is based on the four echelons 
and four end markets as discussed in (Paragraph 1.3.4.). These echelons are numbered in 
descending order starting from 4 at the most upstream echelon, named Polymers (see Appendix 
Figure A-1). 

Models based on Sterman’s Supply Chain Management (SCM) have been successful in describing 
volume flows in the process industry. Udenio et al. (2012) applied the model to a specialized 
chemical company, Brandstädter (2013) also used the model within SABIC’s supply chain but 
took a global perspective further upstream into account, and Corbijn (2013) used the model to 
describe a polymer supply chain further downstream. All approaches were able to accurately 
describe the collective destocking behaviour. Shrinking the scope by focusing on one product is 
likely to yield similar results due to high integration of ethylene, polymer producers and 
producers’ customers. 

4.1. SINGLE ECHELON MODEL 

The single echelon model consists of three sectors; the delivery, production, and forecasting 
sector. Figure 11 illustrates an exemplary echelon in system dynamics syntax.  

Variables coloured orange are variables from the preceding echelon and variables coloured 
green are coming from the succeeding echelon. Variables that are notated in brackets 
(<variable>) are shadow variables and are a kind of “copy” of existing variables and behave 
similar to them. 

 

                                                             
2 During this study we used the software program Statlab to perform Cubic Spline interpolation. This 
interpolation can also be done in Microsoft Excel by using VBA codes (macros). 



 

FIGURE 11 EXEMPLARY ECHELON 

 

Table 2 lists all main variables and their units as used in Vensim. Thereafter the equations for 
the non-constant variables are discussed per sector. The constant variables are discussed later 
on in the thesis. 
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VARIABLE DESCRIPTION UNIT 
   Sales forecast of echelon 𝑛 Units/week 

      Forecast adjustment time of echelon 𝑛 Weeks 

     Volume share of product which goes from echelon 𝑛 to echelon 
𝑛−1.𝑚 

Dmnl3 

 ̂  Desired inventory coverage of echelon 𝑛 Weeks 

 ̂  Desired inventory level of echelon 𝑛 Units 

      Inventory adjustment of echelon 𝑛 Units/week 
      Inventory adjustment time of echelon 𝑛 Weeks 

  ̂  Desired supply line size of echelon 𝑛 Units 

       Supply line adjustment of echelon 𝑛 Units/week 

       Supply line adjustment time of echelon 𝑛 Weeks 

 ̂  Desired work in process level of echelon 𝑛 Units 

      Work in process adjustment of echelon 𝑛 Units/week 

      Work in process adjustment time of echelon 𝑛 Weeks 

   Orders placed by echelon 𝑛 Units/week 

   Total lead time of incoming products from echelon 𝑛+1 Weeks 

      Transport time to ship product from echelon 𝑛+1 to 𝑛 Weeks 

   Product arrival rate of echelon 𝑛 Units/week 

    Supply line of echelon 𝑛 Units 

   Work in process stock of echelon 𝑛 Units 

   Production rate of echelon 𝑛 Units/week 

      Production time of echelon 𝑛 Weeks 

   Inventory of echelon 𝑛 Units 

𝑀𝑎𝑥(  ) Maximum delivery rate of echelon 𝑛 Units/week 

      Order fulfil time of echelon 𝑛 Weeks 

      Delivery delay of echelon 𝑛 Weeks 

 ̂  Desired delivery rate of echelon 𝑛 Units/week 

   Delivery ratio of echelon 𝑛 Dmnl 

   Delivery rate of echelon 𝑛 Units/week 

   Total order backlog of echelon 𝑛 Units 
TABLE 2 DESCRIPTION OF ALL MODEL PARAMETERS 

  

                                                             
3 Dmnl means “dimensionless” and is Vensim syntax to describe an auxiliary variable which does not have 
a unit.  



FORECASTING 

The forecasting sector maintains a sales forecast by accumulating the differences between the 
incoming customer demand (    ) and the previous forecast (  ). When demand exceeds the 
forecast it is updated upwards and the other way around when demand is less than the forecast 
it is updated downwards. To allow for a smoothing of the forecast, the differences are divided by 
the forecast adjustment time (     ), indicating whether the whole difference or only a fraction 
is taken into account.  

(
 

  
)   

       
     

                                                                      

At some echelons the supply chain diverges and there are multiple echelons that send their 
demands. In this case the incoming demand from echelons downstream needs to be normalised 
by a splitting factor because the model is calibrated against normalised data as well. The order 
volumes of the downstream echelons are multiplied by their split factor to calculate the total 
demand for the echelon. All product split values of one echelon should sum up to 1.  

     ∑  𝑛 𝑚   𝑛   𝑚

𝑚

                                                                

Adjustment orders are generated to close the gap between the actual values of on-hand and 
supply line inventories and the desired levels. The inventory adjustment time (     ), work in 
process (WIP) adjustment time (     ), and supply line adjustment time (      ) represent 
the time allowed for the inventories to reach the desired levels. They model the behavioural 
aspect of the order generation; short adjusting times imply nervous buying behaviour while 
long times are equivalent to a smooth ordering strategy. 

The outputs of these adjustments can be seen as individual orders. Note that these individual 
orders can become negative while the minimum order size is zero. The total generated orders 
(  ) of an echelon is the sum of the forecast and the adjustments in supply line, inventory, and 
work in process (WIP). 

   𝑚𝑎𝑥                                                                    

Material orders are based on an anchor and adjustment heuristic (Tversky & Kahneman, 1974): 
the sales forecast acts as the anchor, with the adjustment stemming from the difference 
between actual and target stock, production and supply line levels. The desired inventory level 

 ̂  is a product of the forecast    and the desired inventory coverage  ̂ . The current stock level 
   is compared to the desired inventory coverage and the difference is expressed in the 
inventory adjustment          

 ̂      ̂                                                                                

      
 ̂    

 𝑛   
                                                                        

The desired supply line   ̂  consist of the multiplication of the current forecast     and the total 
lead time   , the time that it takes to produce and ship one unit of product from the upstream 
echelon n – 1. The desired supply line value is compared to the actual supply line value and the 
difference is expressed in the supply line adjustment         

  ̂                                                                                     
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  ̂     

      
                                                                 

In a similar manner as supply line and inventory adjustment, the work in process (WIP) 

adjustment       is modeled. The desired work in process stock  ̂  is the product of the 
forecast    and production time      . The lead time of the supplying echelon is not taken into 
account for WIP considerations due to continuous production. To calculate the work in process 
adjustment        the difference between the desired and actual work in process    is divided 
by the adjustment time      .  

 ̂                                                                                  

      
 ̂    

     
                                                                    

PRODUCTION 

To implement the lead time of incoming products from the upstream echelon n+1 we follow 
Brandstädter (2013) who states that including production and delivery delay in the total lead 
time better reflects upstream reality.    represents the total lead time of incoming product from 
the upstream echelon and is the sum of the production time        , the delivery delay of the 
product        , and the transport time       to ship it from the producing echelon n+1 to the 
receiving echelon n. 

                                                                              

The production sector models the flow of material through the echelon. The incoming material 
rate    is equal to the delivery rate of the immediately upstream echelon      plus a fixed 
delivery delay of transportation time      .  

  
       

       
                                                                                  

The supply line rate is the cumulative difference between orders placed and orders received.  

(
 

  
)                                                                                 

Incoming material is stored as work in process    which rate is modeled as the difference 
between the arriving product rate    and the production rate     It represents the materials 

which is currently in production and is initialized with the desired work in process  ̂ . 

(
 

  
)                                                                               

The production rate    describes the production output of echelon n and is only based on the 
size of the WIP stock    and the fixed production time      . In this production model is 
assumed that manufacturing time is independent of the utilization rate. Besides, is assumed that 
there are no capacity limitations. 

   
  

     
                                                                              



The inventory of echelon n,   , represents the finished goods (FG) inventory and its rate 

depends on the delivery rate (  ) and the production rate (  ). It is initialized with the desired 

inventory level  ̂ . 

(
 

  
)                                                                               

DELIVERY 

In the delivery sector incoming and fulfilled orders are handled. A backlog, to keep track of 
orders, is calculated as the cumulative difference between the incoming customer order rate 
(    ) and the actual delivery rate (  ). It is initialized with a multiplication of the incoming 
customer order rate and the delivery time. There only exists a backlog if demand cannot be met. 

(
 

  
)                                                                            

The order delivery rate    is the rate of product that is actually shipped out in response to the 

incoming customer orders. To calculate   , we first define the desired delivery rate  ̂ , which is 
equal to the current backlog divided by the expected delivery delay      , 

 ̂  
  

     
                                                                          

The maximum delivery rate of echelon n,          depends on the ability of the company to 
physically prepare the products for shipment and is modelled as the minimum time to fill orders 
     . 

𝑚𝑎𝑥     
  

     
                                                                 

The delivery ratio (  ) is calculated as the proportion of outstanding orders that can be shipped 
from stock. 

      {  
𝑚𝑎𝑥    

 ̂ 

}                                                            

Finally, the actual delivery rate is equal to the desired delivery rate  ̂  multiplied by the 
delivery ratio   . If the stock level is too low to satisfy all orders immediately the actual delivery 
rate is smaller than desired. If there is sufficient stock to satisfy all demand the actual delivery 
rate    will be equal to the desired delivery rate. 

    ̂                                                                             
 
Alternatively, equations 17 to 20 can be combined and the order fulfilment rate can be defined 
as: 
 

      { 
  

     
 

  

     
}                                                           
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4.2. PARAMETER ESTIMATION 

The parameters used in the modelling process can be divided into observable and behavioural 
parameters. Observable parameters are measurable parameters and are derived by literature 
review, expert interviews, and from historical data. Behavioural parameters are not directly 
measureable and are derived from literature review and adjusted according to expert opinion. 
All variables are calibrated with the comparison of observed and modelled LLDPE demand as 
payoff function. All parameter levels are constants. Table 3 and Table 4 show the initial value 
and the tolerance bounds of the parameters for both, the first and the last echelon. The values 
for the other echelons and the calibrated values of the final model can be found in Table B-2 and 
Table B-3 in the Appendix.  

We used partial calibration to obtain the best fit for the model. First, the three OEMs are 
calibrated against historical data. The second step is the calibration part in where we compare 
historical data about LLDPE demand with the variable “4 C4 orders”.  

The variables are bounded to minimize the chance that the model shows a good tracking of the 
overall behaviour generated through a set of unrealistic formulations. We want to prevent that 
the model generates the right behaviour for the wrong reasons. The lower and upper boundary 
levels are based on expert opinions and are introduced to prevent unreal variable values and to 
account for error and bias.  

OBSERVABLE PARAMETERS 

PARAMETER INITIAL  
VALUE 

TOLERANCE BOUNDS 

LOWER             UPPER 
4 C4 transportation lead time 1 0.75                       1.25 
4 Desired PE inventory coverage 5.70 3                             6 

4 Order fulfil delay 0.50 0.25                       0.75 
4 PE delivery time 0.50 0.25                       1 
4 PE production time 3 2                             4 

1.1 LLDPE-Product transportation     
        lead time converter 

1 0.75                       1.25 

1.1 LLDPE-Product transportation  
        lead time trader 

1 0.75                       1.25 

1.1 Desired OEM1 inventory coverage 5 2                             8 

1.1 Order fulfil delay 1 0.75                       1.25 

1.1 Final product delivery time 1 0.75                       1.25 

1.1 OEM 1 production time 2 1                             3.50 
TABLE 3 OVERVIEW OF OBSERVABLE PARAMETERS EXPRESSED IN WEEKS 

In case the calibrated value is the same as the tolerance bound, is investigated if changing the 
variable ceteris paribus leads to a better model fit. We keep in mind that the value has to be a 
possible value in the real world, so for example a production time of 0.0001 weeks is not 
allowed because of reality restrictions. During the recalibration several variables went far 
outside their boundaries. Although, some of these variables improved the model fit, we did not 
change these variables if they took unrealistic values. Variables that stayed outside their 
boundaries within a deviation of 30% were adjusted to optimize the payoff function.  

An example of a variable that went outside its boundaries and was not changed is “1.2 SF 
transportation lead time of the supplier”. The boundaries were 0.75 and 1.25 while the 
calibrated value was 164.19. An example of a variable that we did change although it went 



outside its boundaries is “3. SF delivery time”. The boundaries were 0.75 and 1.25 while the 
calibrated value was 1.29.  

BEHAVIOURAL PARAMETERS 

If available, literature was consulted to define the boundaries for the behavioural parameters. If 
not, data from previous master theses was adjusted by expert opinion. A high adjustment time 
indicates that changes on the related stock are barely taken into account. The findings for the 
resin supplier, echelon 4, are in line with literature (Udenio, et al., 2012). 

PARAMETER INITIAL  
VALUE 

TOLERANCE BOUNDS 

LOWER          UPPER 
4 Supply line adjustment time 1000 750                       1250 
4 WIP adjustment time of C4 orders 1000 750                       1250 

4 PE forecast adjustment time 10 7.50                      12.50 
4 PE stock adjustment time 10 5                            15 

1.1 Supply line adjustment time 1000 750                       1250 

1.1 WIP adjustment time of LLDPE-product orders 1000 750                       1250 

1.1 OEM 1 forecast adjustment time 500 250                        750 

1.1 OEM 1 stock adjustment time 10 3                             12 
TABLE 4 OVERVIEW OF BEHAVIOURAL PARAMETERS EXPRESSED IN WEEKS 

END MARKETS 

As explained in Chapter 1, there are four end markets that are responsible for the LLDPE C4 
demand. Three out of these four end markets have their own Original Equipment Manufacturer 
(OEM) that supplies end markets with material. The end market “manufacture of plastic 
packaging goods” does not have its own OEM because this end market concerns intermediate 
products. The data used within the model is indexed with 2010 as reference year, so we cannot 
just sum the demand of these four end markets. Therefore, we assigned percentages to the end 
markets based on their contribution to the entire demand. 

We split the end markets in two main sectors namely “flex packing” and “products”.  70% of the 
finished goods go to flex packing while the other 30% goes to plastic products. Because “plastic 
products” is the only end market within products this market counts for 30% of the total end 
market demand. The other 70% is split up between the other three end markets; “consumer 
food”, “consumer non-food”, and “plastic packaging goods”. The remaining split values can be 
found in Appendix B. 

SPLITS 

After echelon 4, 3, and 2 the supply chain is divergent 
(see Appendix Figure A-1). Figure 12 displays that a 
polymer producer can sell its LLDPE directly to a LLDPE 
converter but also to a resin trader. Table B-4, Table B-5, 
and Table B-6 list the used values to split the demand 
stream within the supply chain. The splits that leave or 
enter an echelon always sum up to one.  

  

FIGURE 12 EXAMPLE OF SPLIT 
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4.3. MODEL VALIDATION 

To validate the model several measurement methods are used. Below, they are mentioned one 
by one and a motivation of choice is given. 

 R², the coefficient of determination, provides information on the extent to which a 
model approximates the actual data. It does not say anything about causality in the data.  

 RMSE, the root mean square error, measures the deviation of the simulated variable 
from the actual value over a given time period. “The advantage is that large errors are 
weighted more heavily than small errors and that errors of opposite sign do not cancel 
each other out” (Abdel-Hamid, 1992). 

 Theil’s inequality statistics is used to understand the sources of error and decomposes 
the mean square error into three fractions. The three inequality proportions always sum 
up to one.  

o    measures the difference between the average values of the actual and the 
simulated data.  

o    measures how well the model’s estimate matches the degree of variability in 
the actual value.  

o    measures the unsystematic error and is the least troublesome error of the 
three. This measure suggests that an exogenous event influenced the system 
behaviour. 

“A low     indicates a strong correspondence between the modelled mean and the actual mean, 

and a low    indicates a similar correspondence between variances. Therefore, low variance 
and means statistics indicate that the error is unsystematic and therefore desirable” (Udenio, 
2013, p. 17). Table 5 shows the formulas of RMSE, R², and Theil’s inequality statistics and their 
values for the data series of the basic supply chain model. 

MEASURE DEFINITION FORMULA FIT week 
105 - 366 

R² Variance explained 
   (

 

𝑛
∑

      
̅̅̅̅        

̅̅ ̅̅  

    
)

 

 
0.2497 

RMSE Root mean square 
error √

 

𝑛
∑         

8.1268 

Theil’s Inequality 
Statistics: 

   

   Bias    
̅̅ ̅̅    

̅̅̅̅   

𝑀  
 

0.1347 

   Variance 
proportion 

   ̅̅̅̅    ̅̅ ̅  

𝑀  
 

0.3691 

   Co-variance 
proportion 

    √       
𝑀  

 
0.4962 

d: observed data              m: modelled data              X: value         ̅: mean       s: standard deviation 
TABLE 5 BASIC SUPPLY CHAIN MODEL FIT 

This basic supply chain model merely describes the general trend of the LLDPE C4 demand. 
There are no fluctuations present and the R² is only 0.2497. Theil’s statistics confirms the bad 

fit,    and    together represent more than fifty per cent of the error which means that the 
error is systematic. We use RMSE to compare the basic model with the extended model later on 
in this study. 



5. PRICE DYNAMICS 

The supply chain can be influences by price dynamics in several ways. Price fluctuation is the 
main factor why traders are present in the plastic supply chain. The first paragraph gives some 
information concerning the pricing history. Paragraph 5.2 describes extensively the effect of 
adding traders to the supply chain and their reasons to stock or destock material. Paragraph 5.3 
introduces the influence of price on the buying behaviour of end customers. This behaviour is 
mainly created by the traders who buy and stock material when prices are low and sell the same 
material when prices are high for a lower price than the resin suppliers do. In the last paragraph 
is described how we investigated the flow of both, resin and finished goods imports. 

5.1. PRICING HISTORY 

Figure 13 gives an overview of the price history and partly forecast of naphtha, ethylene, and 
film from January 2006 until September 2014 based on data from SABIC. The prices are shown 
in USD/MT. It is obvious that the prices of ethylene and film follow the same trend as the price 
of naphtha. Furthermore, the Lehman wave in 2008 is visible; it is represented as an enormous 
price increase since 2006/2007 with a peak in 2008 followed by a tremendous decline. After the 
Lehman wave the prices rise again but keep fluctuating.  

 

FIGURE 13 FLUCTUATION IN PRICES OF NAPHTHA, ETHYLENE, AND FILM (MARKET QUOTES, 2014) 

5.2. TRADERS 

The reasoning behind price extension in this model is that observed prices have influence on the 
stock level and by that eventually on order size. Chapter 2 described the influence of price via 
speculation, delayed buying and anticipation. If traders expect the price to decline in the future 
they will wait and buy to stock when the price is low. The C4 film price precisely follows the 
naphtha price (Figure 13). Keeping an eye on the movements of the naphtha price is an easy 
visible clue for traders to speculate about the price.   
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HYPOTHESIS I A:  Adding resin and finished goods traders to the supply chain of LLDPE C4 
will increase the fluctuation in demand at the further upstream echelon 

If we expect the fluctuation in the model to increase while adding traders, we can formulate a 
second hypothesis that claims that the model fit also increases with the enlargement of the 
supply chain with traders.  

HYPOTHESIS I B: Adding resin and finished goods traders to the supply chain of LLDPE C4 
will increase the fit of the modelled data in relation to the real data 

5.2.1. FORMULATION AND IMPLEMENTATION 

As in the basic supply chain model, the desired stock   ̂   is a multiplication of the desired 

inventory coverage   ̂   and the forecast     . In the trader sections this desired inventory 
coverage is adjusted; it is multiplied by a speculation factor (SF) as in Equation 1. The 
speculation factor is a variable based on the first and second derivative of price (Table 6). The 
price trend changes continuously and therefore in practice there will never be a time instant in 
which the second derivative is equal to zero. Because of theoretical modelling reasons we added 
the variable “speculation else”. 

The price used is the “EU LLDPE C4 CS film contract price (LOW)” that contains absolute, non-
normalised values. 

 ̂    ̂             Eq. 1 
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TABLE 6 SPECULATION FACTOR 

If the first derivative is zero this means that price reached a peak or trough. To determine which 
of the two we have to look at the second derivative. If the second derivative is larger than zero 
price reached a trough. At this moment in time the SF variable will be high: In the future price 
will rise and we know from literature that traders will use a pre-buy strategy at that moment 
and their desired inventory coverage will be high. Price is low so traders want to stock and buy 
their material from the supplier to sell it later on when the price gets higher.  

If the second derivative would have been smaller than zero, price would have reached a peak. 
Price will go down in the future and traders will apply the delayed-buying strategy (Chapter 2). 
So, at the moment when price reaches a peak, traders prefer a low desired inventory coverage. 
A high price means that they are able to sell their stock, which they bought for a lower price, just 
below the supplier’s price and make profit. 

 



The parameter “desired LLDPE-product inventory coverage” is a fixed parameter to ensure that 
it is a realistic number and the speculation factor can have the desired influence. The realistic 
number is based on expert interviews and on the maximum storage capacity of traders. Figure 
14 displays how the traders desired inventory coverage is implemented in Vensim. 

 

FIGURE 14 SPECULATION BY FINISHED GOODS TRADERS IN VENSIM 
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5.2.2. MODEL RESULTS 

Figure 15 shows the fit between the basic model output and the historical data after calibration. 
The visual bad fit was confirmed by statistical measurements which gave a low value of R² of 
0.2497 (Paragraph 4.3.). Figure 16 shows the fit of the model after the implementation of 
traders to the supply chain. Visible is that adding traders leads to more fluctuation in the output 
of the model so hypothesis I A is accepted: “Adding resin and finished goods traders to the 
supply chain of LLDPE C4 will increase the fluctuation in demand at the further upstream echelon”. 

 

FIGURE 15 MODEL OUTPUT BASIC SUPPLY CHAIN MODEL 

 

FIGURE 16 MODEL OUTPUT BASIC SUPPLY CHAIN MODEL PLUS TRADERS 

With an R² value of 0.6188 the model fit improved with 148% compared to the basic supply 
chain model and therefore also hypothesis I B is accepted: “Adding resin and finished goods 
traders to the supply chain of LLDPE C4 will increase the fit of the modelled data in relation to the 
real data”. 
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5.3. BUYING BEHAVIOUR OF (END) CUSTOMERS 

The resin traders give the converters the opportunity to buy products from them or directly 
from LLDPE suppliers. So in the model we implemented an extra input stream and a decision 
rule that decides what the trader fraction of the converter’s demand will be. In the same way, 
finished goods traders create the opportunity for the end customers to buy from them or 
directly from the converter. So in these echelons there are also extra input streams 
implemented with a decision rule that calculates the trader fraction. The percentage of demand 
that can be purchased from the traders is bounded by a maximum percentage to ensure that the 
converter and end customers do not buy 100 percent of their demand from the traders or from 
the LLDPE suppliers or distributors. 

The converter fraction is calculated by subtracting the trader fraction from the order income in 
that echelon. Further adjustments are made to make sure that the end customers do not order 
the entire supply rate of the traders or converters and to effectuate that there will be bought 
more from the traders in situations that the converters do not have sufficient supply to meet the 
end customers’ demand. The extra input streams are implemented at the converters (echelon 3) 
and at the OEMs of the end markets (echelon 1.1, 1.2 and 1.4).  

The fraction of demand that is bought at the traders depends on price and is calculated in the 
exact opposite way as the speculative stocking behaviour of the traders (Paragraph 5.2). When 
the converters’ price is low both, traders and end customers buy from the converters, so the 
trader fraction is expected to be low. However when the converters’ price is high, traders set 
their price just below the converters’ price and the end customers will buy from the traders 
which make profit by selling their stock. At the same time the traders do not buy from the 
converters because they wait for the price to fall, in this situation the trader fraction is expected 
to be high. Based on the above mentioned we define the two hypotheses below which are based 
on the buying behaviour of the converters.  

HYPOTHESIS II A: Converters buy relatively more from resin traders in times that price 
reaches a peak  

HYPOTHESIS II B: Converters buy relatively more from LLDPE suppliers in times that price 
reaches a trough 

To test these hypotheses we compared the expected values with the calibrated values of the 
fraction of demand that the converters buy from the traders. The expected values are based on 
expert interviews. As mentioned before we used the first and second derivative to decide the 
movement of price so only the trend of price is included in the model. For example, if the first 
derivative is larger than zero the price will increase in the future. A second derivative that is 
also larger than zero means that there is an increasing rise in price. There has just been a trough 
and converters will buy more from the suppliers than from the traders at that moment. The 
result is that the trader fraction is expected to be quite low. The formula used to implement the 
trader fraction into the model is explained in Paragraph 5.2.1.. 

Figure 17 visualizes the movement of price and the expected - and calibrated movement of the 
trader fraction. The orange line represents the expected trader fraction and is almost equal to 
the price movement which is shown by the light blue line. The dark blue line represents the real 
movements of the trader fraction after calibration of the model. 
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FIGURE 17 EXPECTED VS. CALIBRATED TRADER FRACTION 

Table 7 shows the expected values and the values retrieved after calibration of the extended 
model. As can be seen, the fraction of demand that is bought from the traders is high (0.8325) 
when price reached a top and low (0.00) when price reached a trough. A remarkable finding is 
the high value (1.00) when price just past its peak and is in a decreasing decline. A possible 
explanation for this value can be the reactive behaviour of the converters as well as the traders. 
Traders and converters noticed that price passed its top and traders decide to quickly sell their 
resin while converters quickly try to buy their resin. Although the higher fraction of buying from 
the traders after price reached its top is not completely as we expected, we can accept 
hypothesis II A and II B: “Converters buy relatively more from resin traders in times that price 
reaches a peak” and “converters buy relatively more from LLDPE suppliers in times that price 
reaches a trough”. 

PRICE 
MOVEMENTS 

EXPECTED 
VALUES 

CALIBRATED 
VALUES 

3 Trader =< Top 0.95 0.8325 

3 Trader => Trough 0.00 0 

3 Trader >> Increasing rise 0.25 0.246362 
3 Trader >< Decreasing rise 0.65 0.554378 

3 Trader << Increasing decline 0.85 1 
3 Trader <> Decreasing decline 0.20 0 
3 Trader else Inflection point 0.50 0.624662 

TABLE 7 COMPARISON OF EXPECTED AND CALIBRATED VALUES AT CONVERTER LEVEL 

5.4. IMPORT 

As discussed in the problem statement of this thesis, the import of LLDPE (products) has 
increased over the last years.  

There are two different flows of import present in the stretch film supply chain, the import of 
resin (LLDPE C4) and the import of finished goods. Interviews with experts are held to 
determine on which factors the level of import depends. Thereafter, the opinions of experts are 
tested on significance by using historical data and (cross-) correlation analysis in SPSS. We used 
seasonally adjusted monthly data retrieved from Eurostat from January 2010 until December 
2013 and in some cases from January 2007 until December 2013. In the two subchapters, the 
variables and their influence on import are discussed per import flow and the following 
hypothesis will be tested. 



HYPOTHESIS III A: A high level of resin import has a negative influence on resin production in 
Europe 

HYPOTHESIS III B: A high level of stretch film import has a negative influence on stretch film 
production in Europe 

HYPOTHESIS III C: Resin Import follows a pull strategy based on price 

5.4.1. RESIN IMPORT 

Sales managers report that import of resin as well as finished goods from outside Europe has 
increased over the last years, that these flows to Europe gained importance and are considered 
in planning decisions. To confirm their thoughts we do a correlation analysis between the 
imports of LLDPE and local sales, production, demand, stock and price spreads. As can be seen 
in Table 8 there is a strong positive significant correlation between LLDPE imports and LLDPE 
demand, naphtha price and ethylene price. These last two correlations underpin the thoughts of 
the sales managers; they confirm that on average there is significantly more import when 
feedstock prices are high. For this reason the price spreads are lower when there is a lot of 
import. At times of high amounts of import, sales managers face more competition because of 
the lower prices that can be asked because of the imported materials.   

The correlation between LLDPE imports and production is insignificant which means that the 
import level does not influence the resin production in Europe. In line with earlier findings of 
Brandstädter (2013)4 we reject hypothesis III A that “a high level of resin import has a negative 
influence on resin production in Europe”. 

CORRELATION WITH  
LLDPE IMPORTS 

PEARSON  
COEFFECIENT 

SIGNIFICANCE  
(2-TAILED) 

LLDPE Imports 1.000  
LLDPE Production .041 .803 
LLDPE Demand .642** .000 
LLDPE Sales .025 .879 
LLDPE Stock -.250 .124 
Naphtha price .374* .019 
Ethylene price .427** .007 
   Bold italic: ** Correlation is significant at the 0.01 level (2-tailed). 

                        * Correlation is significant at the 0.05 level (2-tailed). 

TABLE 8 CORRELATION BETWEEN LLDPE IMPORTS AND OTHER VARIABLES 

The cross-correlation between import and the price spread between LLDPE C4 film price and 
the ethylene price unveiled a significant positive correlation for the +1 lead indicating that this 
month’s price spread has an influence on next month’s import level (Appendix Figure C-1). A 
large spread between those prices means that the LLDPE C4 film price is relatively high. A cross-
correlation between import and the delta between this month’s LLDPE C4 film price and the 
previous month’s price shows that a high price delta will lead to a higher import level next 
month (Appendix Figure C-1). 

Demand has a one-to-one relationship with import; if the import level is high the demand will 
also be high (Appendix Figure C-3). A lot of import means that there is an oversupply situation 

                                                             
4 Brandstädter (2013) rejected the hypothesis “Imports of polyethylene to Europe influence local 
production output”. 
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and as a result prices will go down and the demand will rise. Besides, we can conclude that with 
a reliability of 95% the import level will on average be lower the next month if the demand this 
month is high (Appendix Figure C-3). If the demand is high this month the import will not be 
high next month because the supply chain is filled with stock.  

An analysis of import numbers from October 2010 until October 2013 shows that the six 
countries from where the most LLDPE was imported are Saudi Arabia, Qatar, Brazil, Kuwait, 
Korea and the United States of America.  The Gulf Cooperation Council (GCC), a political and 
economic union of Arab states bordering the Persian Gulf, namely Bahrain, Kuwait, Oman, Qatar, 
Saudi Arabia, and the United Arab Emirates, was responsible for on average 81% of the import 
into Europe. A visual representation of the GCC is given in Figure A-2 in the Appendix. 

Price is a crucial factor in the commodity industry. One price factor that we included is the price 
difference between Europe and Asia. GCC, as resin provider, has the choice to sell their LLDPE to 
the European markets or to markets in Asia. So it depends on the prices in Europe and Asia to 
whom GCC its resin sells. Taken into account that there is a lead time, we did not include these 
price differences in the correlation analysis.         

The cross-correlation shows a significant positive relation between the import and the price 
difference in Europe and Asia for the +1 lead. We can say with a reliability of 95% that the 
import level on average will be higher next month if the difference between the European and 
Asian price this month is high (Appendix Figure C-4). A relatively higher price in Europe means 
more profit for GCC when selling resin to Europe instead of selling to Asia. 

We can conclude that the flow of LLDPE resin into Europe is not only a pure pull strategy caused 
by high prices in Europe, but also follows push strategy based on the price difference between 
Europe and Asia. Hence, we reject hypothesis III C that “resin import follows a pull strategy 
based on price”. 

5.4.2. FINISHED GOODS IMPORT 

A same correlation as for resin import has been done for finished goods (FG) import. Table 9 
shows the correlation results with the different variables. 

CORRELATION WITH  
STRETCH FILM IMPORTS 

PEARSON 
COEFFICIENT 

SIGNIFICANCE 
(2-TAILED) 

FG Imports 1.000  
FG Production 2007-2013 -.258* .018 
LLDPE Demand 2007-2013 -.661** .000 
LLDPE Sales -.379* .017 
LLDPE Stock .044 .790 
Naphtha price .422** .007 
Ethylene price .748** .000 
LLDPE C4 Film price .656** .000 

Bold italic: ** Correlation is significant at the 0.01 level (2-tailed). 
           * Correlation is significant at the 0.05 level (2-tailed). 

TABLE 9 CORRELATION BETWEEN FINISHED GOODS IMPORT AND OTHER VARIABLES 

The import of finished goods shows a negative significant relationship with naphtha price, 
ethylene price, and LLDE C4 Film price. This can be explained in the same manner as for resin 
import. 

http://en.wikipedia.org/wiki/Arab_states
http://en.wikipedia.org/wiki/Persian_Gulf
http://en.wikipedia.org/wiki/Bahrain
http://en.wikipedia.org/wiki/Kuwait
http://en.wikipedia.org/wiki/Oman
http://en.wikipedia.org/wiki/Qatar
http://en.wikipedia.org/wiki/Saudi_Arabia
http://en.wikipedia.org/wiki/United_Arab_Emirates


Remarkable is that the import of finished goods shows a negative significant relationship with 
production. In contrast with resin import, there is less finished goods production if there is a lot 
of FG import. The reason why we do not see this correlation between production and the import 
of resin is that the resin supplier is located close to the crackers in the supply chain, which 
cannot be turned off. The production lines of FG on the other hand can be stopped. Based on this 
correlation we accept hypothesis III B that “a high level of stretch film import has a negative 
influence on stretch film production in Europe”. 

There is also a negative significant relation between finished goods import and LLDPE demand 
as well as between FG import and LLDPE sales. This can be explained by the previous 
correlation between import and production. High import of finished goods leads to less 
production which leads to less raw material (LLDPE) needed for production so less demand and 
sales of LLDPE. We conclude that FG import does influence the demand level at a higher echelon 
level. 

Figure 18 shows the increase in imported stretch film (finished goods). As can be seen, there has 
been an enormous growth since 2007. Figure 19 shows the production costs of stretch film. As 
can be seen, resin counts for 86.6% of the total stretch film costs. For this reason more and 
more stretch film is produced in countries where the feedstock prices are relatively low, for 
example Qatar. This is also the reason why resin is increasingly imported by Europe, as 
discussed in the previous paragraph. 

 

FIGURE 18 INCREASE IN STRETCH FILM IMPORT   FIGURE 19 STRETCH FILM PRODUCTION 
COSTS (EUROSTAT, 2013)    (SABIC, 2011) 

Since 2007 the summed stretch film import from Saudi Arabia, Turkey, and Tunisia represented 
more than 78% of all import per year and since 2010 it even has been above 90%. So again we 
include price differences between Europe and Asia and GCC in the cross-correlation. 
 
A cross-correlation between finished goods import and film price and naphtha price shows that 
the import level will be higher in the next two months when the delta price is high this month. 
Delta price is the price of film this month minus the price of film of the previous month. Hence if 
there is a price rise, the import level will increase in the upcoming two months (Appendix 
Figure C-5). The same relationship was found with naphtha price only with a lag of two months 
because of the lead time during the production process; with 95% reliability we can conclude 
that if the naphtha price is high the import level in two months on average will be higher 
(Appendix Figure C-5).  
 
Another significant cross-correlation was found on the price delta between Europe and GCC, 
and finished goods import. If the price delta between Europe and GCC is high this month there 
will be more import the next month. 47% of the FG import is coming from Saudi Arabia thus this 
cross-correlation graph confirms the push stream of stretch film. When prices are high in 
Europe, it is interesting for Saudi Arabia to sell its stretch film to Europe (Appendix Figure C-7). 
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5.4.3. IMPLEMENTATION 

Import has a correlation with demand but we cannot prove that this is a direct correlation. We 
have shown that import does not only depend on the demand in Europe but is also pushed to 
Europe by Saudi Arabia. For this reason we cannot conclude that there is one specific variable 
that predicts the import stream. This finding is confirmed by SABIC’s managers, who explained 
that there are no (fixed) moments based on specific rules or theories that help to decide when 
import will be sent to Europe.  

There is a clear correlation between finished goods import and production that has influence on 
the demand in our supply chain. We assume that the finished goods traders always have enough 
supply to fulfil end customers demand. The trader has two options to stock FG products, buying 
from the converter or importing material. This decision depends on the availability of material 
and the profitability. The import stream is connected directly to the trader’s stock position. If 
the finished goods stream coming from the converter is not enough to meet the demand, the 
trader will use the import stream. Assumed is that there is always enough material available to 
import and that this material is pushed into Europe so does not hold a lead time of two or three 
months. 

We do not implement the resin import because a lot of the import flows through companies 
such as SABIC (Chapter 1.3.2). Besides, resin import does not influence the production at the 
converter level and therefore this will not influence the demand at the resin suppliers (echelon 
4). 

5.5. VALIDATION AND CONCLUSION 

Figure 20 shows the supply chain as implemented in Vensim after the addition of price 
dynamics. As can be seen a resin trader is implemented between the resin supplier and the 
stretch film producer. The distributor, also named the finished goods trader, is added in 
between the stretch film producer and the end user, represented by the four end markets.  The 
finished goods import stream is directly connected to the finished goods trader following our 
previous assumption.  

 

FIGURE 20 SUPPLY CHAIN AS IMPLEMENTED IN VENSIM 

The basic model including price dynamics will be named the extended model from now on and 
will be discussed extensively in the next chapter. 



To compare the extended model fit with the basic model fit we use the same measures and same 
time span. Table 10 shows the improvements after including price dynamics into the model.  

MEASURE BASIC MODEL EXTENDED MODEL 
R² 0.2497 0.6183 
RMSE 8.13 5.38 

Theil’s Inequality 
Statistics: 

  

   0.1347 0.0001 

   0.3691 0.0898 

   0.4962 0.9101 
TABLE 10 COMPARISON BETWEEN BASIC MODEL FIT AND EXTENDED MODEL FIT 

As can be seen, the R² has improved drastically and the RMSE decreased. Theil’s statistics show 
that the error for the extended model is mainly positioned in the co-variation, which is 
desirable. All measurements indicate that the extended model better fits to the real data than 
the basic model. So, we can conclude that the model fit improved through adding price 
dynamics to the model. 
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6. EXTENDED MODEL 

The extended model is the final model and will be used to forecast the demand at SABIC. The 
variables are determined as explained in Paragraph 4.3.. R², RMSE, Theil’s inequalities and a 
new measurement named IAE are used to measure the fit and forecasts of the extended model. 

The first paragraph discusses the calibration method. In the second paragraph several 
verification and validation tests are performed and the chapter finishes with price calculations 
based on the demand forecasts of the extended model.  

6.1. CALIBRATION 

The first subparagraph underpins our choice of calibration period while the second 
subparagraph explains the calibration technique used to calibrate the extended model. Extreme 
situations such as the introduction of a higher import fee which caused a peak in import and 
demand in the last month of 2013 are deleted from historical data to optimize the fit of the 
model.  

6.1.1. THE CALIBRATION PERIOD 

The extended model is used to forecast the demand. To check the forecasting ability of the 
model, a moment in the past is forecasted and then compared to historical data. The forecasting 
horizon is one month, so four or five weeks in our model, and the total forecasted period is one 
year. The calibration horizon influences the forecast quality so we compare three different 
calibration horizons; two rolling horizons of 18 months, starting in week 5 (January 2007) and 
week 252 (November 2011), and one horizon that starts in week 252 and expands its 
calibration horizon over time. To compare the forecasts we use the same error measures as 
with the validation of the model fit, namely R², MSE, and Theil’s inequality statistics. The 
forecasting horizon is one month so we will get twelve different values for R², these are visible 
in Table B-1. At this point we introduce the Integral Absolute Error (IAE) measure (see Equation 
2). The IAE gives information about the absolute deviation between the modelled data and 
historical data by calculating the difference between a set point and the controlled variable. The 
smaller the IAE, the less the absolute deviation of the forecasted variable to the real data is. 
Table 11 shows the measure results of the forecasts. 

∫              Eq. 2 

MEASURE ROLLING FROM 
WEEK 5 

ROLLING FROM 
WEEK 252 

FIXED FROM  
WEEK 252 

R² 0.3357 0.2201 0.2134 
RMSE 5.65 7.03 7.26 
IAE 247.32 109.03 293.89 
Theil’s Inequality Statistics:    
   0.0036 0.0066 0.0711 

   0.1695 0.0005 0.0031 

   0.8268 0.9928 0.9258 
TABLE 11 MEASURES FOR DIFFERENT FORECAST HORIZONS 

The R² is low for all time horizons because the compared data exists of twelve different 
forecasts pasted together which do not form a fluent line to compare with the real data. The 



same theory explains the relative high values for MSE for all the different horizons. It is obvious 
that the rolling horizon starting in week 252 scores the best on IAE and on Theil’s inequality 

statistics. The lowest value for IAE and the error concentrated in    ensure that the absolute 
error is the lowest and the error is unsystematic. So, the model generates the best forecast when 
taking into account more recent data and the calibration period will be a moving period of 18 
months starting in week 252 (October 2011). 

6.1.2. CALIBRATION METHOD 

A large-scale model with numerous parameters that all influence the model’s outcome on their 
own needs a good calibration. The model is extremely sensitive and a change in one parameter 
can cause an extremely wrong fit and/or forecast. The used software package provides several 
different optimization methods. The repetitive random search based on Press et al. (2007), in 
which both the order of the parameters and the value within the boundaries is random, yielded 
the best result. But this simulation took almost 500,000 runs. Depending on hard disk writing 
speed of the computer this simulation might take more than 12 hours and this process should 
be executed 12 times to forecast a year, because of the use of a rolling calibration period.  

To test the variability of the variable outcomes the model, with all its 107 variables, is calibrated 
ten times and is paused when the payoff value starts to flatten which happened after about 
5,000 runs. The first calibration is based on the output of a calibration of the entire horizon, 
week 252 (October 2011) until 383 (April 2014). For every next run output of the previous run 
is used. After ten runs we conclude that 47 of the variables did not change during the ten 
calibrations, 20 variables kept unchanged after the first calibration, and 29 variables kept 
unchanged after the second calibration. This means that almost 90% of the variables did not 
change anymore after the third calibration. Only three of the 107 parameters changed 
significantly after the third calibration while eight variables showed minimal changes, indicated 
by a coefficient of variation of zero. Besides, the value for R² did not change significantly after 
the third calibration. The outcome of all ten calibrations can be found in Table B-2 and Table B-
3. In conclusion, calibrating three times per time horizon is enough to perform a forecast.  

6.2. MODEL VERIFICATION 

In this section is studied whether the model correctly measures what we aim to measure. We 
test for this correctness by performing a number of verification tests. Paragraph one displays 
the visual fit of the model and paragraph two deals with partial model validation. The third and 
fourth paragraph show how the model reacts to a single pulse and pulse with a longer duration, 
while paragraph five shows how the model reacts to extreme circumstances. The model 
verification ends with a sensitivity analysis in paragraph five.  

6.2.1. VISUAL FIT 

The R²-value of the extended model after calibration over the chosen horizon is equal to 0.85. 
Additionally Figure 21 shows that there is a visible fit between the blue and the red line, 
representing the real data of demand and the demand fitted by the model. Because the visual fit 
of the model is good and the ideal calibrated period is determined in Chapter 6.1 there is no 
need to split up the model in timespans and to perform a time period comparison. 
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FIGURE 21 EXTENDED MODEL FIT 

6.2.2. PARTIAL MODEL ESTIMATION 

Partial model estimation controls the fit of the model to parts that not have been calibrated. The 
payoff function used in the calibration only included observed and modelled demand at echelon 
4, the resin suppliers. Reliable external data is available for the production volume as well as for 
the sales and stock levels of echelon 4. Sales levels represent the demand volume minus the 
import volume. Figure 22 shows the visual fit of the model, graphs of the other variables can be 
found in Appendix D. Table 12 lists the validation results for the different measureable outcome 
levels. The output of the stock level is divided by the desired inventory coverage to get 
reasonable values to compare with the indexed historical data. 

 

FIGURE 22 BEHAVIOURAL FIT: STOCK LEVEL ECHELON 4 

MEASURE DEMAND STOCK PRODUCTION SALES 
R² 0.85 0.50 0.29 0.10 
RMSE 2.87 8.24 15.20 13.89 
IAE 188.23 556.64 1069.59 956.19 
Theil’s Inequality Statistics:     

   0.000 0.297 0.775 0.688 

   0.025 0.037 0.045 0.040 

   0.975 0.665 0.180 0.272 
TABLE 12 STATISTICAL FIT, PARTIAL MODEL ESTIMATION 
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As can be seen in the figures and in Table 12, there is not a good fit between the historical data 
of the other parts of the model and the modelled data. The R² value for stock, production, and 
sales is far below the desired outcome. The RMSE and IAE values for stock are more than three 
times as high as for demand, not to mention the other two parameters. Theil’s statistics tell us 
that there is a less strong correspondence between the modelled mean and the actual mean, 
especially for production and sales. The bad fit between the modelled and actual values for the 
three parameters can be caused by the calibration which brings two problematic flaws. During 
the optimization the data set is calibrated with the historical data and the difference between 
the two data sets is minimized. The first problematic flaw is that the assessment of fit, which 
measures exactly this difference, becomes a self-fulfilling prophecy. The second is that the 
statistical type II error5 increases because of the high amount of parameters.   

We need to conclude that the extended model does not give a good reflection of the sales and 
production levels of the LLDPE suppliers. The model focuses on the demand level. If the payoff 
function would include production it would probably give a better result for this part of the 
model. But keep in mind that focussing on another payoff function would lead to the 
implementation of other variables and rebuilding parts of the model because of different 
priorities and key elements. 

6.2.3. PULSE TEST 

This pulse test checks whether the model reacts logically to a single pulse shock. All parameters 
are kept constant while the price is changed to a constant price with a single pulse shock of  
+ 10 % in May 2010. The blue line in Figure 23 represents the price including the 10% price 
increase (from 1,250 euro per tonne until 1,375 euro per tonne). The red line visualizes how the 
demand reacts to this price increase over time. The vertical axis of Figure 23 show that demand 
reaches from 75 until 100 units per week while price goes from 1,225 until 1,400 euro per 
tonne. Visible is the trough that has a duration of around half a year creates a decline in demand 
of approximately 4%. After the price decreases again there is an increase of approximately 5% 
in demand.  

The initialization period of the model in where the variables reach their equilibrium caused a 
peak at the beginning of the graph. The graphs included in this thesis start after the initialization 
period because the first part of the graph is not relevant for pulse and step tests.  

                                                             
5 Type II error = the failure to reject a false null hypothesis. 
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FIGURE 23 SINGLE PULSE SHOCK IN WEEK 175-178 

6.2.4. STEP TEST 

A step test controls for the same as the pulse test in the previous paragraph. The only difference 
is that the step test has a pulse with a longer duration. Figure 24 shows that at the moment of 
the price increase demand declines with approximately 3%.  During the price raise the demand 
starts to rise again because the model only includes the price trend and not the level of price. At 
the moment of the price decrease an increase in demand of more than 6% is visible. 

The peak before the price increase and the trough before the price decrease show that 
customers anticipate on the price movements. It takes the model around half a year to get back 
on the original average level of demand after the step. Two additional step tests with shorter 
durations of price increase can be found in Appendix D.  

 

FIGURE 24 STEP TEST OF TWO YEAR  
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6.2.5. EXTREME CONDITION TEST 

This extreme conditions test examines the model’s robustness in extreme, often unrealistic 
conditions. Two scenarios were tested; a high demand scenario with a constant end market 
demand of 1,000 units/week, and a scenario without end market demand, so 0 units/week.  

Figure 25 shows the behaviour of the model. In the scenario of extreme high demand the stock 
and the backlog of LLDPE orders keeps fluctuating around the same amount of units per week. 
The other extreme scenario led to a situation in which the backlogs became zero and hence the 
delivery ratio caused an error. This was solved by adding a very small amount to all the input 
parameters of the backlogs. After this correction both the stock as well as the backlog is 
constant at zero. The model behaves as supposed, it does not explode at any time and the 
inventory levels do not become negative.  

 

FIGURE 25 EXTREME CONDITION TEST 

6.2.6. SENSITIVITY ANALYSIS 

Monte Carlo sensitivity analyses are performed to test the robustness of the model. The 
analyses count 2,000 runs and parameters are changed simultaneously within their boundaries 
following a random uniform distribution. First, the influence of behavioural and observable 
parameters on the final demand is tested. Second, the influence of parameter changes per 
echelon on final demand is compared. Prior knowledge from literature concerning the bullwhip 
effect makes us expect that changing parameter values in a lower echelon has more influence on 
the variability of the demand curve than changing parameter values in an echelon further 
upstream in the supply chain.  

Figure 26 shows the sensitivity of the demand curve of the LLDPE supplier (echelon 4) when 
changing all the variables of echelon 4. Figure 27 shows the sensitivity when changing only 
observable variables in echelon four, and Figure 28 shows the influence of changing only the 
behavioural variables. It is obvious that the behavioural parameters are mostly responsible for 
the robustness of the model, especially in the peaks and troughs. This matches the finding 
during the calibration: The three variables that varied the most during the calibration were all 
three behavioural parameters. 
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SENSITIVITY ANALYSIS OF ECHELON 4, UNIFORM DISTRIBUTED WITH 2000 SIMULATIONS PER RUN 

 

FIGURE 26 ALL PARAMETERS             FIGURE 27 OBSERVABLE           FIGURE 28 BEHAVIOURAL 
PARAMETERS            PARAMETERS 

To control the model for the existence of the bullwhip effect we ran five Monte Carlo sensitivity 
analyses, one for every echelon in the supply chain. Echelon four represents the LLDPE supplier, 
echelon 3.5 the resin trader, echelon 3 the converter, echelon 2 the distributor/ finished goods 
trader, and echelon 1 the end markets.  

The existence of a bullwhip effect can be proven but only for echelon 4 until echelon 2. Changing 
variables in the last echelon, echelon one, does not start a bullwhip effect. The end market 
demand is very stable since the Lehman wave in 2008 and as showed in Chapter 5.2 the impact 
of traders is tremendous. So, we conclude that the variability in demand is not caused by a 
bullwhip effect starting at the end customers but by the traders of finished goods as well as 
LLDPE resin. Another explanation is the fact that the naphtha crackers are located one level 
before the resin suppliers in the supply chain. As mentioned in Chapter 1 these crackers operate 
twenty-four seven, fifty-two weeks a year (not taken into account unplanned and planned 
breakdowns). For this reason it is impossible to reduce or increase the production as reaction to 
demand changes and start a bullwhip effect. This is in line with findings of Cachon et al. (2007) 
who argued that manufacturing industries generally do not exhibit the bullwhip effect. 

Figure 29 until 33 show the output graphs the sensitivity of the variable “C4 orders”, the final 
demand at the supplier, when changing parameter values per echelon. An increase in sensitivity 
from Figure 29 until Figure 32 displays the bullwhip effect. The sensitivity to changes in the end 
markets is almost negligible as can be seen in Figure 33. 

 

FIGURE 29 ECHELON 4      FIGURE 30 ECHELON 3.5         FIGURE 31 ECHELON 3 

 

    FIGURE 32 ECHELON 2         FIGURE 33 ECHELON 1 



6.3. THE INFLUENCE OF PRICE 

In this paragraph the influence of price on the forecast of demand is explained. The extended 
model is calibrated from November 2011 until May 2014. There are three variables that 
function as input for the model, namely customers demand at the four end markets, produced 
and manufactured goods to calibrate these end markets, demand at the LLDPE supplier to 
calibrate the model results, and price. The demand has been relatively constant after the 
Lehman wave in 2008 so we assume that it stays constant and we stabilize the demand in July 
on the same level as the demand at the end of June. The price of July is the only input that is 
variable. We sketch five different scenarios depending on price. To test the influence of price on 
the demand at the LLDPE supplier we control the model for a constant price, price increases and 
price decreases. As mentioned before we use the EU LLDPE C4 CS film contract price (LOW) 
which is given in EUR/MT. 

MONTH 
PRICE (€) 

November 
1,456 

December 
1,483 

January 
1,512 

February 
1,483 

March 
1,461 

April 
1,455 

May 
1,455 

June 
1,455 

July 
1,420 

1,435 
1,455 
1,475 
1,490 

TABLE 13 PRICE HISTORY AND DIFFERENT PRICES FOR JULY 

Table 13 shows the price history and the five different prices that were used to create the 
scenarios for demand forecast during this study. Below, the first and last scenarios, the 
scenarios that have the most extreme values for price, and the scenario with a constant price are 
shown. The other two scenarios can be found in Appendix D. 

 

SCENARIO 1: JULY PRICE 1,420 €/MT. 

The left graph in Figure 34 shows that the extended model forecasts an increase in demand. A 
slightly smaller increase is visible in the table when the price decreases until 1,435 € / MT. This 
is exactly what we expected. In previous chapters we saw that traders have a huge influence on 
the demand and buy to stock material when prices are low.  

 

SCENARIO 3: JULY PRICE 1,455 €/MT. 

Scenario 3 shows the forecasted demand if the price in July is equal to the price in June. The 
middle graph in Figure 34 shows that the forecasted demand fluctuates around the same 
amount as in May 2014.  

 

SCENARIO 5: JULY PRICE 1,490 €/MT. 

The right graph in Figure 34 shows that with a price of 1,490 euro in July the expected demand 
at the LLDPE supplier will decrease. A same decrease in forecasted demand is visible in the 
table with a price of 1,475 euro in July. Both show that if prices are high the demand will be 
lower. This is exactly what we expected to happen. 
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If we look at these scenario analyses we can conclude that price in the forecasted month 
influences the demand level at the supplier that month. The next paragraph discusses a finding 
concerning the buying behaviour of customers that we found during this scenario analysis. 

 

FIGURE 34 FORECAST FOR SCENARIO 1, SCENARIO 3, AND SCENARIO 5 

6.3.1. PRE-BUYING 

We compare two scenarios; in scenario A the price 
in the upcoming two months first increases with  
40 euro and then declines with 20 euro in 
scenario B the price increases with 20 euro and 
stays equal in the second month. Figure 35 shows 
the two different scenarios. The first part in the 
graph with only the red line represents June, the 
second part represents July. Both scenarios show 
the same decline in demand in July because of the 
raise of price. But, the small top in the left graph of 
Figure 35 displays a difference. Customers start to 
pre-buy because of the extreme large price 

increase of 40 euro in June, while this is not the 
case when the price increases with only 20 euro 
as can be seen in the right graph of Figure 35. We can conclude that customers choose a riskless 
buying strategy where they delay orders when the price rises with a relatively large amount. 

6.3.2. PRICE CALCULATIONS 

For all five price scenarios calculations have been made. The changes in percentage forecasted 
demand are multiplied by 278 because the forecasted demand is indexed on the average of 
2010, which is 278 kt. The changes in demand are in kilo tonnes and represent the decrease or 
increase in the entire European market of LLDPE C4. Table 14 displays the indexed differences 
in changes in demand between the scenarios as well as the changes in kilo tonnes. We assume 
that a company sells 30 percent share every month to simplify the calculations.  

 

 

    FIGURE 35 SCENARIO A AND B 



Table 14 also shows the change in the company’s demand in tonnes and in Euros. The average 
price over 2014 was 1,439 euro per ton. We found that a price increase from 1,455 euro to 
1,490 euro (scenario 5) in July with respect to June leads to a decrease of 4,404,462 euro in the 
turnover of SABIC. 

 SCENARIO 1 
1,420 euro  

SCENARIO 2 
1,435 euro  

SCENARIO 3 
1,455 euro 

SCENARIO 4 
1,475 euro 

SCENARIO 5 
1,490 euro 

June 
 

Change (ind.) - 0.86  - 0.56 1.52 - 3.61 - 3.32 

Change (%) - 0.83 - 0.54 1.47 - 3.31 - 3.05 

Change (tonnes) - 2,307.4 - 1,501.2 4,086.6 - 9,201.8 - 8,479 

Company (tonnes) - 692.22 - 450.36 1,225.98 - 2,760.54 - 2,543.7 

 Company (€) - 996,105 - 648,068 1,764,185 - 3,972,417 - 3,660,384 

July 
 

Change (ind.) 3.55 2.13 - 1.39  - 3.75 - 3.88 

Change (%) 2.69 2.07 - 1.32 - 3.55 - 3.67 

Change (tonnes) 7,478.2 5,754.6 - 3,669.6 - 9,869 - 10,202.6 
Company (tonnes) 2,243.46 1,726.38 - 1,100.88 - 2,960.7 - 3,060.78 

 Company (€) 3,228,339 2,484,261 - 1,584,166 - 4,260,447 - 4,404,462 

Total 
 

Change (ind.) 1.89 1.57 - 0.13 - 7.36 - 7.20 

Change (%) 1.83 1.52 - 0.13 - 6.74 - 6.61 

Change (tonnes) 5,087.4 4,225.6 - 361.4 - 18,737.2 - 18,375.8 

Company (tonnes) 1,526.22 1,267.68 - 108,42 - 5,621.16 - 5,512.74 

 Company (€) 2,196,231 1,824,192 - 156,016 - 8,088,849 - 7,932,833 
TABLE 14 CHANGES IN DEMAND PER SCENARIO 

The difference between a constant price in July and an increase such as in scenario 5, shows a 
difference in turnover of almost 3 million Euros. A stable demand to ensure higher sales during 
July could have been achieved by setting a lower price. In this manner the company would 
probably have sold more kilo tonnes at a lower price rate but at least prevented the enormous 
decline in demand and turnover.  
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7. MANAGERIAL INSIGHTS 

This chapter is addressed to the managers that are involved in the sales and operations 
planning process. The first chapter discusses the ways in which the model can be used in the 
organization. The second explains how the model can be used by the organization.  

7.1. INSIGHTS 

This study shows that both resin traders as well as finished goods traders have a tremendous 
influence on the demand level at the resin supplier. By offering the customers cheaper material 
in case the price reaches a peak, the traders sell their material for a higher price than the initial 
purchase price and make profit. At the same time they ensure that customers buy material from 
them instead of their supplier and the demand at the suppliers level drops. The investigated 
market concerns a commodity product. A commodity product is perfectly interchangeable 
between players and therefore price is an important factor. In the case that price reaches a 
trough, both traders and converters buy their material from the supplier and the demand at the 
supplier level reaches a peak. All in all, the traders in the plastics supply chain are responsible 
for the fluctuating demand at the supplier level.  

The model built, forecasts the demand at the resin supplier level for the upcoming one or two 
months. Although the stable end market demands, resin suppliers face high fluctuating demand. 
The model can be used to diminish this fluctuation. A forecast that shows a decline in demand 
can encourage management to lower the price upfront to provoke higher demand and in this 
way avoid a deep trough in demand and a lower turnover than in the previous month. The 
model’s forecast can help the manager with his/hers price setting. The model can also be used 
to test for several scenarios. Managers can use the information to influence the market and steer 
the market in the way they prefer. 

The direction of the forecasted demand can be explained by looking into the model. Every 
echelon has its own page with constants and parameters in the Vensim model. Appendix E 
shows how a decline in demand is caused by traders. In the model is visible that the desired 
inventory level for traders declines which means that they start to sell their material to their 
customers and both, the traders and the customers do not buy from the suppliers and 
converters. This causes the decline in demand. The model gives the management the 
opportunity to look into all parameter levels at every echelon level. In this way management can 
study the dynamics in the supply chain which leads to a better understanding of the chain. 

The model fails to create an adequate fit for sales, production and stock levels of the resin 
supplier. This can be improved by changing the payoff function from demand to one of these 
three parameters, before calibrating the model. As mentioned before changing the payoff 
function would lead to the implementation of other variables and rebuilding parts of the model.  
So, the delivered model should purely be used to forecast demand. 

Furthermore, the model takes into account the trend of price because the price fluctuates 
continuously but it does not take into account the price level itself. If in an extreme situation, the 
price would rise tremendously until a level at which customers stop buying, the model would 
not respond well.  

  



7.2. APPLICATION OF THE MODEL 

The model is created in Vensim, a system dynamics software package. The model requests a 
certain level of experience because of its complexity in handling and interpreting outcomes. 
Data maintenance includes updating the demand of the four end markets, historical data to 
calibrate the end markets and the total model, and price with its first and second derivative. All 
data should be interpolated before the model can be updated (see Chapter 4). The calibration 
itself has to be done three times (see Chapter 6.1) before the forecast can be done. The model is 
built to deliver a short range forecast and therefore it is necessary to update all the data in the 
model including the current month. To forecast July the model requires all data until June. If 
data is not available at that moment in time experts need to put in realistic numbers to ensure 
the best forecast possible.  

A user manual is added to this thesis to facilitate the use of the model in the future.  

Furthermore, the model can best be used within a segment in which the company is market 
leader. The company should be able to have influence on the market with its price- and volume 
settings. If the company is only responsible for a small share in the market the model can still be 
used to look into the supply chain but changing price- and volume settings will probably not 
affect the behaviour of players in the supply chain. 
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8. CONCLUSIONS AND FURTHER RESEARCH 

This last chapter summarises the key findings of the study, in particular the result of the 
hypotheses and answers to the two research questions. Besides, the limitations of the study are 
discussed and recommendation for further research is given. 

8.1. CONCLUSIONS 

This study contributes to research in three ways: First, is proved that traders are responsible for 
the fluctuating demand at resin suppliers. Second, the buying behaviour of the converter with as 
supplier options, the resin supplier himself and the trader, demonstrates that the converters 
prefer to buy from the resin suppliers when price is low and from resin traders when price 
reaches a peak. Third, resin import from outside Europe does not affect the resin production in 
Europe while finished goods import from outside Europe does affect the finished goods 
production level in Europe and thereby the resin demand in Europe. 

8.1.1. HYPOTHESES 

Table 15 gives an overview of the hypotheses answered during this study and a reference to the 
Chapter in which they are discussed.  

 HYPOTHESIS OUTCOME REFERENCE 
 I A Adding resin and finished goods traders to the supply 

chain of LLDPE C4 will increase the fluctuation in demand 
at the further upstream echelon. 

Accepted 5.1.2. 

I B Adding resin and finished goods traders to the supply 
chain of LLDPE C4 will increase the fit of the modelled 
data in relation to the real data. 

Accepted 5.1.2. 

II A Converters buy relatively more from resin traders in 
times that price reaches a peak. 

Accepted 5.2. 

II B Converters buy relatively more from LLDPE suppliers in 
times that price reaches a trough. 

Accepted 5.2. 

III A A high level of resin import has a negative influence on 
resin production in Europe. 

Rejected 5.3.1. 

III B A high level of stretch film import has a negative influence 
on stretch film production in Europe. 

Accepted 5.3.2. 

III C Resin import follows a pull strategy based on price. Rejected 5.3.1. 
TABLE 15 OVERVIEW OF HYPOTHESES 

Accepting hypothesis I A confirmed the thoughts of the business managers of SABIC. As they 
expected, the traders are responsible for the fluctuating demand at the most upstream level of 
the investigated plastics supply chain. Hypothesis II A and II B deal with the buying behaviour of 
the converters and again traders play an important role. By giving the converters the 
opportunity to buy from them when prices get higher, they influence the converters their 
buying behaviour and thereby the demand at the suppliers their level. 

The second factor investigated in this study, import, is treated in hypothesis III. Against the 
expectations, hypothesis III A was rejected. Resin import does not influence the resin 
production in Europe, while finished goods import does influence the finished goods production 
in Europe. The explanation for this remarkable difference is the location of crackers in the 
supply chain. One station higher upstream in the supply chain before the resin supplier, the 



cracker is located. Turning of a cracker is extremely expensive and besides is it not possible to 
buffer the full production loss during a cracker outage by building up stocks beforehand. 
Crackers are ideally not turned off. The LLDPE coming from the crackers has to be used because 
of the lack of storage location and therefore the resin suppliers keep on operating, no matter the 
amount of import coming into Europe. 

On the contrary, the converters can stop their production lines if operating is not profitable 
anymore. So, finished goods import does influence the production levels.  

Hypothesis III C is about the discussion about resin import following a push or a pull strategy. 
The hypothesis that resin import follows a pull strategy based on price had to be rejected 
because evidence was found for import to follow both, a push and a pull strategy. Resin was 
pushed into Europe by GCC when the price difference between Europe and Asia was relatively 
large. GCC would make more profit by sending resin to Europe instead of sending it to Asia. 
From the other side, resin was pulled into Europe when prices in Europe were relatively high. 

All in all, this study showed that the traders dominate the supply chain by influencing buying 
behaviour and price while in general a market leader has the power and market share to be the 
dominant player in this supply chain. 

8.1.2. RESEARCH QUESTIONS 

The first research question concerns the relationship between final customer demand, price 
dynamics, and re-active (de)stocking and how they influence the short range demand for the 
commodity product stretch film. Chapter 5 gave an extensively overview of price dynamics and 
their influence on demand. The most important findings were the influence of the traders 
(hypothesis I) and the buying behaviour of the converter (hypothesis II). 

Findings about customer buying behaviour, traders and import were implemented in the basic 
supply chain model. The active (de)stocking behaviour of traders was implemented by adding a 
variable desired stock level at the traders their echelons. However, the model did not achieve a 
good fit between modelled and historical data of stock for the resin supplier.  

I. What is the relationship between final consumer demand, price dynamics and 
re-active (de)stocking and how do they influence the short range demand 
(horizon 1 to 2 months) for the commodity product stretch film?  

 
III. In what manner do price- and volume settings of a supplier influence the 

buying behaviour of their customers?  
 
The second research question is more company specific and concerns strategies concerning 
price and volume settings to influence the market demand. The created model concerns the 
entire market demand of Europe, not only SABIC’s demand. The last paragraph of Chapter 6 
treats the influence of price setting.  
 
Assumed is that a market leader is able to set prices. A company has two variables with which 
they can influence the demand, namely price and available volume. We saw that when price 
raise, the demand will decline, the other way around, if price decreases, the demand will rise. So, 
a supplier can try to keep demand stable with help of the forecast. If the model forecasts that the 
demand will decline they can choose to lower the price which ensures that the demand will rise.  
 
Furthermore, we found that the level of resin import is higher when price is high. Volume and 
price are related to each other, the more volume available the lower the prices. In general a 
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market leader is able to set prices in such a way that import stays low, at least at moments that 
he wants import to be low. So, a market leader is also able to play with their volume settings to 
influence prices and to influence the level of import. A high level of import at suppliers means 
that there is enough supply and prices will go down. Lower prices means more sales this month 
and partly because of the traders who stock material when prices are low and sell when prices 
go up again, suppliers face less sales in the next month. To avoid this, they can choose to limit 
the amount of resin that they sell. If they limit the volume, the prices will probably not decline 
that much, sales will be lower but the demand will not face a huge decline in the next month.  

8.1.3. LIMITATIONS 

The focus of the study is limited to Europe including finished goods import. Demand from 
outside Europe is not taken into account so this model is only focused on the European market. 
Furthermore, the model covers the entire market demand for stretch film and does not include 
specific information concerning the company behaviour or the behaviour of competitors on its 
own. 

The study is limited to LLDPE C4 stretch film. First of all, this is a single product with stable end 
market demand, and second, it is a commodity product. It is likely that other product streams 
and prices behave differently. The exact findings are not transferable but the model can be 
adjusted to be applicable to different end markets. 

The largest limitation was access, timespans, accuracy and sort of data. The forecast quality 
highly depends on the calibration and the data necessary for calibration was not available. So, 
by default the model was calibrated on demand history of LLDPE instead of LLDPE C4. Based on 
expert opinion we assumed that LLDPE C4 would move in the same directions as LLDPE 
because C4 represents the largest segments of LLDPE. During the study we observed that public 
data is often not completely up to date. Besides, in most cases it was only possible to retrieve 
the indexed data or data compared to previous months instead of the exact demand numbers.  

Most of the data was available on a monthly basis. Cubic spline interpolation was used to 
retrieve weekly data because this interpolation captures the time series data well. However, it is 
not able to fully capture intra-month behaviour. This is a limitation since demand and prices are 
given summed over the month while in real life they occur in different times of the month. 

8.2. FURTHER RESEARCH 

The first section of this paragraph describes suggestions for further research related to the 
model built. The second section describes suggestions for further research beyond the 
limitations mentioned above. 

Further investigation can be done into the variability of the percentage of material flowing via 
traders to the customers (converters or end customers). During this study we assumed that this 
amount of material is a constant percentage of the customer’s demand. Other attention points 
are implementations concerning price. The existence of pricing policies and the influence of end 
of the quarter inventory targets could also play a role in demand amplification. 

This model was especially built for the segment LLDPE C4 stretch film. It is a challenge to adjust 
the model to different segments in the future. 



During the calibration we found that very high or low parameter values could lead to an 
increase in the payoff function. To optimize the model the reasons for this better performance 
should be investigated in the future.  

Further research, not concerning the modelling, can be done into import. Although we proved 
that there is a pull and a push strategy, we could not replicate the historical import data by 
using just variables. 

Finally, sales would be an interesting subject for further research. During the price calculations 
made we assumed that SABIC has a market share of 30% and is able to sell their share every 
month. This assumption cannot be confirmed because the buying behaviour of customers 
depends on multiple other factors such as the price of competitors, the total customer demand 
etc. These other external factors are not included in the current model and therefore we 
recommend investigating how external factors influence the buying behaviour of customers and 
thereby the variations in market share of a company. This investigation can be used to build a 
model that forecasts the amount of sales and market share of a company with a certain price 
setting. 
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9. LIST OF ABBREVIATIONS 

BRIC  Brasil, Russia, India and China 
CBO  Carbon Black Oil 
CD  Cracker Distillate 
GCC  Gulf Cooperation Council 
FG  Finished Goods 
 
HDPE  High Density Polyethylene 
IAE  Integral Absolute Error 
KSA  Kingdom of Saudi Arabia 
Kt   Kilo tonne 
LDPE  Low Density Polyethylene  
 
LLDPE  Linear Low Density Polyethylene 
ME  Middle East 
MSE  Mean Squared Error  
OEM  Original Equipment Manufacturer 
RMSE  Root Mean Squared Error 
 
SABIC  Saudi Basic Industries Corporation 
SBU   Strategic Business Unit 
SC   Supply Chain 
SCM  Supply Chain Management 
SF   Stretch Film 
 
S&OP  Sales and Operations Planning 
TUE   Eindhoven University of Technology 
US  United States (of America) 
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12. APPENDICES 

The appendices substantiate and clarify findings during this study. Appendix A visualizes the 
extended model implemented in Vensim. Appendix B gives additional information concerning 
the forecasted period, the parameter values and the calibration results. Appendix C concerns the 
output of the cross-correlation analyses and D concerns two extra forecasting scenarios, the 
partial model fit, and two step tests with different durations. The Appendices end with a 
clarification of the decline in demand by looking into the Vensim model. 

APPENDIX A: SUPPLEMENTARY FIGURES 

 

FIGURE A-1 OVERVIEW OF THE SUPPLY CHAIN BUILT INTO VENSIM 

 

FIGURE A-2 THE GULF COOPERATION COUNCIL STATES
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APPENDIX B: PARAMETER VALUES 

Table B-1 shows the values per month forecast for the three different calibrated timespans. 

Because of the lowest value for IAE and the highest    the chosen calibration period is the 
rolling horizon of 18 months starting in week 252. Except for a couple of outliers, indicated by 
the italic numbers, the forecast has an average R² value of 0.86. 75% of the forecasts even reach 
an R² value of above 0.90. 

The other tables in this appendix show the calibrated values for all parameters and the split 
values. Furthermore, all values for the calibration method are shown per parameter. 

MEASURE ROLLING 
FROM WEEK 5 

ROLLING FROM 
WEEK 252 

FIXED FROM  
WEEK 252 

R²    
- month 1 0.9983 0.9955 0.9955 
- month 2 0.9948 0.9980 0.9988 
- month 3 0.8717 0.9817 0.6701 

- month 4 0.9820 0.9804 0.9891 

- month 5 0.2351 0.1869 0.5130 

- month 6 0.5851 0.7987 0.7972 

- month 7 0.9903 0.9911 0.9974 

- month 8 0.9143 0.9866 0.8567 

- month 9 0.9346 0.5560 0.9918 

- month 10 0.8852 0.9036 0.8920 

- month 11 0.9895 0.9608 0.9558 

- month 12 0.1349 0.9895 0.5021 
MSE 31.9007 49.4426 52.6421 
IAE 247.3177 109.0320 293.8880 
Theil’s Inequality Statistics:    

   0.0036 0.0066 0.0711 

   0.1695 0.0005 0.0031 

   0.8268 0.9928 0.9258 
TABLE B-1 MEASURES PER MONTH FOR DIFFERENT FORECAST HORIZONS 

  



PARAMETER INITIAL 
VALUE 

TOLERANCE BOUNDS CALIBRATED 
VALUE LOWER            UPPER 

4 C4 transportation lead time 1 0.75                        1.25 1.24 
4 Desired LLDPE inventory coverage 5.70 3                              6 3 

4 Order fulfil delay 0.50 0.25                        0.75 0.25 
4 LLDPE delivery time 0.50 0.25                        0.75 1 
4 LLDPE production time 3 2                              4  3.27 

3.5 LLDPE transportation lead time 1 0.20                        1.2 0.30 

3.5 Desired LLDPE inventory coverage 12  -                              - - 

3.5 Order fulfil delay 1 0.75                       1.25 0.75 

3.5 LLDPE delivery time 1 0.75                       1.25 0.75 

3.5 LLDPE production time 1 0                             2.50 0.38 

3 LLDPE transportation lead time trader 1 0.20                       1.20 0.20 

3 LLDPE transportation lead time 
supplier 

1 0.20                       1.20 1.20 

3 Desired stretch film inventory  
    coverage 

2 1                             3 2.87 

3 Order fulfil delay 1 0.75                       1.25 0.75 

3 Stretch film delivery time 1 0.75                       1.25 1.25 

3 Stretch film production time 2 1.50                       2.50 1.59 

2 Stretch film transportation lead time 1 0.2                         1.2 1.18 

2 Desired stretch film inventory    
    coverage 

12  -                              - - 

2 Order fulfil delay 1 0.75                       1.25 0.75 

2 Stretch film delivery time 1 0.75                       1.25 1.24 

2 Stretch film production time 1 0.50                       2.50 2.50 

1.1 Stretch film transportation lead time   
       converter 

1 0.75                       1.25 0.90 

1.1 Stretch film transportation lead time     
       trader 

1 0.75                       1.25 0.77 

1.1 Desired OEM1 inventory coverage 5 2                             8 7.39 

1.1 Order fulfil delay 1 0.75                       1.25 0.97 

1.1 Final product delivery time 1 0.75                       1.25 1.04 

1.1 OEM 1 production time 2 1                             3.50 3.50 

1.2 Stretch film transportation lead time  
converter 

1 0.75                       1.25 1.25 

1.2 Stretch film transportation lead time 
 trader 

1 0.75                       1.25 0.75 

1.2 Desired OEM 2 inventory coverage 5 2                             8 4.64 

1.2 Order fulfil delay 1 0.75                       1.25 1.13 

1.2 Final product delivery time 1 0.75                       1.25 0.79 

1.2 OEM 2 production time 2 1                             3.50 1 
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1.4 Stretch film transportation lead time    
      converter 

1 0.75                       1.25 1.10 

1.4 Stretch film transportation lead time  
       trader 

1 0.75                       1.25 1.25 

1.4 Desired OEM 4 inventory coverage 5 2                             8 2.70 

1.4 Order fulfil delay 1 0.75                       1.25 1.11 

1.4 Final product delivery time 1 0.75                       1.25 1.14 

1.4 OEM 4 production time 2 1                             3.50 3.50 
TABLE B-2 OVERVIEW OF ALL OBSERVABLE PARAMETERS 

PARAMETER INITIAL 
VALUE 

TOLERANCE BOUNDS CALIBRATED 
VALUE LOWER          UPPER 

4 Supply line adjustment time 1000 750                       1250 1250 
4 WIP adjustment time of LLDPE orders 1000 750                       1250 1249.08 

4 LLDPE forecast adjustment time 10 5                            15 12.50 
4 LLDPE stock adjustment time 10 5                            15 5 

3.5 Supply line adjustment time 15 5                            25 6.72 
3.5 WIP adjustment time of LLDPE 
orders 

500 250                       750 591.79 

3.5 LLDPE forecast adjustment time 100 75                          125 76.38 
3.5 LLDPE stock adjustment time 5 1                            10 4.07 

3 Supply line adjustment time 1000 750                       1250 1249.99 
3 WIP adjustment time of stretch film 
orders 

1000 750                       1250 751.80 

3 Stretch film forecast adjustment time 100 75                          125 125 
3 Stretch film stock adjustment time 10 5                            15 7.21 

2 Supply line adjustment time 15 5                            25 5.37 
2 WIP adjustment time of stretch film 
orders 

500 250                       750 745.48 

2 Stretch film forecast adjustment time 100 75                          125 124.83 
2 Stretch film stock adjustment time 5 1                            10 1.28 

1.1 Supply line adjustment time 1000 750                       1250 1071.93 

1.1 WIP adjustment time of stretch film 
orders 

1000 750                       1250 1082.53 

1.1 OEM 1 forecast adjustment time 500 250                        750 601.56 

1.1 OEM 1 stock adjustment time 10 3                             12 4.46 

1.2 Supply line adjustment time 1000 750                       1250 1071.93 

1.2 WIP adjustment time of stretch film 
orders 

1000 750                       1250 1215.84 

1.2 OEM 2 forecast adjustment time 500 250                        750 600.95 

1.2 OEM 2 stock adjustment time 10 3                             12 10.21 

1.4 Supply line adjustment time 1000 750                       1250 1228.84 

1.4 WIP adjustment time of stretch film 
orders 

1000 750                       1250 1058.85 

1.4 OEM 4 forecast adjustment time 500 250                        750 563.12 

1.4 OEM 4 stock adjustment time 10 3                             12 4.15 
TABLE B-3 OVERVIEW OF ALL BAHAVIOURAL PARAMETERS 

 

 



SPLITS COMING FROM  ECHELON 4  
(POLYMER PRODUCER) 

INITIAL 
VALUE 

3. Converter 1 - Resin trader  
3.5 Resin trader 0.2 
TABLE B-4 SPLITS ECHELON 4 

 

 
 

END MARKET SPLITS COMING FROM ECHELON 2  
(FINISHED GOODS TRADER) 

INITIAL 
VALUE 

OEM 1 – Retails sales of food, beverages, and tobacco (G47 FOOD) 0.2222 
OEM 2 – Retails sales of non-food products except fuel (G47 NFOOD X 
G473) 

0.1305 

Manufacture of plastic packaging goods (C2222) 0.3472 
Manufacture of plastic products (C2229) 0.3 
TABLE B-6 SPLITS ECHELON 2 

 

  

SPLITS COMING FROM ECHELON 3   
(CONVERTER)  

INITIAL 
VALUE 

OEM 1 – Retails sales of food, beverages, and tobacco (G47 FOOD) 0.0778 
OEM 2 – Retails sales of non-food products except fuel (G47 NFOOD X 
G473) 

0.0458 

Manufacture of plastic packaging goods (C2222) 0.1215 
Manufacture of plastic products (C2229) 0.105 

2. Finished goods trader 0.65 

TABLE B-5 SPLITS ECHELON 3 

TABLE B-1 SPLITS ECHELON 3 
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PARAMETER RUN  
1 

RUN  
2 

RUN  
3 

RUN  
4 

RUN 
5 

RUN  
6 

RUN  
7 

RUN  
8 

RUN  
9 

RUN 
10 

𝝈 
 

𝝁  

 
 

R²-value 0.84 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.002 0.85 0.002 

4 C4 
transportation  
lead time 

 
1.24 

 

 
1.24 
 

 
1.24 
 

 
1.24 
 

 
1.24 
 

 
1.24 
 

 
1.24 
 

 
1.24 
 

 
1.24 
 

 
1.24 
 

 
0.00 

 
1.24 
 

 
0.00 

4 Desired LLDPE 
inventory 
coverage 

 
3.00 

 
3.00 

 
3.00 

 
3.00 

 
3.00 

 
3.00 

 
3.00 

 
3.00 

 
3.00 

 
3.00 

 
0.00 

 
3.00 

 
0.00 

4 Order fulfil 
delay 

0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.25 0.25 0.25 0.23 0.60 0.38 

4 LLDPE delivery 
time 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 0.00 

4 LLDPE 
production time 

3.125 
 

3.237 
 

3.270 
 

3.270 
 

3.270 
 

3.270 
 

3.270 
 

3.270 
 

3.270 3.270 0.04 3.25 0.01 

4 Supply line 
adjustment time 

1247. 
15 

1240. 
14 

1243. 
77 

1243. 
62 

1243. 
64 

1243. 
64 

1243. 
64 

1250 1250 1250 3.30 1245.
56 

0.00 

4 WIP adjustment 
time of LLDPE 
orders 

1250 1248. 
44 

1249. 
56 

1249. 
96 

1249. 
94 

1249. 
91 

1294. 
94 

1249. 
08 

1249.
07 

1249.
08 

0.52 1249.
50 

0.00 

4 LLDPE forecast 
adjustment time 

12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 0.00 12.50 0.00 

4 LLDPE stock 
adjustment time 

5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 0.00 5.00 0.00 

3.5 LLDPE 
transportation  
lead time 

 
0.855 
 

 
0.226 
 

 
0.303 
 

 
0.303 
 

 
0.303 
 

 
0.303 

 

 
0.303 
 

 
0.303 
 

 
0.303 

 
0.303 

 
0.17 

 
0.35 

 
0.48 

3.5 Desired 
LLDPE inventory 
coverage 

 
FIXED                               FIXED                                FIXED                              FIXED 

  
12 

 

3.5 Order fulfil 
delay 

0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.00 0.75 0.00 

3.5 LLDPE 
delivery time 

0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.00 0.75 0.00 

3.5 LLDPE 
production time 

0.021 
 

0.398 
 

0.383 
 

0.383 
 

0.383 
 

0.383 
 

0.383 
 

0.383 
 

0.383 0.383 0.11 0.35 0.31 

3.5 Supply line 
adjustment time 

7.647 
 

6.941 
 

6.715 
 

6.715 
 

6.715 
 

6.715 
 

6.715 
 

6.715 
 

6.715 6.715 0.28 6.83 0.04 

3.5 WIP 
adjustment time 
of LLDPE orders 

584. 
988 

586. 
415 

588. 
086 

587. 
388 

587. 
388 

587. 
388 

587. 
388 

591. 
786 

591. 
786 

591. 
786 

2.33 588. 
44 

0.00 

3.5 LLDPE 
forecast 
adjustment time 

75 77.56 
18 

76.38 
15 

76.38 
15 

76.38 
15 

76.38 
15 

76.38 
15 

76.38 
15 

76.38
15 

76.38
15 

0.57 76.36 0.01 

3.5 LLDPE stock 
adjustment time 

4.142 
 

4.086 
 

4.067 
 

4.067 
 

4.067 
 

4.067 
 

4.067 
 

4.067 
 

4.067 4.067 
 

0.02 4.08 0.01 

3 Stretch film 
transportation 
lead time trader 

 
0.20 

 
0.20 

 
0.20 

 
0.20 

 
0.20 

 
0.20 

 
0.20 

 
0.20 

 
0.20 

 
0.20 

 
0.00 

 
0.20 

 
0.00 

3 Stretch film 
transportation 
lead time trader 
supplier 

 
1.092 
 
 

 
1.185 
 
 

 
1.20 

 
1.20 

 
1.20 

 
1.20 

 
1.20 

 
1.20 

 
1.20 

 
1.20 

 
0.03 

 
1.19 

 
0.03 

3 Desired stretch 
film inventory 
coverage 

 
2.843 
 

 
2.862 
 

 
2.871 
 

 
2.871 

 
2.871 

 
2.871 

 
2.871 

 
2.871 

 
2.871 

 
2.871 

 
0.01 

 
2.87 

 
0.00 

3 Order fulfil 
delay 

0.978 0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.750 0.07 0.77 0.09 

3 Stretch film 
delivery time 

1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 0.00 1.25 0.00 

3 Stretch film 
production time 

2.161 1.668 1.591 1.591 1.591 1.591 1.591 1.591 1.591 1.591 0.17 1.66 0.10 



PARAMETER RUN  
1 

RUN  
2 

RUN  
3 

RUN  
4 

RUN 
5 

RUN  
6 

RUN  
7 

RUN  
8 

RUN  
9 

RUN 
10 

𝝈 
 

𝝁  

 
 

3 Supply line 
adjustment time 

1250 1249
.95 

1249
.99 

1249     
.99 

1249
.99 

1249
.99 

1249
.99 

1249
.99 

1249 
.99 

1249 
.99 

0.01 1249     
.99 

0.00 

3 WIP adjustment 
time of stretch 
film orders 

1249
.58 
 

1249
.9 
 

750.
972 
 

750. 
963 
 

750. 
963 
 

750. 
963 
 

750. 
963 
 

751. 
803 
 

751. 
803 
 

751. 
803 
 

199. 
38 
 

850 
97 
 

0.23 

3 Stretch film 
forecast 
adjustment time 

 
125 

 
125 

 
125 

 
125 

 
125 

 
125 

 
125 

 
125 

 
125 

 
125 

 
0.00 

 
125 

 
0.00 

3 Stretch film 
stock adjustment 
time 

 
6.780 
 

 
7.237 
 

 
7.208 
 

 
7.208 

 
7.208 
 

 
7.208 
 

 
7.208 
 

 
7.208 
 

 
7.208 
 

 
7.208 
 

 
0.13 

 
7.17 

 
0.02 

2 Stretch film 
transportation 
lead time 

 
1.18 

 
1.18 

 
1.18 

 
1.18 

 
1.18 

 
1.18 

 
1.18 

 
1.18 

 
1.18 

 
1.18 

 
0.00 

 
1.18 

 
0.00 

2 Desired stretch 
film inventory 
coverage 

 
FIXED                               FIXED                                FIXED                            FIXED 

  
12 

 

2 Order fulfil 
delay 

1.25 1.25 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.20 0.85 0.24 

2 Stretch film 
delivery time 

1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24 0.00 1.24 0.00 

2 Stretch film 
production time 

2.46 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 0.01 2.5 0.00 

2 Supply line 
adjustment time 

5.245 5.404 5.368 5.368 5.368 5.368 5.368 5.368 5.368 
 

5.368 
 

0.04 5.36 0.01 

2 WIP adjustment 
time of stretch 
film orders 

744. 
06 
 

745. 
84 
 

746. 
24 
 

747.
06 
 

746. 
84 
 

746. 
84 
 

746. 
84 
 

745. 
48 
 

745. 
48 
 

745. 
48 
 

0.89 746.02 
 

0.00 

2 Stretch film 
forecast 
adjustment time 

80. 
193 

104. 
617 

124. 
977 

124.
828 

124. 
828 

124. 
828 

124. 
828 

124. 
828 

124. 
828 

124. 
828 

14.08 118.36 
 

0.12 

2 Stretch film 
stock adjustment 
time 

 
1.279 
 

 
1.279 

 

 
1.279 

 

 
1.279 

 
1.279 

 

 
1.279 

 

 
1.279 

 

 
1.279 

 

 
1.279 

 

 
1.279 

 

 
0.00 

 
1.279 

 

 
0.00 

1.1 Stretch film 
transportation 
lead time 
converter 

 
0.890 
 

 
0.890 
 

 
0.903 
 

 
0.903 
 

 
0.903 
 

 
0.903 
 

 
0.903 
 

 
0.903 
 

 
0.903 
 

 
0.903 
 

 
0.01 

 
0.90 

 
0.01 

1.1 Stretch film 
transportation 
lead time trader 

 
0.768 
 

 
0.768 
 

 
0.768 
 

 
0.768 
 

 
0.768 
 

 
0.768 
 

 
0.768 
 

 
0.768 

 
0.768 
 

 
0.768 
 

 
0.00 

 
0.77 

 
0.00 

1.1 Desired OEM 
1 inventory 
coverage 

 
4.905 
 

 
4.905 
 

 
7.392 
 

 
7.392 

 
7.392 
 

 
7.392 
 

 
7.392 
 

 
7.392 
 

 
7.392 
 

 
7.392 
 

 
0.99 
 

 
6.89 
 

 
0.14 
 

1.1 Order fulfil 
delay 

0.801 0.801 0.966 0.966 0.966 0.966 0.966 0.966 0.966 
 

0.966 
 

0.07 0.93 0.07 

1.1 Final product 
delivery time 

1.197 1.197 1.044 1.044 1.044 1.044 1.044 1.044 1.044 1.044 0.06 1.07 0.06 

1.1 OEM 1 
production time 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 0.00 3.5 0.00 

1.1 Supply line 
adjustment time 

1231
.27 

1231
.27 

1071
.93 

1071
.93 

1071
.93 

1071
.93 

1071
.93 

1071
.93 

1071 
.93 

1071 
.93 

63.74 
 

1103 
.80 

0.06 

1.1 WIP 
adjustment time 
of stretch film 
orders 

 
758. 
34 
 

 
758. 
34 
 

 
1082
.53 
 

 
1082
.53 
 

 
1082
.53 
 

 
1082
.53 
 

 
1082
.53 
 

 
1082
.53 
 

 
1082 
.53 
 

 
1082 
.53 
 

 
129. 
68 
 

 
1017. 
69 
 

 
0.13 

1.1 OEM 1 
forecast 
adjustment time 

615.
891 

615.
891 

601.
559 

601.
559 

601.
559 

601.
559 

601.
559 

601.
559 

601. 
559 

601. 
559 

5.73 
 

604.43 
 

0.01 

1.1 OEM 1 stock 
adjustment time 

8.292 8.292 4.463 
 

4.463 4.463 4.463 4.463 4.463 4.463 4.463 1.53 5.23 0.29 
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TABLE B-7 PARAMETER VALUES FOR 10 RUNS 

 

 

PARAMETER RUN  
1 

RUN  
2 

RUN  
3 

RUN  
4 

RUN 
5 

RUN  
6 

RUN  
7 

RUN  
8 

RUN  
9 

RUN 
10 

𝝈 
 

𝝁  

 
 

1.2 Stretch film 
transportation 
lead time trader 

 
0.75 

 
0.75 

 
0.75 

 
0.75 

 
0.75 

 
0.75 

 
0.75 

 
0.75 

 
0.75 

 
0.75 

 
0.00 

 
 0.75 

 
0.00 

1.2 Stretch film 
transportation 
lead time 
converter 

 
1.25 

 
1.25 

 
1.25 

 
1.25 

 
1.25 

 
1.25 

 
1.25 

 
1.25 

 
1.25 

 
1.25 

 
0.00 

 
1.25 

 
0.00 

1.2 Desired OEM 
2 inventory 
coverage 

 
4.637 
 

 
4.637 
 

 
4.637 

 
4.637 
 

 
4.637 
 

 
4.637 
 

 
4.637 
 

 
4.637 

 
4.637 
 

 
4.637 

 
0.00 

 
4.637 

 

 
0.00 

1.2 Order fulfil 
delay 

1.126 
 

1.126 
 

1.126 1.126 
 

1.126 
 

1.126 
 

1.126 
 

1.126 1.126 
 

1.126 0.00 1.126 

 
0.00 

1.2 Final product 
delivery time 

0.786 
 

0.786 
 

0.786 0.786 
 

0.786 
 

0.786 
 

0.786 
 

0.786 0.786 
 

0.786 0.00 0.786 0.00 

1.2 OEM 2 
production time 

1 1 1 1 1 1 1 1 1 1 0.00  1 0.00 

1.2 Supply line 
adjustment time 

1231. 
27 

1231. 
27 

1071. 
93 

1071. 
93 

1071. 
93 

1071. 
93 

1071. 
93 

1071.
93 

1071. 
93 

1071.
93 

63.74 
 

1103. 
80 

0.06 

1.2 WIP 
adjustment time 
of stretch film 
orders 

 
1215. 
84 

 
1215. 
84 

 
1215. 
84 

 
1215. 
84 

 
1215. 
84 

 
1215. 
84 

 
1215. 
84 

 
1215.
84 

 
1215. 
84 

 
1215.
84 

 
0.00 

 
1215. 
84 

 
0.00 

1.2 OEM 2 
forecast 
adjustment time 

600. 
946 

600. 
946 

600. 
946 

600. 
946 

600. 
946 

600. 
946 

600. 
946 

600. 
946 

600. 
946 

600. 
946 

0.00 600. 
946 

0.00 

1.2 OEM 2 stock 
adjustment time 

10.21 
 

10.21 
 

10.21 10.21 
 

10.21 
 

10.21 
 

10.21 
 

10.21 10.21 
 

10.21 0.00  10.21 
  

0.00 

1.4 Stretch film 
transportation 
lead time 
converter 

 
1.143 
 

 
1.105 
 
 

 
1.105 
 

 
1.105 
 
 

 
1.105 
 

 
1.105 
 

 
1.105 
 

 
1.105 
 

 
1.105 
 

 
1.105 
 

 
0.01 

 
1.11 

 
0.01 

1.4 Stretch film 
transportation 
lead time trader 

 
1.182 
 

 
1.25 

 
1.25 

 
1.25 

 
1.25 

 
1.25 

 
1.25 

 
1.25 

 
1.25 

 
1.25 

 
0.02 

 
1.24 

 
0.02 

1.4 Desired OEM 
4 inventory 
coverage 

 
8 

 
2.701 
 

 
2.701 

 
2.701 

 
2.701 

 
2.701 

 
2.701 

 
2.701 

 
2.701 

 
2.701 

1.59 3.23 0.49 

1.4 Order fulfil 
delay 

1.196 
 

1.057 
 

1.057 
 

1.057 1.057 1.057 1.057 1.057 
 

1.057 1.057 0.04 1.07 0.04 

1.4 Final product 
delivery time 

1.135 
 

1.137 
 

1.137 1.137 1.137 1.137 1.137 1.137 
 

1.137 1.137 0.00 1.14 0.00 

1.4 OEM 4 
production time 

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 0.00 3.5 0.00 

1.4 Supply line 
adjustment time 

1067. 
82 

1228. 
84 

1228. 
84 

1228. 
84 

1228. 
84 

1228.
84 

1228.
84 

1228.
84 

1228. 
84 

1228. 
84 

48.31 
 

1212. 
74 

0.04 

1.4 WIP 
adjustment time 
of stretch film 
orders 

 
1201. 
91 
 

 
1058. 
85 
 

 
1058. 
85 
 

 
1058. 
85 
 

 
1058. 
85 
 

 
1058.
85 
 

 
1058.
85 
 

 
1058.
85 
 

 
1058. 
85 
 

 
1058. 
85 
 

 
42.92 
 

 
1073. 
16 
 

 
0.04 

1.4 OEM 4 
forecast 
adjustment time 

618. 
06 

563. 
12 

563. 
12 

563.
12 

563.
12 

563.
12 

563.
12 

563. 
12 

563. 
12 

563. 
12 

16.48 
 

568.61 
 

0.03 

1.4 OEM 4 stock 
adjustment time 

5.371 
 

4.147 
 

4.147 4.147 4.147 4.147 4.147 4.147 4.147 4.147 
 

0.37 4.27 0.09 



PARAMETER RUN  
1 

RUN  
2 

RUN  
3 

RUN  
4 

RUN 
5 

RUN  
6 

RUN  
7 

RUN  
8 

RUN  
9 

RUN 
10 

𝝈 
 

𝝁  

 
 

3.5 Speculation =< 0.600 0.600 0.600 0.600 0.600 0.600 0.600 0.600 0.600 0.600 0.17 0.35 0.48 
3.5 Speculation => 1 1 1 1 1 1 1 1 1 1 0.28 6.83 0.04 
3.5 Speculation >> 0.616 0.616 0.616 0.616 0.616 0.616 0.616 0.616 0.616 0.616 2.33 588.44 0.00 
3.5 Speculation >< 0.544 0.544 0.544 0.544 0.544 0.544 0.544 0.544 0.544 0.544 0.57 76.36 0.01 
3.5 Speculation << 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.00 12.00 0.00 
3.5 Speculation <> 0.651 0.651 0.651 0.651 0.651 0.651 0.651 0.651 0.651 0.651 0.00 0.75 0.00 
3.5 Speculation 
else 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.00 0.75 0.00 

3 Trader =< 0.833 0.833 0.833 0.833 0.833 0.833 0.833 0.833 0.833 0.833 0.00 0.833 0.00 
3 Trader => 0 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00 
3 Trader >> 0.246 0.246 0.246 0.246 0.246 0.246 0.246 0.246 0.246 0.246 0.00 0.246 0.00 
3 Trader >< 0 0.541 0.554 0.554 0.554 0.554 0.554 0.554 0.554 0.554 0.17 0.50 0.33 
3 Trader << 0.876 1 1 1 1 1 1 1 1 1 0.04 0.99 0.04 
3 Trader <> 0 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00 
3 Trader else 0.625 0.625 0.625 0.625 0.625 0.625 0.625 0.625 0.625 0.625 0.00 0.625 0.00 

2 Speculation =< 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.269 0.00 0.269 0.00 
2 Speculation => 1 1 1 1 1 1 1 1 1 1 0.00 1.00 0.00 
2 Speculation >> 0.664 0.664 0.664 0.664 0.664 0.664 0.664 0.664 0.664 0.664 0.00 0.664 0.00 
2 Speculation >< 0 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00 
2 Speculation << 0.435 0.435 0.435 0.435 0.435 0.435 0.435 0.435 0.435 0.435 0.00 0.435 0.00 
2 Speculation <> 0.368 0.368 0.368 0.368 0.368 0.368 0.368 0.368 0.368 0.368 0.00 0.368 0.00 
2 Speculation else 0.702 0.702 0.702 0.702 0.702 0.702 0.702 0.702 0.702 0.702 0.00 0.702 0.00 

1.4 Trader =< 0.834 0.779 0.779 0.779 0.779 0.779 0.779 0.779 0.779 0.779 0.02 0.78 0.02 
1.4 Trader => 0.493 0.323 0.323 0.323 0.323 0.323 0.323 0.323 0.323 0.323 0.05 0.34 0.15 
1.4 Trader >> 0.764 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.10 0.48 0.20 
1.4 Trader >< 0.725 0.435 0.435 0.435 0.435 0.435 0.435 0.435 0.435 0.435 0.09 0.46 0.19 
1.4 Trader << 1 0.514 0.514 0.514 0.514 0.514 0.514 0.514 0.514 0.514 0.15 0.56 0.26 
1.4 Trader <> 0.398 0.346 0.346 0.346 0.346 0.346 0.346 0.346 0.346 0.346 0.02 0.35 0.04 
1.4 Trader else 0.554 0.310 0.376 0.442 0.508 0.574 0.640 0.706 0.771 0.837 0.16 0.57 0.28 

1.2 Trader =< 0.674 0.674 0.674 0.674 0.674 0.674 0.674 0.674 0.674 0.674 0.00 0.674 0.00 
1.2 Trader => 0.772 0.772 0.772 0.772 0.772 0.772 0.772 0.772 0.772 0.772 0.00 0.772 0.00 
1.2 Trader >> 0.585 0.587 0.587 0.587 0.587 0.587 0.587 0.587 0.587 0.587 0.00 0.59 0.00 
1.2 Trader >< 0.588 0.591 0.591 0.591 0.591 0.591 0.591 0.591 0.591 0.591 0.00 0.59 0.00 
1.2 Trader << 0.466 0.468 0.468 0.468 0.468 0.468 0.468 0.468 0.468 0.468 0.00 0.47 0.00 
1.2 Trader <> 0.543 0.546 0.546 0.546 0.546 0.546 0.546 0.546 0.546 0.546 0.00 0.55 0.00 
1.2 Trader else 0.708 0.642 0.708 0.774 0.840 0.906 0.972 1 0.934 1 0.13 0.85 0.15 

1.1 Trader =< 0.582 0.582 0.922 0.922 0.922 0.922 0.922 0.922 0.922 0.922 0.14 0.85 0.16 
1.1 Trader => 0.675 0.675 0.888 0.888 0.888 0.888 0.888 0.888 0.888 0.888 0.09 0.85 0.10 
1.1 Trader >> 0.540 0.540 0.595 0.595 0.595 0.595 0.595 0.595 0.595 0.595 0.02 0.58 0.04 
1.1 Trader >< 1 1 1 1 1 1 1 1 1 1 0.00 1.00 0.00 
1.1 Trader << 0.642 0.642 0.680 0.680 0.680 0.680 0.680 0.680 0.680 0.680 0.02 0.67 0.02 
1.1 Trader <> 0.641 0.641 0.679 0.679 0.679 0.679 0.679 0.679 0.679 0.659 0.02 0.67 0.02 
1.1 Trader else 0.101 0.167 0.219 0.285 0.351 0.417 0.483 0.549 0.615 0.681 0.19 0.39 0.48 
TABLE B-8 PARAMETER VALUES BASED ON PRICE DYNAMICS FOR 10 RUNS 
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APPENDIX C: CORRELATION ANALYSIS 

This appendix concerns the output of the cross-correlations done to investigate relationships 
between both, resin and finished goods import and other variables.  

 

FIGURE C-1 CROSS-CORRELATION BETWEEN   FIGURE C-2 CROSS-CORRELATION BETWEEN 
THE PRICE SPREAD OF ETHYLENE AND C4 AND   THE C4 FILM PRICE DIFFERENCE OF THIS  
LLDPE IMPORT       AND PREVIOUS MONTH AND LLDPE IMPORT 

 

FIGURE C-3 CROSS-CORRELATION BETWEEN   FIGURE C-4 CROSS-CORRELATION BETWEEN 
LLDPE DEMAND AND LLDPE IMPORT    THE PRICE DIFFERENCE BETWEEN EUROPE  
         AND ASIA AND LLDPE IMPORT 

 

 



 

FIGURE C-5 CROSS-CORRELATION BETWEEN   FIGURE C-6 CROSS-CORRELATION BETWEEN 
THE C4 FILM PRICE DIFFERENCE OF THIS AND   NAPHTHA PRICE AND FINISHED GOODS  
PREVIOUS MONTH AND FINISHED GOODS IMPORT IMPORT 

 

 

FIGURE C-7 CROSS-CORRELATION BETWEEN  
THE PRICE DIFFERENCE BETWEEN EUROPE  
AND GCC AND FINISHED GOODS IMPORT 

 

mailto:t.c.a.stuijts@student.tue.nl


APPENDIX D: VALIDATION AND VERIFICATION 

These two graphs visualize the two extra scenarios of the scenario analyses that were discussed 
in Chapter 6.3. Both scenarios are calibrated from a certain point in time until May 2014 and 
show a forecast for June and July 2014. All input values were kept constant except one, namely 
price. In scenario 2 the price in July was 1,435 euro/MT and in scenario 4 the price was 1,475 
euro/MT. An increase in price leads to a decrease in demand and the other way around a 
decrease in price leads to an increase in demand. 

 

FIGURE D-1 FORECAST SCENARIO 2 

 

FIGURE D-2 FORECAST SCENARIO 4 
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The two figures below belong to the paragraph of partial model estimation and show the very 
poor fit between the modelled data and historical data of LLDPE production and LLDPE sales.  

 

FIGURE D-3 BEHAVIOURAL FIT: LLDPE PRODUCTION ECHELON 4 

 

FIGURE D-4 BEHAVIOURAL FIT: LLDPE SALES ECHELON 4 
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Figure D-5 and D-6 represent two additional step tests with different durations. The first shows 
the influence on demand when price increased with 10 percent during a period of a year. The 
second shows the reaction of demand when the price increase has a duration of half a year. A 
“step” of a half year shows a higher peak in demand when price decreases again.     

 

FIGURE D-5 STEP TEST OF A YEAR 

 

FIGURE D-6 STEP TEST OF HALF A YEAR 

 

 

Step test 

101 196 292 387 
Time (Week) 

Price 
"4 C4 orders" Units/Week 

1,400 
100 Units/Week 

1,356 
93.75 Units/Week 

1,312 
87.5 Units/Week 

1,269 
81.25 Units/Week 

1,225 
75 Units/Week 

Step test 

101 196 292 387 
Time (Week) 

Price 
"4 C4 orders"  Units/Week 

1,400 
100 Units/Week 

1,356 
93.75 Units/Week 

1,312 
87.5 Units/Week 

1,269 
81.25 Units/Week 

1,225 
75 Units/Week 



APPENDIX E: MODEL VIEW 

Figure E-1 displays the desired stock level of the finished goods traders over time. The last part 
of the graph (week 392 until week 396) represents the forecasted month. As can be seen, the 
desired inventory level of the finished goods traders is at a trough in the forecasted period. We 
expect that the fraction of end customers’ demand bought at the traders is really high at this 
moment, as we found by testing for hypothesis II for the converters. Traders prefer a relative 
low stock so they will sell their stock to end customers to achieve this. Our thought is confirmed 
by figure E-2 until E-4: In all three end markets the fraction of demand bought at the trader is 
relatively high. 

There is no OEM page in Vensim with calibrated parameters for end market three because this 
end market concerns intermediate products. 
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FIGURE E-2 TRADER FRACTION FOR END MARKET 1 

FIGURE E-1 DESIRED STOCK LEVEL FINISHEDS GOODS TRADERS 

FIGURE E-3 TRADER FRACTION FOR END MARKET 2 

FIGURE E-4 TRADER FRACTION FOR END MARKET 4 
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