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Abstract

Jonan RAAIJMAKERS

Modelling adaptive policies in the smartphone supply chain

The emergence of the Covid-19 pandemic has induced new challenges for
supply chain management, including unexpected demand drop or surge,
supply shortages, and reduced productivity. It is expected that these challenges
will continue in the coming years as the pandemic still lingers on. This raises
the issue within the supply chain domain to address unknown uncertainties,
such as Covid-19. However, appropriate methods to address these types of
uncertainty are not prevalent within supply chain management.

This study addresses unknowable uncertainties with a novel method. An
adaptive approach is proposed that aims to enhance the robustness of the
supply chain of a major smartphone company situated in Europe by applying a
combined approach of System Dynamics and the Dynamic Adaptive Planning
(DAP) framework. Previous applications of the DAP concept have been
explored in fields, such as Transport planning, e.g. Jittrapirom et al. (2018) and
Marchau et al. (2019), but not yet in supply chain management. System
Dynamics provides a tool to compare a business-as-usual scenario with a
hypothetical improved scenario with DAP implemented, thus enabling us to
quantify the expected enhancements from the DAP application. This study
shows that, in a simulation model formulated based on semi-structured
interviews with supply chain actors and quantified based on expert
assumptions, the DAP, formulated in a participative modelling session, shows
behaviour that, depending on what is most important: low inventories or high
sales, improves the resilience of the supply chain performance to uncertainty by
implementing adaptive policies.

Keywords
Supply chain management, Uncertainty, Dynamic Adaptive Planning, System

Dynamics
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Chapter 1

Introduction

The emergence of the COVID-19 pandemic has induced new challenges for supply chain

management in both the supply and demand sides of the supply chain. On the supply side,

supply chains got disrupted due to restrictions of commercial transportation (Al-Mansour

& Al-Ajmi, 2020), decreasing the �ow of goods, affecting logistics and production facilities.

On the demand side, COVID-19 restrictions on retail and �uctuations in demand are

making consumer behaviour unpredictable. These adverse impacts have been felt globally;

95 percent of the Fortune 1000 companies are experiencing such supply chain disruptions

and for 75 percent of the companies this had a negative impact on their business

(Accenture, 2020). In response to these disruptions, 93 percent of senior supply-chain

managers intend to make their supply chain more resilient, �exible, and agile to counteract

future disruptive events (McKinsey et al., 2021).

The main challenges of modern and future supply chains are to address the impact of

uncertainties in their surroundings on supply chain performance and stability (Ivanov &

Sokolov, 2010). Traditional approaches of addressing uncertainty in supply chain

management include addressing known and knowable uncertainties from a probabilistic

and linear approach (e.g., Ambulkar et al. (2015) and Ramasesh and Browning (2014)).

However, an under-valued and under-explored approach of addressing forms of

unknowable uncertainties, is to build a robust plan that adapts and is resilient to future

events, irrespective of unanticipated or unforeseen events. A linear and probabilistic

approach makes it dif�cult for supply chain actors to cope with the emerging unforeseen

uncertainties. This study is a novelty because it explores and evaluates adaptive policies

(c.f., Jittrapirom et al. (2020) or Marchau et al., (2010)) to address uncertainties in the �eld

of supply chain management.

This study contributes to the �eld of supply chain management literature by applying

Dynamic Adaptive Planning to explore this under-valued and under-explored �eld of of

addressing unknowable uncertainties. Dynamic Adaptive Planning has previously been

used in the �eld of rail transport (Marchau et al., 2010), airport planning (Kwakkel et al.,

2010), infrastructure planning (Wall et al., 2015), and mobility-as-a-service (Jittrapirom

et al., 2020). However, not in the �eld of supply chain management. This study adds to the

general progression of the supply chain management literature by challenging the existing

approach to address uncertainty and proposing and evaluating Dynamic Adaptive

Planning as an effective tool to address uncertainties in the supply chain. Furthermore,

Dynamic Adaptive Planning applications are exclusively scienti�c, it lacks realistic

examples of real-world decision-making problems (Marchau et al., 2019). A novelty in this

study is that the Dynamic Adaptive Plan is combined with system dynamics modelling
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and build with the supply chain actors using a group session grounded in Group Model

Building methodology. Therefore, this study adds to the Dynamic Adaptive Planning

literature by using novel methods to elicit and evaluate this adaptive policy using a

simulation model based on expert assumptions.

This research materialised from a collaboration with a large `original equipment

manufacturer' (OEM), also referred to as 'electronics �rm' and 'subdivision', a

multinational enterprise that produces and markets consumer electronics, including but

not limited to smartphones. The industrial partner in this research faces the two

operational challenges: 1) Minimising the impact of negative effects on organisational

objectives when supply disruptions occur and 2) improving the stock availability of retail

partners. For the electronics �rm, the main disruptions have been caused by the physical

restraint that limits movements of goods and people across the border. The pandemic and

associated disruptions have made it apparent that an increase in demand for computer

chips can cause supply shortages. In addition to the pandemic, there are also other

uncertainties, such as the continued tension between US-China trade and the droughts in

Taiwan, the largest producer of computer chips that can affect the production and

availability of computer chips in the near future (Sparkes, 2021). These disruptions can

have impacts on the electronics �rm's performance, such as limiting its market share,

reducing its sell-out forecast accuracy, and minimising its stockouts.

This study has practical relevance for the management of the electronics and supply chain

managers in general. First and foremost, understanding how unknowable uncertainties

can be addressed by approaches that do not rely on linear and probabilistic mathematical

models provides decision-makers within the supply chain with another tool that can help

them address uncertainties in the supply chain more effectively. However, Grady Booch,

an American software engineer, famously said: "A fool with a tool is still a fool."This study,

provides new tools to address uncertainty, but also provides the necessary understanding

and insights into the underlying behaviour and methodology of this tool by applying a

group session based on Group Model Building methodology. From a practical point-of-

view, this group session provides collective understanding of the supply chain system and

on the applied Dynamic Adaptive Planning framework. This knowledge of the Dynamics

Adaptive Planning implementation in the supply chain can contribute to more effective

supply chain network designs that are more adaptive to future unforeseen events.

1.1 Research objective

The challenges that the electronics �rm is facing with its smartphone supply chain can be

characterised as a complex decision-making problem (Cobb & Elder, 1983; Fischer &

Forester, 1987; Sage & Armstrong, 2000). The supply chain consists of several entities, such

as logistics, warehousing/inventory management, and retailers, all of which are

interconnected and can in�uence each other. The decision-making process concerning the

supply chain is typically based on past information and experience. However, this
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approach can be less effective when faced with new and emerging uncertainty, such as the

Covid-19 pandemic. It is also unknown what the impact will be of future disruptions and

unforeseen events on the organisation's performance and how to minimise stockouts or

improve sell-out forecast accuracy under these disruptions.

Hence, a research objective is formulated to address these uncertainties such as disruptions

and unforeseen events in the decision-making process:

Providing an insight into the system behaviour of the smartphone supply chain and how uncertainties

can be addressed from the perspective of an OEM subdivision. By applying a system dynamics

approach to identify the smartphone supply chain as a system of interdependent entities that emulates

how uncertainties can occur and the implication of uncertainties on system behaviour. And providing

insights into how adaptive policies can be an effective tool to manage the implications of uncertainties

on system behaviour.

1.2 Research questions

Following the objective of this research, the main research question of this study is

formulated as:

Main research question

What are the system behaviour of the smartphone supply chain under high levels of

uncertainty compared to normal levels of uncertainty and to what extent is it effective

to address uncertainties in the smartphone supply chain with an adaptive policy from

the perspective of the OEM subdivision?

To address this main research question, the research is divided into two distinct parts. Each

part has its own research question, with corresponding sub-questions to guide the research.

Remainder of this section elaborates on these two research questions.

Part I: Identifying system behaviour

Part I focuses speci�cally on the identi�cation of the system of interest, in this case the

smartphone supply chain, and the dynamics that uncertainties (i.e., disruptions and

unforeseen events) causes in that system.

Research question 1

What is the system behaviour of the smartphone supply chain under high levels of

uncertainty compared to normal levels of uncertainty?

(a) What are generic system structures of a supply chain in the consumer electronics

industry as de�ned in scienti�c literature and are relevant to this case?
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(b) How can the smartphone system structure that emulates the dynamics of supply-side

and demand-side entities from the perspective of the OEM subdivision be formulated

as a simulation model?

(c) What are the possible uncertainties that have occurred or can occur that affects the

smartphone supply chain from the perspective of the OEM subdivision and how does

the system behave under high and low levels of uncertainty?

Part 2: Addressing uncertainty

Part II addresses the exploration of Dynamic Adaptive Planning as a decision-making tool

in supply chain management to address uncertainty and evaluates to what extent DAP can

be an effective tool to handle uncertainties.

Research question 2

What would an adaptive policy to support the OEM subdivision in addressing

disruptions and unforeseen events look like and how does it affect the system

behaviour?

(a) What is the initial plan to address uncertainties in the smartphone supply chain?

(b) How can the initial plan be made robust and adaptive to uncertainties?

(c) How does an adaptive policy affect system behaviour?

1.3 Thesis outline

The remainder of this thesis is organised according to the following manner. Chapter 2,

outlines the theoretical background, elaborating on the concepts of: 1) supply chain

management, 2) uncertainty, and 3) adaptive policies. Chapter 3, presents the methods of

data collection and data analysis, and includes an elaboration on research ethics and

quality. Chapter 4, presents the results in two distinct parts: section 4.1 discusses generic

system structures based on the systematic literature review, and section 4.2 presents the

results from the perspective of the subdivision based on interviews and group sessions.

Chapter 5 concludes the thesis by addressing the main research question. Furthermore, it

presents a theoretical implications and practical implications, a methodological re�ection,

and possible future research.
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Chapter 2

Literature review

This chapter elaborates on the key concepts in this research based on existing and relevant

literature. First, the domain supply chain management is de�ned. Then, mapping supply

chain networks and modelling supply chains, using system dynamics is elaborated.

Subsequently, uncertainty and the appearance of uncertainty in the supply chain is

described. Finally, adaptive policies and the dynamic adaptive planning framework is

explained.

2.1 Supply chain management

The domain of this study is supply chain management. Supply chain management (SCM)

is concerned with the relationships and �ows between operations and processes, which

create value to the customer in the form of products or services (Chopra & Meindl, 2019;

Slack et al., 2018). However, supply chain management is not explicitly de�ned in the

literature. De�nitions include broad de�nitions, such as SCM is the management of

business activities and relations within the organisation, with immediate suppliers, with

�rst-tier and second-tier suppliers and customers, and with the entire supply chain

(Harland, 1996). On the other hand, it also include precise de�nitions, such as SCM is

described as a chain that links all the elements of the supply process from raw materials to

the ultimate customer, transcending the boundaries of an organisation (New & Payne,

1995). Alternatively, SCM deals with the �ow of material from suppliers through ultimate

user as a management process (Jones & Riley, 1985) or as an integrative philosophy

(Cooper et al., 1997). All things considered, SCM has the following three characteristics: 1)

SCM has a systems approach which enables the view of the supply chain as a whole, 2)

SCM has a strategic orientation towards cooperation beyond the boundaries of the

organisation, and 3) SCM has a customer focus, creating customer value and satisfaction

(Mentzer et al., 2001). These characteristics are still considered to be relevant (Min et al.,

2019). For the purpose of this research, supply chain management is de�ned as: A

systematic and strategic approach to coordinate the �ow of goods and information

between entities within and beyond the boundaries of a single organisation to create

customer value.

2.1.1 Supply chain network

Supply chain management involves many different processes including, but not limited to

capacity management, resource planning and control and risk management (Cooper et al.,

1997; Croxton et al., 2001; Lambert, 2014). However, this research focuses on the supply
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network. Supply networks involves the con�guration of entities and processes within and

beyond the boundaries of organisations (Slack et al., 2018). In essence, the mapping of

supply networks is meant to increase the understanding of individual components in an

infrastructure network of suppliers, production, storage, distribution centres, and

transportation (Nagurney & Nagurney, 2010; Yildiz et al., 2015). For the purpose of this

research, the de�nition of a supply network is based on the de�nition of Hearnshaw and

Wilson (2013): A supply network is a map of a supply chain as a system by a set of nodes

that represent entities within and beyond the boundaries of the organisation, and a set of

connections that link these entities together.

The mapping of the entire supply chain network increases the understanding of

competition, identi�es important links in the network, and is mainly used in long -term

issues (Slack et al., 2018). However, mapping the entire supply chain becomes enormously

complex, a smartphone consists up to 50 different kind of metals (Ferro & Bonollo, 2019),

which all have to be procured, shipped and stored, increasing the complexity of the supply

chain network. Furthermore, in the smartphone industry most components such as

screens, memory, processors, RAM-storage or camera-modules are procured (Kwok & Lee,

2015), which also contributes to the complexity of the supply chain network. This large

amount of procurement for many different components and materials leads to a highly

complex supply chain network of all types of suppliers for a manufacturer. This

complexity will lead to a too complex supply chain network which will not contribute to

identifying important links and understanding competition because of the supply chain

network has too take to many links and entities into account.

Therefore, to deal with this complexity of supply chain network, it can be fragmented into

different stages. A basic fragmentation is described by Vidal and Goetschalckx (1997). They

fragment the supply chain into three distinct stages: suppliers, facilities and customers.

Erengüç et al. (1999) also fragments the supply chain into three stages, however describes

more complexity within the stages. The �rst stage is a network of suppliers of raw

materials, semi-�nished goods, parts and supplies. The second stage consists of the

production facilities where the �nal product is assembled. And the third stage, focuses on

the outbound network. Pontrandolfo and Okogbaa (1999) uses four stages to fragment the

supply chain: component suppliers, inbound logistics, �nal assembly facilities and

outbound logistics. Based on this literature, this study assumes that the supply chain can

be fragmented in three distinct phases: 1) an inbound network, 2) a distribution network,

and 3) an outbound network, as is shown in �gure 2.1.



Chapter 2. Literature review 7

FIGURE 2.1: Supply chain network fragmentation

The fragmentation of the smartphone supply can be classi�ed into two phases: 1) a

distribution network, and 2) an outbound network. The �rst phase, the distribution

network, consists of two types of entities: production facilities and warehouses. The

production facility is a plant where the �nal product is assembled and the warehouses are

facilities where the �nal products are stored. The second phase, the outbound network,

also consists of two types of entities: distribution centres and customers (e.g., retail

partners or end-users). These entities are linked together, indicated with arrows, meaning

that the �ow of goods starts at production facilities and ends at the customers.

Mapping the supply chain in networks of entities within and beyond the boundaries

expose numerous challenges in the supply chain, including, but not limited to: the sharing

of information between entities (Kumar & Pugazhendhi, 2012; Lee & Whang, 2000), supply

chain integration (Awad & Nassar, 2010; Evangelista, 2012), and inventory management

(Cachon & Fisher, 2000; Singh & Verma, 2018). Understanding the supply chain network

enables managers to make decisions to con�gure and optimise speci�c nodes and

connections in the supply chain to deal with these problems (Slack et al., 2018). Networks

can for example be made more lean (Wee & Wu, 2009; Wincel, 2008), more agile

(Christopher, 2000; Power et al., 2001) or more �exible (Chatzikontidou et al., 2017;

Stevenson & Spring, 2007) to increase supply chain performance (Beamon, 1998).

2.1.2 Supply chain from a system dynamics perspective

The aforementioned de�nitions of supply chain management and supply chain networks

explain why a systems approach including, but not limited to system dynamics is often

applied to the problem domain of supply chain management (Akkermans et al., 1999;
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Towill, 1996). Forrester (1958) was the �rst that described the complexity of industrial

companies as interactions between physical and information �ows. These �rst concepts

and ideas paved the way for still leading works in the �eld of system dynamics including:

Industrial Dynamics (Forrester, 1961), Urban Dynamics (Forrester, 1999), and World

Dynamics (Forrester, 1973). Thenceforth, system dynamics has been applied in many

different settings because of its high versatility (de Gooyert & Größler, 2018). System

dynamics in SCM is mostly applied to industrial, manufacturing, and retail actors. The

most popular functions are planning and production (Rebs et al., 2019).

This study uses system dynamics to map the supply chain network of the smartphone

supply chain to capture the interdependencies and feedbacks in the system concerning the

�ow of goods and �ow of information, and to create an understanding of the system

behaviour of the smartphone supply chain. Supply chain networks uses nodes and

connections to map the �ow of goods and information. System dynamics uses stocks, �ows

and auxiliaries to map the �ow of material and information �ows, which enables the

quanti�cation of processes in the model (Barlas, 2009; Sterman, 2000). Stocks,

accumulations over time (e.g., Inventory), characterise the state of the system and provide

the system with information to make decisions or actions (Sterman, 2000). Flows are the

rates that increase and decrease stocks (e.g., production rate and shipment rate) and

auxiliaries (e.g., desired inventory) consist of functions of stocks, constants or exogenous

inputs, and provides the system with information feedbacks from the stocks to the �ows

(Sterman, 2000).

Interdependencies and feedbacks proved to be an important driver of the behaviour of

systems across various disciplines, including supply chain management. SCM transcends

the borders of individual organisations and spans across the globe. The supply chain is a

complex system because many key actors and entities within the supply chain have

different objectives and perspectives (Moldavska & Welo, 2015). The interdependencies

between these key actors and entities characterise the dynamic nature of supply chains

involving both �ow of goods and information (Chopra & Meindl, 2019), and are the

sources of non-linearity in supply chains (Surana et al., 2005).

2.2 Uncertainty

Uncertainty can be broadly de�ned as the absence or a limitation of knowledge about the

future, the past, or current events (Walker, Marchau, et al., 2013). Often in policy-making

limitations in knowledge are inevitable and policy-makers need to justify their decisions

with the best available information (Heazle, 2016). Funtowicz and Ravetz (1990) describe

uncertainty as being more than the absence of knowledge but de�ne uncertainty of

de�cient information that are 1) inexact, 2) unreliable, or 3) close to ignorance. However,

when knowledge is scarce, the likelihood of uncertainty increases (Van Asselt & Rotmans,

2002). Uncertainty in policy-making can be formally de�ned as: “any departure from the

unachievable ideal of complete determinism."(Walker et al., 2003, p.4). The remainder of this
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section identi�es different levels of uncertainty and clari�es the de�nition of supply chain

uncertainties used in this research.

2.2.1 Levels of uncertainty

To classify decision making to happen under deep uncertainty, it has to comply with three

conditions: First, actors in the decision-making process do not agree on the relationship of

key driving forces that will shape the future. Second, they do not agree on the probability

distribution of key variables. Third, they do not agree on the parameters and the desirability

of alternative outcomes (Lempert et al., 2003).

Continuing along the same lines, �gure 2.2 shows that uncertainty can be categorised into

�ve levels that re�ect the increasing uncertainty that decision-makers deal with (Walker,

Lempert, et al., 2013). Level 1 uncertainty can be described as a situation wherein the

outcome is not certain. This can, in most cases, be solved with a sensitivity analysis. Level 2

uncertainty is often associated with multiple forecasts or alternative futures in succession

with the probabilities that are associated with the forecasts. Level 3 uncertainty represents

a scenario in which multiple alternatives are determined and they can be ranked based on

the likelihood. Level 4 uncertainty represents multiple plausible scenarios without the

ability to rank the alternatives based on likelihood. In level 5 uncertainty, the only thing we

know is that we do not know. This is the deepest level of uncertainty which is recognised.

Besides the levels of uncertainty, two other situations are possible: 1) complete certainty in

which the actor is completely certain of a future scenario. This, however, is not attainable.

On the other side of the spectrum, 2) complete ignorance, in which absolutely nothing is

known.
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FIGURE 2.2: Transition of levels of uncertainty (Kwakkel et al., 2010)

2.2.2 Uncertainty in SCM

Supply chain disruptions and uncertainties have received ample recognition in scienti�c

literature. Based on the literature in supply chain risk and quality management,

uncertainty can be conceptualised as three factors (Tse et al., 2016; Tse & Tan, 2012): 1)

demand uncertainty, 2) supply uncertainty, and 3) logistical uncertainties.

First, demand uncertainties transpire when organisations are not able to accurately forecast

or predict upstream customer demand (F. Y. Chen & Yano, 2010; Ye et al., 2018). For

example, demand uncertainties are disruptions that trigger sudden changes in consumer

behaviour, this could make predicting customer demand accurately dif�cult, causing

demand uncertainties. Second, supply uncertainty is de�ned as the supply disruptions that

occur when the level of quality of materials and semi-�nished goods do not meet the

standards of the organisation or their customers (Tse & Tan, 2012; Tse et al., 2018). This

could result in product recalls, disrupting the distribution of goods. However, the

considerable quality control management most organisations apply to counteract
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occurrences of supply uncertainties (Tse & Tan, 2012) limiting the effects of supply

uncertainties on decision making. Third, logistical uncertainties are the uncertainties that

are associated with the �ow of goods, in the form of including but not limited to

transportation, warehousing or processing (Cavinato, 2004; Kwak et al., 2018). The

globalisation made many supply chains highly complex systems that usually span multiple

continents. An example of logistical uncertainties was the blockage of the Suez canal in

2021 caused major unforeseen disruptions in supply chains worldwide (Correia et al.,

2021).

Considering the above-mentioned disruptive events and their level of uncertainty, for this

research, the underlying assumption is that the decision-making process within the supply

chain is positioned in relatively high levels of uncertainty (Level 3 or 4). Supply chain

uncertainties are caused by demand, supply, and logistical disruptions or unforeseen

events. Therefore, the decision-making process within the supply chain to act under a

alternate futures (Level 3) or an multiplicity of plausible unranked futures (Level 4) due to

these demand, supply, and logistical disruptions or unforeseen events.

Generally, supply chain uncertainties leads to more waste in processes (Persson, 1995). It

stimulates and encourages decision makers in all parts of the supply chain to increase time

buffers, safety stock levels, or increased inventory sizes (Salehi Sadghiani et al., 2015;

Sherafati et al., 2019; van der Vorst & Beulens, 2002). Samimian-Darash and Rabinow

(Samimian-Darash & Rabinow, 2015) argue that uncertainty in the current system can lead

to positive effects in the future systems. However, Wang (Wang et al., 2019) could not �nd

supporting evidence for this claim in an Australian case study within supply chain

management.

Some studies explore the effects of uncertainty on supply chain management, however, do

not offer any practical tools to deal with uncertainties (Langroodi & Amiri, 2016). Adaptive

policies are not considered to address high levels of supply chain uncertainty in the scienti�c

literature.

2.3 Adaptive policies to address uncertainty

Adaptive policy-making are tools or theories suited to deal with deep uncertainty in the

decision-making process. Numerous structured ways to address deep uncertainty in

decision making exists, including, but not limited to robust decision making, dynamic

adaptive planning, dynamic adaptive policy pathways, info-gap decision theory, and

engineering options analysis (Marchau et al., 2019). This research uses Dynamic Adaptive

Planning (DAP) to address uncertainty in the supply chain, because a DAP is able to deal

with high levels of uncertainties (Level 4) by developing an adaptive plan that is suitable to

deal with a multiplicity of plausible futures (Level 4-5) instead of a static plan that

performs competently for one or more speci�c futures (Level 1-2).
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The concept of dynamic adaptive policy-making is based on the `assumption-based

planning'-theory, a planning framework to support policy-making in uncertainty, was �rst

publicised late 20th century (Dewar et al., 1993). Dynamic adaptive planning itself was �rst

introduced almost a decade later by Walker et al. (2001) and later further de�ned by

Kwakkel et al. (2010). Dynamic adaptive planning empowers decision-makers to design an

explicit plan that includes adaptations when future conditions change. It transforms

common static strategic plans to a dynamic combination of policy actions that are to be

taken right away and policy actions that are preserved for the needed �exibility in the

future (Marchau et al., 2019).

Dynamic adaptive planning consists of a design phase and an implementation phase. In

the design phase the plan, monitoring plan and pre- and post-implementation actions are

determined. The implementation phase occurs when the design phase is completed. In

this phase the (monitoring)plans are implemented and contingent actions are taken when

conditions allow or necessitate them (Marchau et al., 2019).

Figure 1 shows the �ve steps of dynamic adaptive planning in the design phase. The �rst

two steps are comparable with traditional policy analysis studies (Quade, 1981; Thissen &

Walker, 2013), whereas steps three to �ve are speci�c to the `dynamic adaptive planning'

theory (Marchau et al., 2019).
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FIGURE 2.3: Steps in DAP adapted from Kwakkel et al. (2010)

I. Stage setting - The �rst stage is the core of the plan and involves traditional policy-

making activities such as objectives, de�nitions of success, constraints that are known

that possibly prevent the objectives to be reached, and a set policy options.

II. Assembling an initial plan - The second step consists of selecting one alternative that

is most preferred to be implemented and identifying the needed conditions in which
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the initial plan will strive.

III. Increasing robustness of the initial plan - The third step aims to take immediate

actions that can be implemented based on the identi�cation of vulnerabilities and

opportunities of the selected alternative and their associated probabilities (i.e., certain

or uncertain). These immediate actions aim to magnify positive effects associated

with the opportunities and reduce negative effects associated with the vulnerabilities.

These immediate actions are taken before implementation of the initial alternative.

The actions are classi�ed as:

• Mitigating actions (M): Actions that reduce the negative effect associated with

vulnerability that is certain.

• Hedging actions (H): Actions that reduce the negative effect associated with

vulnerability that is uncertain.

• Seizing actions (SZ): Actions that magnify the positive effect associated with

opportunity that is certain.

• Exploiting actions (EZ): Actions that magnify the positive effect associated with

opportunity that is uncertain.

• Shaping actions (SH): Actions that reduce the probability of a vulnerability or an

opportunity.

IV. Setting up the monitoring system. - The fourth step starts with the identi�cation of

signposts. Signposts specify the variables and information that should be monitored

to track whether the initial policy is achieving its objective. Triggers are the critical

signpost values that signify that actions should be taken to ensure the identi�ed

objectives are achieved.

V. Preparing the trigger responses. - The �fth step consists of the development of a set of

actions to be taken after implementation of the initial policy when a signpost reaches

its critical value (trigger). These contingent actions are classi�ed as:

• Defensive actions (DA): Actions to clarify the plan, preserve its bene�ts, or to

respond to exogenous threats to a speci�c trigger.

• Corrective actions (CA): Actions that adjusts the initial plan as a reaction to a

speci�c triggers.

• Capitalizing actions (CP): Actions that improve the performance of the initial plan

by taking advantage of opportunities.

• Reassessment (RE): The initiation of a process when the initial plan lost its

validity because underlying assumptions or objectives are changed. When

reassessment is necessary, the decision-makers need to develop a new plan

starting at the �rst step.
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The design phase is �nalised after these �ve steps. The outcome of the design phase is a

dynamic adaptive plan that is ready to be implemented. The implementation follows similar

steps as the design process. The immediate actions together with the monitoring systems

are implemented before the initial plan gets implemented. The initial plan will adapt, based

on the pre-determined contingency plans, signposts, and triggers to respond to scenarios

when the plan impends to be insuf�cient to reach its objectives.

Heretofore, examples of dynamic adaptive planning applications are exclusively scienti�c,

it lacks realistic examples of real-world decision-making problems (Marchau et al., 2019).

However, dynamic adaptive planning has been explored in numerous cases and situations,

including dealing with deep uncertainty in the transport sector where adaptive

policymaking is applied in road pricing, rail transport (Marchau et al., 2010), airport

planning (Kwakkel et al., 2010), the effects of climate change on the transportation and

infrastructure planning in the San-Francisco area (Wall et al., 2015), and in public

transportation combining implementation of Mobility as a service and dynamic adaptive

planning (Jittrapirom et al., 2020).
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Chapter 3

Methods

The �rst part in this chapter is the elaboration of the research strategy and research design.

Followed by data collection methods and data analysis methods. Thereafter the research

quality is discussed. The �nal section of this chapter is concerned with the ethical

considerations in this study.

3.1 Research strategy

The underlying philosophical position of this research is interpretive. This means that in

this research it is assumed that reality is accessed through social constructions, such as

language, shared meanings, and instruments (Greener, 2008; McKenna et al., 2011; Myers,

2020). Consequently, the perceptions, opinions, views, and the interpretation of these

sources of both the researcher and participants are central in this research. Furthermore,

the research is abductive of nature. “Abduction means creating a hypothesis (conjecture) which

can explain an empirical phenomenon."(Vennix, 2019, p.32). Rather than focusing on

generalisation of conclusions, abductive research is concerned with the idiosyncrasies of

phenomena (Danermark et al., 2019). An abductive research process is characterised by the

exploration of plausible theories to empirical observations (Dubois & Gadde, 2002) and the

simultaneous data collection and theory building (Taylor et al., 2002). This research aligns

well to the description of an abductive approach because it explores to what extent

adaptive policy-making tools are plausible to address uncertainty in the supply chain.

Furthermore, this research went beyond the pre-existing theoretical knowledge of dynamic

adaptive planning by elaborating and testing the theory of dynamic adaptive planning in

the supply chain management domain. Finally, the research applied a system dynamics

approach. According to Vennix (2019) the process of a system dynamics research approach

is similarly structured as the process of an abductive research approach. The process of a

system dynamics study starts with examining the behaviour of a speci�c phenomenon or

particular variable over time, based on this reference mode of behaviour the researcher can

develop dynamic hypothesis and modelling a system that represents the phenomenon. “A

system is an interconnected set of elements that is coherently organized in a way that achieves

something” (Meadows, 2008, p. 11). Vennix (1996) mentions two criteria for applying a

system dynamics approach appropriately which are 1) the problem should be dynamically

complex due to the underlying feedback processes and 2) it concerns involves long term

problems. Dealing with uncertainty in a complex system of interdependencies in the

smartphone supply chain �ts these criteria. Therefore, system dynamics is an appropriate

approach for this study.
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Research design

This research applied a qualitative case study research methodology. A case study research

method is an empirical research method that studies a particular phenomenon in-depth

(Yin, 2018). Case study methods are widely used in academia (Baškarada, 2014) because a

case study enable the researcher to study organisations within the complexity of the real-

world context (Baxter & Jack, 2015). The in-depth understanding of the complexity of the

smartphone supply chain system is a necessity for formulating a system dynamics model

of such a complex system. A qualitative single case study research methods provides this

necessary understanding of the speci�c phenomenon, or case. Practically, this means that

the case study research method �ts the qualitative research paradigm which means that this

research is concerned with the meaning of the perceptions and opinions of the participants

and the primary instrument of data collection is the researcher itself (Creswell et al., 2003;

Creswell & Creswell, 2018). Because of this qualitative approach, this research was able to

reach insightful conclusions on a speci�c phenomenon based on a relatively small number

of units of observation (Bleijenbergh, 2015; Myers, 2020). The qualitative data, from the

literature review, participants in semi-structured interviews, expert group, and the group

session, is used to elicit variables, model structure and policy actions.

Case description The speci�c phenomenon studied in this research was the European

subdivision of a multinational enterprise manufacturing smartphones and other consumer

electronics for the global market. The multinational enterprise designs, manufactures, and

distributes the products on centralised production locations. The subdivision's

responsibility laid within the distribution of goods over various sales channels. This study

included this distribution supply chain of a single smartphone type of the subdivision.

3.2 Data collection methods

The data collection consisted of a systematic literature review, semi-structured interviews,

an expert group, and a participative modelling session based group model building (GMB)

methodology and Dynamic Adaptive Planning. The research steps, with the corresponding

research content and methods used are shown in �gure 3.1. The rest of this section elaborates

how the data collection methods were used in this study.
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FIGURE 3.1: Research process �owchart

3.2.1 Systematic literature review

This research used a literature review as a data collection method to review a speci�c topic,

in this case the smartphone supply chain, to generate new knowledge. A systematic

literature review as a form of data collection is described as: "A review of research literature

using systematic and explicit, accountable methods . . . Reviews can inform us about what is known,

how it is known, how this varies across studies, and thus also what is not known from previous

research. It can therefore provide a basis for planning and interpreting new primary research.”

(Gough et al., 2018, p.2-4). The �rst part of the description refers to the method of reviewed

literature used in this research, which was undertaken according to a pre-determined plan.

The second part of the descriptions refers to the positioning of the literature review in this

study, which is the foundation on which the primary data collection is based upon.

Gusenbauer and Haddaway (2020) examined 28 academic search systems and evaluated

them on 27 criteria to assess the suitability of each of the academic search systems for

systematic literature reviews. Web of Science is one of the 14 academic search systems that

they assessed to be suitable for systematic literature reviews. Web of Science is an academic

search system that strictly provides peer-reviews academic papers, therefore, provides

high-quality papers. Furthermore, it is a practical choice because it can be freely accessed

as a Radboud University student. Therefore, the search of literature paper was exclusively

executed within the Web of Science search system. Figure 3.2 presents the systematic

literature selection method using search criteria, exclusion criteria and inclusion criteria.



Chapter 3. Methods 19

FIGURE 3.2: Systematic literature selection method

After this systematic selection method, 23 academic papers were included in this research

and analysed. The �nal list of 23 academic papers in alphabetical order by author name is

shown in table 3.1.
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TABLE 3.1: Selected academic articles in alphabetical order
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3.2.2 Semi-structured interviews

The �rst steps of this research consisted of two unstructured unrecorded interviews with

the gatekeeper. This is a speci�c role in group model building research ful�lled by a person

within the organisation who can help with framing the problem, identifying and contacting

participants for the semi-structured interviews, expert group, and the group model

building sessions (Andersen & Richardson, 1997; Eden & Simpson, 1989; Richardson &

Andersen, 1995; Vennix, 1996). Memos and �eldnotes were collected through these

unstructured unrecorded interviews with the gatekeeper. Additionally in the unstructured

gatekeeper interviews a respondent selection was made conjointly with the gatekeeper.

This resulted in a selection of �ve respondents as shown in table 3.2. The selection of

respondents had been made on the basis of improving decision quality and thus were

selected based on their expertise of speci�c entities in the supply chain and high interest in

the research (De Gooyert, 2020). All respondents were employed at the electronics �rm at

the time of the interview.

TABLE 3.2: Interview respondents

The participants of the semi-structured interviews are key actors within the electronics �rm

in the smartphone supply chain. These semi-structured interviews provided data on

system structure which were the foundation for a preliminary system dynamics model

structure of the smartphone supply chain. Semi-structured-interviews is a valid method for

collecting the necessary data to structure a system (Luna-Reyes & Andersen, 2003). In total,

5 semi-structured interviews of approximately 45 minutes were conducted. The questions

in the interview schedule were based on eliciting the system structure of the supply chain

network from the perspective of the electronics �rm, to get insights into the objectives of

the electronics �rm, and to get insights into the disruptions that occurred in the past or can

occur in the future.

The interview schedule used in the semi-structured interview consisted of 4 main

questions (see Appendix A). Question 1 was based on supply chain network literature,

earlier elaborated in subsection 2.1.1. Question 1 gave insights into how the supply chain is

structured concerning physical �ows and accumulations which is consistent with supply

chain networks. Question 2 was based on system dynamics literature, disclosed in

subsection 2.1.2. Question 2 gave insights into intangible �ows, such as perceptions,

mental models, or policies, creating feedback loops to create a state-determined system
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consistent with system dynamics literature. Question 3 and 4 were based on Dynamic

Adaptive Planning literature, elaborated in section 2.3. Question 3 elicited the important

key performance indicators and monitoring variables act and are monitored upon.

Question 4 provided insights in how the respondents experienced disruptive events and

how future disruptive events could impact the objectives of the electronics �rm. Objectives

and uncertainties, in the form of disruptive events, were key elements in the Dynamics

Adaptive Planning-framework.

3.2.3 Expert group

In this research, an expert group was used to share insights when formulating and

discussing the simulation model of the smartphone supply chain. The expert group

enabled insights in collective views on a prede�ned topic from a small group with

experience or expertise (Myers, 2020). Axiomatically, an expert group provided less depth

and detail per participant than an individual interview of the same duration would have

provided. However, the expert groups did provide very rich data and understanding from

different perspectives and viewpoints (Morgan & Hoffman, 2018; Myers, 2020). The expert

group consisted of the researcher, one of the research supervisors from the Radboud

University, and the Senior manager supply chain (respondent 4 and gatekeeper) from the

electronics �rm. The expert group had a duration of approximately 120 minutes. The

choice for such a small group size was justi�ed by the sensitivity of the topic (Morgan &

Hoffman, 2018). The expert group was unstructured, however, the topic, discussing the

preliminary system dynamics model structure of the electronics �rm, was prede�ned.

Formal system dynamics models rely heavily on quantitative data (Luna-Reyes & Andersen,

2003). However, considering the sensitivity providing quantitative data and this research

being a proof-of-concept of Dynamic Adaptive Planning in supply chain management, the

model was quanti�ed after the expert group using expert assumptions of variable values

instead of quantitative data sources.

3.2.4 Group session

This study used a group session, based on Group Model Building methodology and

Dynamic Adaptive Planning to review a quanti�ed system dynamics model based on the

semi-structured interviews and elicited a Dynamic Adaptive Plan to address uncertainty in

the smartphone supply chain.

GMB is a method of invention that is grounded in system dynamics theory. It combines

system dynamics modelling with group facilitation to systematically elicit and share

mental models in groups (Vennix, 1996). Group Model Building methodology is an

applicable method when complex problems are involved, these complex or messy

problems are de�ned as problems on which people do not agree whether there is a problem

or what the problem is (Rouwette, 2003; Vennix, 1996). For that reason, problems in GMB

are socially constructed entities. In other words, the problem will be perceived differently
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by different actors due to their interests or focus. Furthermore, subjectivity is unavoidable

as it involves different perceptions or opinions about objectives or organisational goals

(Franco & Montibeller, 2010). Considering the aforementioned, dealing with uncertainties

in the smartphone supply chain can be characterised as a messy problem. Different actors

upstream and downstream of the supply chain have different objectives and therefore

opinions on how to deal with uncertainties. Therefore, a group session based on the Group

Model Building methodology was an appropriate method of data collection in this

research. Furthermore, the group model building methodology aligned nicely with the

interpretative philosophical position of this research, centralising the perceptions, opinions,

and views of the participants.

The aim of the group session was to share the mental models of participants on the system

dynamics model, to elicit whether there were disagreements or discrepancies among

participants, and to extract data to formulate and implement an adaptive policy in the

system dynamics. Although, Vennix (1996) suggests using a preliminary model when time

is scarce, the application of GMB in this study diverged from standard appliances because

of the limited focus on modelling in the group sessions itself. Therefore, to manage the

time investment of the participants, this research applied the Group Model Building

methodology to initiate discussions and review on a preliminary quanti�ed model and to

elicit policy actions in one group session of 1.5 hours. The group session included �ve

participants from the electronics �rm, the same participants who were interviewed in the

earlier stages of the research, and one observer was a participant from outside the

electronics �rm as is shown in table 3.3.

TABLE 3.3: Participants of the group session

The �rst half of the session started with a quanti�ed preliminary model. This part of the

session focused on discussing and reviewing the simulation model. The main script in this

part of the session was the model review script (Richardson, 1997), to summarise the

dynamic insights of the model, to clarify mistakes, and to elicit feedback from participants

after the formal model had been completely structured. This script focuses on participants

feedback on the model structure and is typically executed at to the end of the research. The

second half of the session, the action ideas script was executed to identify and prioritise

actions (Meadows, 1999). In this case, the script has been be tailored to �t the DAP

framework, thus explicitly elicits the existing plan, anticipatory actions, and contingent

actions (Marchau et al., 2019).
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3.3 Data analysis

The articles during the systematic literature review were coded using an inductive coding

technique in three rounds of coding (see Appendix ??) in Atlas.Ti. The �rst round of coding

consisted of open coding. Open codes were applied to text fragments that were most

characteristic of the content of the text fragment (Bleijenbergh, 2015; Myers, 2020). The

second round of coding consisted of axial coding to discover connections and common

themes between the open codes (Bleijenbergh, 2015; Myers, 2020). In the third round, the

axial codes were compared to recognise patterns (Bleijenbergh, 2015; Myers, 2020). In this

study, the third round of coding is visualised with causal loop diagrams presented in

section 4.1.

All interviews were recorded with informed consent of the participant and were

transcribed. The transcripts were coded based on the coding method of Kim and Andersen

(2012), and Eker and Zimmermann (2016). The coding process used in this research

consisted of four steps as shown in table 3.4. The coding process began with a round of

open coding to extract relevant data segments from the raw text data, a step generally used

in inductive coding methods (Bleijenbergh, 2015; Myers, 2020). Thereafter, the data

segments were organised in coding charts to extract cause variables, effect variables, the

relationship type from causal structures, and to extract the cause variables and effect

variables of variable behaviour. Subsequently, simple words-and-arrow diagrams were

composed based on the coding charts. Finally, to create model structures, a form of axial

coding was applied that reassembled the data by �nding relationships among the

categories of codes (Bleijenbergh, 2015; Myers, 2020). Furthermore, this step combined

model structures into composite maps when structures shared a common variable. Kim

and Andersen (2012) apply a �fth step to linking maps to data sources for archiving

purposes, this step was excluded in this research because this research applied this method

of coding to a small number of interviews.

TABLE 3.4: Coding process adapted from Kim and Anderson (2012)

The functionality of semi-structured interviews in this research is to elicit system dynamics

elements of supply chain elements from the perspective of the electronics �rm. The coding

process used in this research is meant to systematically elicit structures from text data.

Therefore, the choice for a coding method based on the method of Kim and Andersen
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(2012) and Eker and Zimmermann (2016) is justi�ed by the purpose of the semi-structured

interviews. The use of pre-existing theories as source of identi�cation and as source of

interpretation of patterns is also justi�ed within the abductive research approach (Kennedy

& Thornberg, 2018). Table 3.5 shows the respondents with a reference to the corresponding

appendices for the transcription and analysis.

TABLE 3.5: Interview transcription and analysis

Respondent Transcription Analysis

1 Appendix ?? Appendix ??

2 Appendix ?? Appendix ??

3 Appendix ?? Appendix ??

4 Appendix ?? Appendix ??

5 Appendix ??

The expert group is not transcribed or coded. An additional data form was sent out to the

expert that participated. This document was used as the reference material for the expert

group. The group session was transcribed and the transcription (Appendix ??) was used as

reference material in this research, however, the group session was not analysed with a

speci�c coding technique. The group session presentation was used as �eld notes.

Methodological, theoretical, and re�ective memos were used in addition to the data

analysis techniques used in this study. Memos are additional tools in qualitative data

analysis (Bleijenbergh, 2015; Myers, 2020). The memos were made during the research

process and the analysis process, and contain the thinking process of the researcher.

3.4 Research quality

To assess quality in research positivist research often applies reliability, validity and

generalisability as principles for assessing rigor in research (Bhattacherjee, 2012). However,

this study applied an interpretivist approach and these principles for assessing research

quality are not applicable in the same manner for interpretivist research . Lincoln and Guba

(1985) developed an alternative list of criteria that is suitable for interpretivist research that

consists of four criteria: 1) credibility, 2) con�rmability, 3) dependability, and 4)

transferability. The remainder of this section provides an insight into the actions taken to

abide by these criteria and the extent this research is conform the criteria.

First, credibility refers to whether the report of the �ndings and the interpretation of these

�ndings during data analysis are believable. This study included rigorous method of

interpretating texts into causal loop diagrams. This approach contributed to the credibility

of the �ndings. Furthermore, the �ndings were based on three data sources: literature

review, interviews, expert group, and group session. The different data sources

demonstrated data triangulation across data collection techniques used in this research,
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positively contributing to the credibility of the research. Finally, the data is transparently

presented in the appendices, and clear methodological choices were made in this chapter,

further contributing to the credibility of the study. Second, con�rmability refers to what

extent the �ndings reported in the research are con�rmed by others. This study used two

techniques in which this con�rmation had been applied. First, the expert group had the

purpose of reviewing the model structure and, therefore, con�rming the interpretations

made by the researcher. Second, the group session used the model review script to discuss,

critique, and possibly disagree upon the model structure. Participants agreed in both the

expert group and the group session with the discussed model. Therefore, the �ndings

could be seen as con�rmable. Third, dependability refers to whether two independent

researchers, who both address the same phenomenon, could come to the same conclusion.

This study applied a rigorous and transparent analysis method which was clearly

described at the beginning of this chapter. Finally, transferability refers to the extent the

results of the research can be generalised to other settings. This study applied a single-case

study approach within an abductive research paradigm, therefore, the intention of this

study was not to generalise the results. However, the study describes the structures and

research content clearly and extensively, therefore, ensuring the reader will be able to

independently assess the transferability of the study.

3.5 Research ethics

Principles for ethical research practices were taken into account in designing, conducting the

data collection and analysis, and while reporting results. The principles are in accordance

with the Netherlands Code of Conduct for Research Integrity. These practices were applied in

multiple ways because the researcher had to ful�l several roles during the research, such as

the role as interviewer and facilitator of the focus group and group model building sessions.

As interviewer, the researcher assured that before the interview, the interviewee was

explained that all content of the interview has been handled con�dentially and has been

anonymised. The interviewee was asked for permission of recording the audio of the

interview to be able to transcribe and code the interview. The interviewee were informed

that, if they preferred, they would receive access to the transcript (Myers, 2020). These

steps were taken to ensure that the participant was enabled to give their informed consent

(vocally and/or in writing) to participate in the interview. All interviewees were explained

that they were free to discontinue participation as they wish (Payne & Payne, 2004). Before

the interview, all content of the interview was anonoymised and handled con�dentially.

After the interview the audio recording has been transcribed and, if they declared their

preference, sent back to the interviewees to edit the transcription, if they were to feel

uncomfortable with their answers. The audio recording has been immediately deleted as

soon as the interviewee agreed with the transcription. The researcher, in his role as

interviewer, remained open, unjudged, and treat interviewees with fairness and

impartiality. Memos made during the interview and analysis of the interviews are not be

part of the appendices and deleted after the research.
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As facilitator, the same principles regarding informed consent and the handling of data

were applied. Also, the researcher remained open, unjudged and treat interviewees with

fairness and impartiality. Before the group sessions started, the researcher clearly explained

his role as facilitator to the participants and made it clear that he would allow feedback and

changes in the process. As a facilitator, you have the ability to manipulate people and thus

results. The researcher acknowledged that his role as facilitator came with this ability and

did not apply any techniques that might in�uence the opinions and other's perspectives.

As a facilitator, the researcher maintained neutral by enabling participation of all

participants, not just a few (Kaner et al., 2007). Memos made during the focus group

session and group model building sessions and analysis of these sessions arw not be part of

the appendices and deleted after the research.

Data from documentation has been be stored safely on the university's cloud and deleted

as soon as possible. The researcher was transparent in how the documentation is utilised.

Documentation that is no longer necessary for the remainder of the research has been

deleted. To ensure anonymity the identity of the organisation should be disguised (Payne

& Payne, 2004). Therefore, the organisation will be referred to as `electronics �rm' or

'subdivision'. All participants were asked if they would like to be informed with the results

of the research. If that was the case, they have received a digital copy of the results via

e-mail. Concerning the ethical implications on the organisation, population, or society. The

results of this study are published on the publicly on the Radboud Repository with

permission of the industrial partner that participated in this research. None of the methods

or �ndings of this study present any harm to any stakeholders.
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Chapter 4

Results

This chapter presents the �ndings of this study. First, the generic system structures are

elaborated, which relates to research question 1A. Thereafter, the case of the OEM European

subdivision is presented, which relates to research question 1B and 1C. Finally, based on

insights from a participative session, the �ndings for research question 2 are presented in

section 4.3.

4.1 Generic system structures

In section 2.1, it is stated that this research follows a supply chain network approach.

Modelling the supply-side dynamics and demand-side dynamics in the distribution and

outbound network of the smartphone supply chain. To understand the complexity of the

supply chain dynamics in the smartphone supply chain, this section �rst presents �ve roles

and their responsibilities that are relevant in the distribution and outbound network of the

smartphone supply chain (listed in Table 4.1) elicited from a systemic literature review on

relevant papers within the consumer electronics industry. Thereafter, the interactions

between these roles and responsibilities in the distribution and outbound network have

been captured in causal loop diagrams of the supply, demand and distribution subsystem.
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TABLE 4.1: Roles and responsibilities in the smartphone supply chain

First, suppliers are organisations that produce: raw materials, components, or

semi-�nished goods. Within the supply chain they supply raw materials (Hannibal &

Kauppi, 2019), components (Jain et al., 2016; Zhang et al., 2019) and/or semi-�nished

goods (Chan et al., 2013) to manufacturers. Because the supply chain is dependent on

ef�cient movement of goods, suppliers need to manage their inventories to prevent

out-of-stock scenarios (Banik et al., 2020). Moreover, in closed loop supply chains,

suppliers are often responsible for component recovery (Huang et al., 2016).

Second, manufacturers, these are organisations that produce �nished goods (Banik et al.,

2020; Bhattacharjee & Cruz, 2015; K.-L. Chen et al., 2014; Jain et al., 2016; Jin et al.,

2015).Manufacturers need to actively source suppliers to enable production (Hannibal &

Kauppi, 2019). Furthermore, they design new products (Chien et al., 2020; T. Y. Kim et al.,
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2018), control the quality of incoming supplies and outgoing products (Calmon & Graves,

2017; Calmon et al., 2019; Zhang et al., 2019).

Third, distributors are organisations linking the manufacturing with retailers or end-users.

They allocate and distribute goods from the manufacturer to the retailers (Jung, 2012). For

a steady �ow of goods, it is important that they manage their inventory levels (Banik et

al., 2020). An important tool to manage the inventory is demand-forecasting, using the

information provided by retailers and end-users to predict future orders at the manufacturer

(Chien et al., 2020; T. Y. Kim et al., 2018).

Fourth, retailers, these are organisations that sell products to the end-user. Retailers process

(Jung, 2012) and ful�l customer orders (Gutierrez-Gutierrez et al., 2016) by shipping the

product to the end-user (Jung, 2012). They are often the point-of-sale for the end-users in

the supply chain (Huang et al., 2016; Jain et al., 2016; Jocevski et al., 2019) and therefore often

provide customer service (Calmon et al., 2019). Retailers rely on inventory to sell products,

to prevent out-of-stock situations they need to manage the inventory levels (Banik et al.,

2020; Calmon & Graves, 2017) often by demand forecasting (Chien et al., 2020; T. Y. Kim

et al., 2018). In closed loop supply chains, retailers have an enabling role by providing the

reverse logistics (Huang et al., 2016).

Fifth, end-users, these are the end-consumers of the product. End-users purchase goods

from retailers either on a physical or online market (Banik et al., 2020; He et al., 2019; Jin

et al., 2015; Jocevski et al., 2019; Sheu & Choi, 2019). However they also provide crucial

information for retailers and manufacturers about the quality of the product (Borenich et al.,

2020). In closed-loop supply chains, end-users have the responsibility of returning end-of-

life products (Bhattacharjee & Cruz, 2015; Huang et al., 2016; Mahadevan, 2019).

Figure 4.1 illustrates an overview of the generic supply chain model with three sub-models:

1) Supply model, 2) Distribution model, and 3) a Demand model. Each sub-model is

connected with a �ow of information and a �ow of goods. The actors that are considered in

the supply subsystem are the suppliers and the manufacturers. In this model, they perform

two important actions: 1) forecasting and 2) inventory management. The demand

subsystem consists of interactions between retailers and end-users. Retailers forecast future

product demand to manage their order rate at distributors. End-users provide the

customer orders that retailers ful�l and use for their forecasts. The distribution subsystem

consists of a distributor. Their main actions are allocating goods to multiple retailers,

forecasting overall market demand to manage their warehouse inventory.
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FIGURE 4.1: Conceptualised model of the smartphone supply chain

Based on the literature review (see appendix ??), the following three sections describe the

supply, demand, and distribution subsystem, including the above-mentioned roles and

responsibilities and interactions within the subsystem. The subsystems are presented as

causal loop diagrams, meaning that an arrow implies a causal relationship between the two

variables it connects. When the variables change in the same direction, it is denoted as a

positive polarity, when the variables change in opposite directions, it is indicated with a

negative polarity. Feedback loops, either balancing (B) or reinforcing (R) are indicated with

a loop-sign either clockwise or counter clockwise.

Supply subsystem

Figure 4.2 summarises the main causal relationships within the supply subsystem. It

consists of four feedback loops. B1 is a balancing feedback loop, it implies that an increase

in the supplies order rate of the manufacturer increases the delivery rate, this leads to an

increase in the supplies inventory. The higher the supplies inventory, the lower the gap

between the desired and actual inventory. This decrease leads to a decrease in the supplies

order rate. B2 is a balancing feedback loop and presents the dynamics between inventory

of supplies (i.e., raw materials, components, semi-�nished goods) and production rate. The

higher the production rate, the lower the inventory of supplies will be, the lower the

production rate will be. B3 is another balancing feedback loop and represents another

production dynamics. The higher the production rate, the higher the smartphone

inventory, the lower the gap between the desired smartphone inventory and the actual

state of the system, which is the smartphone inventory. This change reduces the production

rate. Finally, B4 is a balancing feedback loop that represents the way the manufacturer uses

the information of the distributor to manage their inventory to minimise the chances of

excess inventory and out-of-stock situations. The higher the distributor inventory, the

lower the distributor order rate will be. The distributor order rate lowers the manufacturer

demand forecast, which results on lower production rates, a lower inventory rate, lower

shipment rate and eventually lower a lower distributor inventory.
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FIGURE 4.2: Supply subsystem

Demand subsystem

Figure 4.3 elaborates the main causal relationships within the demand subsystem. The

model consists of three feedback loops. First, B1 is a balancing feedback loop, it presents

the dynamics between customers, retailers and distributors. The higher the customer

orders, the higher the retailer demand forecast will be. This increases the distributor order

rate, which means the amount of goods that the retailer procures at the distributor. The

higher the order rate, the higher the distributor delivery rate. This increase leads to an

increase in retailer inventory, which will increase the retailer's sales rate. This change

increases the order ful�lment rate. An increase in order ful�lment rate, lowers the

customer orders. Second, B2 is a balancing feedback loop, it implies that an increase in

retailer inventory leads to an increase in retailer sales rate, which results in a higher order

ful�lment rate. This change leads to a lower retailer inventory. This feedback loop depicts

the internal dynamics of the retailer and presents the necessity for retailers to manage

inventory levels well to ful�l customer orders. Third, B3 is a balancing feedback loop that

represents the customer order process. The higher the customer orders, the higher the

retailer sales rate, the higher the order ful�lment rate, which leads to a decrease in

customer orders.
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FIGURE 4.3: Demand subsystem

Distribution subsystem

Figure 4.4 presents the main causal relationships within the distribution subsystem, the

model consists of three feedback loops. B1 is a balancing feedback loop that depicts the

dynamics of a distributor linking the supply and demand side when dealing with supply

shortages by allocating goods. When orders from retailers increase, distribution demand

forecast and distribution order will also increase. This change will lead to a higher

manufacturer production rate, more manufacturer supply and eventually a higher

distributor inventory. An increase in distributor inventory means less supply shortages

leading to less allocation of products, which increases the shipment rate to retailers. An

increase in shipment rate to retailers leads to a decrease in retailer demand, this leads to

less orders from retailers. B2 is a balancing feedback loop presenting a similar dynamic as

B1, however, B2 does not include supply shortages. R1 is a reinforcing feedback loop that

presents the effect supply shortages has on the demand of the retailer. It implies that when

orders from retailers increase, supply shortages will also increase. This leads to more

allocation of products, less shipment rate to retailers and more retailer demand. An

increase in retailer demand means more orders from retailers, creating a reinforcing

feedback loop.
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FIGURE 4.4: Distribution subsystem

Key insights and expected model behaviour

The generic system structures show that lead times occur in every subsystem of the supply

chain. Therefore, it is likely that oscillating patterns occur in: inventories, sales and

distribution rates, and production rates. The generic system structures also show that the

customer demand is an exogenous variable that triggers the sales, thus triggering the

distribution, and production of goods. Therefore, it can be assumed that in the selected

literature, consumer electronics supply chains apply a pull strategy. Furthermore, the

generic subsystems show that the coordination between the subsystem is limited. The

producer has limited information of the customer demand, due to the chain of information

�ow. Most of the literature reviewed, assumed an uncoordinated supply chain, generic

subsystems show. Behaviour in a supply chain structured as the above-mentioned

subsystems (i.e., uncoordinated) is expected to show amplifying oscillating behaviour

following the customer demand because the delays within and between the subsystems

cause the oscillating pattern of behaviour, whereas the delay in response between actors

causes this pattern to amplify overtime.

4.2 Case: European subdivision of Global smartphone OEM

A system dynamics model of the smartphone supply chain that is relevant from the

perspective of the OEM's European subdivision can be divided into two key elements.

First, a �ow of goods that describes the process of how the goods get from the source to the

destination. Consistent with the theoretical framework, this �ow of goods does not entail

the entire supply chain but is limited to the outbound and distribution network. Second, a

�ow of information that describes the information processes within the outbound and

distribution network linking stages, such as accumulations and rates together. The

addition of information feedback creates state-determined system (Sterman, 2000) that

re�ects the outbound and distribution network of the smartphone supply chain. This

section, �rst elaborates on the �ow of goods structure, presented as simple stocks-and-�ow
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diagrams. Thereafter, the �ow of information structure is elaborated. Thenceforth, the

quanti�cation of the simulation model is presented. Finally, this section concludes with a

description of six model validation test results.

4.2.1 Model structure

This section presents the model structure of the distribution and outbound network in the

supply chain of the OEM subdivision. First, the �ow of goods is presented as stocks-and-

�ows models. Thereafter, the information �ows are added with auxiliary variables.

Flow of goods

The �ow of goods that is relevant for modelling the OEM's European subdivision outbound

and distribution network consists of �ve general themes which are summarised in table 4.2:

1) production, 2) shipment to the warehouse, 3) distribution, 4) customers inventories, and

5) end-user sales.

TABLE 4.2: Thematic overview of the �ow of goods structure

Production The production of goods in a supply chain is the responsibility of the

manufacturer (Banik et al., 2020). Within the smartphone supply chain these manufacturers

are often original equipment manufacturers, meaning these manufacturers design and

produce the products themselves. Calmon et al. (2019, p.1) considers an identical

distinction in their case study: “We consider a supply chain with three players: an Original

Equipment Manufacturer (OEM) that produces electronic devices, a retailer that sells the devices
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manufactured by the OEM and offers warranties to customers, and customers that purchase and use

these devices”As �gure 4.5 shows, the production activities are modelled in a limited matter,

as the focus is on the outbound and distribution network. This supply chain model simply

uses a production rate, that aggregates a complex global production network of raw

material suppliers, components suppliers, and production facilities. It also includes a single

stock: Inventory factory. that aggregates multiple inventories at every production facility.

FIGURE 4.5: Model structure of production

Moreover, the subdivision has limited effect on the global production activities and mostly

focus on aligning national supply and demand in Europe. Respondent 1 explicitly mentions

the model boundaries:

“The supply chain is of course very broad, that can start from your raw materials.

From my side, it is more from once it has been produced, or the production up to and

including at the warehouse.” (Respondent 1)

The production is a global process which is scattered over many countries. As is mentioned

by Respondent 1:

"We have a number of factories. More speci�cally, we have Country 1, we have

Country 2, we also have Country 3 and in Country 4 and there is quite a bit of difference

of course."(Respondent 1)

Respondent 3 adds to this that beyond Europe, the subdivision has limited control when

resolving issues or optimising processes:

“So production side, if we have all those issues which are related to the all part because

still, as far as I understand or some parts are still producing from Country 2, some move

to Country 3 where our biggest manufacturers are there. But in terms of the logistics side

and the demand side, actually, this is at least we can control. From our end, if there's any

issue, at least we can make a solution from our end. But the production side actually is

out of our control.”(Respondent 3)

Warehousing Figure 4.6 shows the way the warehousing by the distributor, in this case

the subdivision, is modelled. This supply chain links the factory inventory with a single

shipment rate to the `Distribution warehouse inventory'-stock.

FIGURE 4.6: Model structure of warehousing
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Respondent 2 explains that shipments come in every day from production facilities at

airport.

“We actually receive things at the warehouse every day, so that comes in at the

airport, which is then booked by the 3PL provider”(Respondent 2)

Respondent 1 adds to this by explaining how the factory sends the products with the

necessary information of what will arrives, how much products are being shipped and

what the estimated time of arrival is.

“The factory sends everything to the airport by air freight and the information we

then receive is from the factory of what is ready, how much and when.”(Respondent 1)

Distribution The distribution of goods over a retailer and e-commerce retailers is shown

in �gure 4.7 as a stocks-and-�ow diagram. The `Distribution warehouse inventory'-stock is

the distributor's central warehouse from which goods �ow towards the retailers, modelled

as out�ows.

FIGURE 4.7: Model structure of distribution

The distribution to the retailers is limited to the central warehouses of the retailers, as

Respondent 2 explains:

“All customers simply have their own warehouse, and well, Retailer 1, for example,

also has its own stores. They then supply the stores from the warehouse.”(Respondent

2)

Respondent 1 categorises the customers as retailers, operators, and distributors. Moreover,

it is mentioned that the direct sales channel of the OEM in Europe is limited:
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“We don't have many shops . . . the customers are mainly indeed: Retailer 2, the

operators that are Operator 1, Operator 2, and Operator 3, a large number of

smartphones goes to them, and a few distributors, which mainly go to B2B, so the

enterprise models. And meanwhile, some direct customers do indeed say, because that

customer portfolio is anything from 10 to 12 customers, of which the Retailer 1 and

operators therefore take the largest share.”(Respondent 1)

However, this model only makes a distinction between retailers and e-commerce retailers

aggregating operators and retailers in the retailer category, and online retailers in the e-

commerce category. Retailers and operators share common characteristics, such as more

in-transit stock beyond their warehouses. Respondent 4 explains this:

“But then retailers, of�ine retail retailers, or of�ine operators they have many shops,

which means that they have also some the stock in the pipeline, let's say. So they have

some stock at their warehouse, central warehouse. They have a stock at the shops and

also probably in-transit stock from the warehouse to the the shops and also from their

warehouse to direct their customer.”(Respondent 4)

Respondent 4 adds to this by explaining that e-commerce retailers work differently because

of their faster operation.

“I think the onliner is the fast. I mean they don't have any shops. So I think the the

onliners have very suf�cient stock and also very fast running in a way. So onliners in a

way stock management wise they are really easy”(Respondent 4)

Inventories of customers This model considers two types of retailers: 1) retailers and 2) e-

commerce retailers, because the retailers use different inventory structures to manager their

operations. Figure 4.8 shows the inventory structure of the e-commerce retailer. This single

stock structure is elaborated by Respondent 3: “. . . we create a delivery order and it moves from

the 3PL side, they pick and pack and they just ship it outbound and then it moves to the customers

warehouse �rst, for the onliners”.

FIGURE 4.8: Model structure of distribution to e-commerce retailer

The inventory structure of retailers is shown in �gure 4.9. In this supply chain model,

retailers have both stores and online ful�lment centres. Respondent 2 elaborates the

structure of the subdivision delivering products to the retailer's warehouse from where the

products gets further distributed amongst the stores:
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“We used to deliver directly to the stores, but we haven't been doing that for a year

and a half now. Now where really live on the central warehouse of Retailer 2 and they

then make the distribution themselves and to the stores.”(Respondent 2)

FIGURE 4.9: Model structure of distribution to retailers

Besides physical stores, retailers also have an online sales channel. Respondent 4 points

out the complexity of the inventory structure of retailers by including the online ful�lment

centres:

“I think most of the retailers and operators they have a different also separated the

online ful�lment centre so they have warehouse and then online ful�lment centre and the

shop. So basically they have two channels. So when the customer ordered via the online

or website, then the stock moving from central warehouse to ful�lment centre and from

there they actually sending out their product to their each person. So more complex.”

(Respondent 4)

End-users sales At the end of the supply chain, the products �ow to the end-users.

Respondent 4 points out that for the subdivision the supply chain objectives are important,

but they also are a commercial company with the necessity of selling products: “At the same

time, we also maximise our revenue. We are also in sales, so that could also be our objective.”Figure

4.10 shows the order ful�lment process is modelled with an identical single out�ow of each

retailer.

FIGURE 4.10: Model structure of in-store sales



Chapter 4. Results 40

Flow of information

The stocks-and-�ow structure is the backbone of the supply chain model. On top of this,

the �ow of information adds auxiliary variables creating a state-determined system of the

smartphone supply chain. Figure 4.11 conceptualises the �ow of information based on �ve

themes: 1) consumer demand, 2) forecast, 3) AP1 planning, 4) AP2 planning, and 5)

allocation of goods.

FIGURE 4.11: Conceptualised information �ow

Table 4.3 summarises the �ve general themes within the information �ows. This remaining

part of this subsection elaborates the �ow of information, structured based on these �ve

themes.
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TABLE 4.3: Thematic overview of the �ow of information structure

Consumer demand Figure 4.12 presents the stocks-and-�ow structure of the consumer

demand in the model. Based on the expert group `Consumer demand' increases by a

normal consumer demand corrected by a product lifecycle effect. The normal consumer

demand and product lifecycle effect forms the new consumer rate which is the in�ow of

the consumer demand stock. The fraction consumer demand divides the consumer

demand between retailers and e-commerce.



Chapter 4. Results 42

FIGURE 4.12: Consumer demand dymamics

The out�ow is presented as the ful�lment of consumer demand based on the sales of e-

commerce retailer, online retail and in-store retail. This means that when the sales are lower

than the new consumer demand rate, the consumer demand stock will increase. A situation

where such behaviour occurs is when there is limited production due to shortages and there

is no inventory at the stores. Respondent 4 mentions this dynamic:

“let's say demand of this market demand won't be changed, but then sales can be

changed. Depending on the hour, the sales deliveries to our customer. So if there is

shortages, of course the demand is there, but then sales won't be happening because of

the shortages. But then, you know, in the market in a certain times that we subdivision

have shortages, really huge shortages because of chipset.”(Respondent 4)

Retailer distribution As already elaborated, the retailer has their own warehouse from

which the retailer distributes the products over the stores and the online ful�lment centre.

Based on the insights from the expert group, stores have a different information feedback

loop to the Central retailer warehouse inventory as the online ful�lment centres has. Figure

4.13 shows the structure of the information feedback loop for the stores. Respondent 4

mentions the delayed calculations of stock and sales and the lack of visibility:

"But then of�ine retail retailers or of�ine the operators, . . . So there were some

delaying in terms of the sales or the actual stock calculations . . . And also, I think

mainly it is because of the lead time. So they need more safety stock. Furthermore the
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visibility is not there. So we need more suf�cient stock because they have more lead time."

(Respondent 4)

FIGURE 4.13: Distribution to stores

The structure of �gure 4.13 is a standard system dynamics structure which introduces a

perception delay of the sales. Instead of using the in-store order ful�lment rate as

information, the model uses the Perceived in-store sales as information for correcting

actions. The larger the perception delay is, the less accurate the Perceived in-store sales

become.

Figure 4.14 elaborates the structure of the information feedback loop for the online ful�lment

centre. This structure is similar as the structure for the physical stores, however, does not

include a perception delay.

FIGURE 4.14: Distribution to online ful�lment centres

Operations at the online ful�lment centres is comparable with an e-commerce retailer which

was con�rmed at the expert group. Respondent 4 mentions that the sales results at online
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operations are more direct than the sales results at a physical store:

“Okay, if we are selling to the onliners, then they can really sell immediately and we

can immediately see the result.”(Respondent 4)

Forecasts and AP1 planning Figure 4.15 presents the forecast and AP1 planning process

of a retailer. Based on the forecasted sales, forecasted consumer demand and current

inventory levels and how long these inventory levels can last an AP1 planning is

calculated. Respondent 2 explains this process:

“I have a few accounts for example Onliner 1, Operator 3 and Retailer 2 and with

those accounts I actually just plan during the week, we are working on the forecast in

the system. So what they want, what they have, what do we expect to sell and what

is the impact on your stock levels are always certain promotions are set in motion.”

(Respondent 2)

FIGURE 4.15: Retailer forecast and AP1 planning

Figure 4.16 shows the same structure, with the exception for the need of a total inventory

calculation, because the e-commerce retailers have a single warehouse inventory, which

simpli�es the structure within the model.
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FIGURE 4.16: E-commerce retailer forecast and AP1 planning

Allocation of goods Figure 4.17 shows the way the subdivision allocates the goods to

either the retailer or the e-commerce retailer. As respondent 1 explains the AP1 planning is

the main tool for the subdivision to allocate the products:

“That's where it starts to coordinate the planning with the customer. That's what

demand analysts do. That planning is ultimately also true, so the sales administrators I

just talked about and my colleagues who create those orders. So that is their guideline.”

(Respondent 1)

FIGURE 4.17: Allocation of goods structure

However, when the subdivision deals with shortages, the total AP1 planning is higher than

the inventory of the warehouse. Therefore, it is unable to distribute the requested AP1

planning of the retailer and the AP1 planning of the e-commerce retailer. Respondent 1

explains the allocation process:
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“The more accurate a forecast is, the better you can adjust your planning, your

supply planning and also it is responsible for allocation . . . So for a number of years

now, we've been dealing with a lot of shortages in the supply chain and we started to

make allocations together with sales, together with the head of sales, to make sure that

the products we have then also end up in the right place but also to make sure that there

aren't certain customers with a lot of stock”(Respondent 1)

Based on the expert group insights, this model uses an allocation fraction to determine the

goods that gets delivered when this situation occurs. This fraction uses the AP1 planning of

both parties and divides it by the total AP1 planning to calculate the ratio the retailer gets

allocated of the inventory.

AP2 planning Figure 4.18 presents the information �ow from the subdivision to the

factory. Respondent 3 points out that the subdivision sends information to the factory, the

latter than uses this to calculate their production rate within the boundaries of the

production capacity:

“Based on that (AP1), we are balancing and the shaping our top down forecast

because all those are production planning is based on our top down forecast ... And

based on that, the factory just take all those our numbers and they are calculating

whether they can supply or not.”(Respondent 3)

FIGURE 4.18: Structure of AP2 planning

The AP2 planning takes the same structure of the AP1 planning, however, it takes the AP1

planning as the input instead of the sales- and demand forecasts. Respondent 2 adds to this

by explaining that this information, the AP2 planning, consists of the aggregation of the AP1

planning of the different retailers:

"I now discuss the planning with Operator 3, for example, then we look at what

numbers do we need and we then add them to the AP1 planning and that is taken into

account in the AP2 planning as an overall for all our customers.”(Respondent 2)
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Supply chain uncertainties

Chapter 2 de�nes three types of uncertainties that occur in the supply chain: 1) demand

uncertainties, 2) supply uncertainties, and 3) logistical uncertainties. This section partially

addresses the research sub-question 1C based on these three categories in supply chain

uncertainties. The effect of the supply chain uncertainties is further elaborated in the

section: Reference behaviour.

Demand uncertainty Demand uncertainties are mainly related with declining sales which

is caused by declining demand for consumer electronics, speci�cally smartphones.

Respondent 3 explains that the current Ukraine-Russia war causes some economic

disruptions that did not hit the consumer electronics industry yet, however, if it does, it

will affect the total consumer demand negatively:

"But not to the Netherlands, I think. Still market here is still okay. Yeah. But because

of, for example, even food crisis is already there. And if we have all those impacts because

of that economically, we are having the risk . . . But if there's any further some factors

that can make a negative impact to our market, such as a war or the economic crisis or

something."(Respondent 3)

To conclude, in this model, demand uncertainties in the smartphone supply chain will affect

the new consumer demand rate negatively as a normalised constant (i.e., ranging from 0 –

2). For example, a demand uncertainty effect of 0.8 would mean that the new consumer

demand rate is 80 percent of the normal value.

Logistical uncertainty Logistical uncertainties that can occur in the model are: in the

shipment rate and the various distribution rates. When asked where signi�cant disruptions

occur concerning the logistics, Respondent 5 explains that they occur in the inbound

logistics. This practically means that they occur before they enter the warehouse of the

subdivision. Respondent 5 mentions the inability to book the inbound orders, reducing the

amount of products shipped to the warehouse, and delayed shipment, also reducing the

amount of products shipped to the warehouse.

“I think the only where I , but that can have some disruption to it, is if the dual

system is �at, for example, so that the installation can't be booked in . . . Country 1 is in

lockdown now, we're bothered by that, so we'll keep shipments in Shanghai, because that

will be postponed again.”(Respondent 5)

To conclude, in this model, logistical uncertainties in the smartphone supply chain will affect

the shipment rate negatively as a normalised constant (i.e., ranging from 0 – 2). For example,

a shipment uncertainty effect of 0.8 would mean that the amount of products shipped after

the shipment lead time is 80 percent of the normal value.

Supply uncertainty Supply uncertainties are mainly related to availability of raw

materials, components and workforce to operate the production facilities at the maximum
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production capacity. Respondent 3 explains that factory lockdowns due to the COVID

pandemic lowers production rates because the production capacity cannot be utilised:

“Well, the most concern for my end so far. It's about this production side because even

there are still uncertainties, especially, for example, from Country 2. They are having like

a zero COVID policy. So they are making all the factories lockdown”(Respondent 3)

Respondent 1 adds to this that supply uncertainties can also occur in material shortages

besides the possible personnel shortages:

“We have a number of factories. More speci�cally, we have Country 1, we have

Country 2, we also have Country 3 and in Country 4 and there is quite a bit of difference

of course. If you go a little deeper into those constraints that you can have, the ones

that we can specify then are material shortages, we have personnel shortages, we have

capacity issues.”(Respondent 1)

To conclude, in this model, supply uncertainties in the smartphone supply chain will affect

the production capacity negatively as a normalised constant (i.e., ranging from 0 – 2). For

example, a supply uncertainty effect of 0.8 would mean that the production capacity is 80

percent of the normal value.

Model structure overview

This section can be summarised with the overview of the model structure of the

smartphone supply chain from the perspective of the OEM European subdivision. Figure

4.19 presents the aggregated model structure that includes all the thematic subsystems of

the �ow of goods and the �ow of information, elicited from the insights from the interview

respondents.
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FIGURE 4.19: Overview of the model structure
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4.2.2 Simulation model

The previous section elaborated the model structure in detail. This section presents the

formal simulation model based on the information �ow and �ow of goods described in the

model structure. First, some model assumptions and speci�cations are established.

Thereafter, the model quanti�cation is elaborated by the explanation of key equations.

Third, this section presents the simulation results in the section reference behaviour.

Finally, the results of the rigorous model validation process is presented.

Model speci�cations and assumptions

The smartphone supply chain simulation model is modelled in Vensim PLE software

(Ventana, 2015), a system dynamics modelling software that is free to use for educational

purposes. The simulation horizon is set at a time period of one year, more speci�cally 0 to

365 days. The time unit is one day. This means that the model considers daily changes. The

model time step is set at 0.0625. This means that the model makes computations every 1/16

day. The integration technique to compute the differential equations is set at the Euler

method.

The quanti�ed model is based on seven assumptions. First, time is continuous. Meaning

that sales, forecasts, planning and shipments, and deliveries occur continuously. Second,

the model is deterministic of nature. The model does not use stochastic characteristics such

as randomised values. Third, consumers do not consider retail price. Consumers do not

decide where to buy the products based on retailer's prices, consumer demand for certain

retailers is a given. Fourth, products and consumers are homogeneous all products and

product speci�cations are identical, as is the consumer behaviour. Fifth, the market consists

of a duopoly, with two retailers who are not able to affect their output by changing prices,

product differentiation, or collusion. Sixth, consumer demand is exogenous, only corrected

by its product life cycle. Finally, no return �ows are assumed. The amount of return �ows

is non-signi�cant in the case of the OEM subdivision. To summarise, the model made the

following assumptions:

1. Time is continuous.

2. The model is deterministic.

3. Consumers do not consider retail price.

4. Products and consumers are homogeneous.

5. The market is duopolistic.

6. Consumer demand is exogenous.

7. No return �ows
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Model quanti�cation

The model as presented in �gure 4.19 consists of eight stock variables. Stock variables are

accumulations over time, which was brie�y explained in section 2.1.1. Equation 4.1

illustrates the mathematical expression of the Inventory factory stock. The stock consists of

the in�ow production rate and the out�ow is shipment rate. The units of the stock are in

`smartphones', and the in�ows and out�ows have the units `smartphones/day'. The other

seven stock variables uses the same equations, for that reason the rest of this section

addresses the formulation of in�ow and out�ow variables using additional auxiliary

variables.

Inventory f actory= Inventory f actory(0) +
Z t

t= 0
Production rate(t) � Shipment rate(t) (4.1)

Production rate (Pr) is the in�ow of Inventory factory. The �ow starts the �ow of goods in

the system. The production rate is limited by the production capacity (Pc). Therefore, the

equation consists of a MAX-function that considers this production capacity as the

maximum value of the �ow. The production capacity is as discussed in section 4.2.1

susceptible to supply uncertainties. Therefore, this production capacity is effected by

supply uncertainty effect (Su), which is a normalised constant and is set at 1 (i.e., no effect)

in the reference behaviour. Within the production capacity the production rate is

determined by the AP2 planning (AP2p) of the subdivision. The AP2 planning consists of

the sum of the Retailer AP1 planning (RAP1p) and the E-commerce AP1 planning (EAP1p),

the total AP1 planning (TAP1p). This is the total amount of smartphones the retailers

expect to sell over a certain time period. The amount of smartphones in the distribution

warehouse inventory (DWI) divided by the average stock coverage(Asc) is subtracted from

this amount. This portion of the AP1 planning can be distributed from the remaining

inventory. Because no return �ows are assumed in this model, a negative AP2 planning

would be counter-intuitive. Therefore, the equation takes the maximum value of the

described equation and zero.

Pr = MIN (AP2p, (Pc� Su)) (4.2)

AP2p = MAX (TAP1p �
DWI
Asc

), 0) (4.3)

TAP1p = RAP1p + EAP1p (4.4)

The Shipment rate (Sr) is the out�ow of the Inventory factory and the in�ow of Distribution

warehouse inventory. The shipment rate has a �xed delay of �ve days which is modelled as

the shipment lead time (sld). As discussed in section 4.2.1 logistical uncertainties affect the

shipment rate of the factory to the distribution warehouse. Therefore, this shipment rate is

effected by logistical uncertainty effect(Lu), which is a normalised constant and is set at 1

(i.e., no effect) in the reference behaviour.
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Sr = DELAY FIXED (Pr, (sld � Lu), 0) (4.5)

The distribution rate to retailers(DRr) and the distribution rate to e-commerce (DRe) are

modelled according to the same principles and, therefore, addressed together. The

distribution rate to retailer is discussed and the exceptions for the distribution rate to

e-commerce are mentioned explicitly. The equation for distribution rate to retailers, as

shown in equation 4.6, exists of an IF THEN ELSE function. This type of equation is used

because when the availability of goods in the Distribution warehouse inventory (DWI)

divided by the distribution lead time(dlt) is suf�cient to deliver the total AP1 planning

(TAP1p) it will distribute the Retailer AP1 planning (RAP1p) to the retailer (and the EAP1p

to the e-commerce retailer). However, when the stock does not have enough goods

available to deliver the total AP1 planning, it divides the content of the distribution

warehouse inventory over the two retailers based on the retailer allocation fraction (RAF)

(for the e-commerce one minus the retailer allocation fraction). The allocation fraction is the

percentage of retailer AP1 planning of the total AP1 planning, as is shown by equation 4.7.

The AP1 planning of the retailer, as presented in equation 4.8, takes the average of the

forecasted sales and demand and subtracts, similarly as AP2 planning, the total retail

inventory (TRI) because this portion of the forecast is covered by the existing inventory.

Because no return �ows are assumed in this model, a negative AP1 planning would be

counter-intuitive. Therefore, the equation takes the maximum value of the described

equation and zero. The retailer sales (RSF) and retailer demand forecasts (RDF) are

computed with the SMOOTH3-function (equation 4.9) that is an appropriate function for

calculating forecasts (Sterman, 2000). It computes the forecasts over a forecasting period

(FP) of seven days using the consumer demand for retailers (CDR).

DRr = IF THEN ELSE(TAP1p �
DWI
dlt

, RAP1p, (
DWI � RAF

dlt
) (4.6)

RAF =
RAP1p
TAP1p

(4.7)

RAP1p = MAX (
Rs f + Rd f

2
�

TRI
Asc

, 0) (4.8)

RDF = SMOOTH3(CDR, FP) (4.9)

Unique to the physical retailers are the additional distribution from their central retail

warehouse inventory(CRWI) to their stores or online ful�lment centres. The distribution to

Inventory store and Inventory online ful�lment centre apply the same principles and,

therefore, are addressed together. However, the online ful�lment centre uses the order

ful�lment rate instead of perceived sales that are used in the distribution rate to stores

equation because an additional perception delay is assumed for all in-store retailers. The

equations for the distribution rate to stores (DRS) are discussed. DRS is the minimum value

of the orders to the central retail warehouse for stores (OCRS) or the central retail

warehouse inventory divided by the retail distribution time (RDT). The orders to central
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warehouse for stores is determined by the sum of perceived in-store sales (PIS) and the

discrepancy between the desired inventory and the current inventory of the store (DIS)

divided by the retail distribution time.

DRS = MIN (OCRS, (
CRWI
RDT

) (4.10)

OCRS= MAX (
PIS+ DIS

RDT
, 0) (4.11)

The in-store order ful�lment rate is addressed to give insights in the how all the order

ful�lment rates are computed in the model. All three order ful�lment rates in the model

follow the same principles, with the only exception that the consumer demand for retailers

(CDR) get divided over the in-store order ful�lment rate (IOFR) and the online retail order

ful�lment rate (OOFR). The in-store order ful�lment rate takes the minimum value of the

consumer demand for retailers times the in-store order fraction and the inventory store

divided by TIME STEP of the model. Practically, this equation means that when the

inventories are suf�ciently stocked that it can cover the entire consumer demand of that

day, then the consumer demand will be completely ful�lled. However, when the shelves

are empty, no additional products can be sold.

IOFR = MIN (CDR � IOR,
Is

TIME STEP
) (4.12)

CDR = Cd � CDR (4.13)

New consumer demand rate is the in�ow for the Consumer demand stock. The units for this

stock is in smartphones/day. Therefore, the units of the corresponding in�ow and out�ow is

smartphones/day*day. The new consumer demand rate is a function the normal consumer

demand (NCD), which is a constant set at 100, times a product lifecycle effect (PLE), which

is a lookup function times the demand uncertainty effect(Du) divided by the adjustment

time (At). This model The product lifecycle effect represents the declining demand for a

smartphone type over the duration of its lifetime. The adjustment time represents how

quick or slowly the consumer demand changes to certain events.

NCDR =
NCD � PLE(TIME ) � Du

At
(4.14)

PLE = [( 0, 0) � (10, 10)], (0, 1), (365, 0.5) (4.15)

The out�ow for Consumer demand is the ful�lled consumer demand rate (FCDR). This

out�ow is the sum of E-commerce order ful�lment rate (EOFR), In-store order ful�lment

rate (IOFR), and online retail order ful�lment rate (OOFR) divided by the adjustment time,

similarly as the in�ow of the Consumer demand stock. Practically, this means that

unful�lled consumer demand causes the sum of order ful�lment rates to be lower than the

in�ow, and therefore, the stock of consumer demand will increase.
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FCDR =
EOFR+ IOFR + OOFR

At
(4.16)

Reference model behaviour

This section presents the simulation results that shows the reference behaviour of the model

with normal levels of uncertainties, a future scenario of high level demand disruptions (90

percent of normal value), high level of supply disruptions (90 percent of normal value), and

high level of logistical disruptions (90 percent of normal value). The reference behaviour

is presented over two outcome indicators: 1) missing sales and 2) stock position, which are

derived from the objective of the subdivision elaborated by Respondent 4: “For the supply

chain, the objective is to provide the stores at the right place at the right moment and the right amount

of stock. That is our goal. At the same time, we also maximise our revenue.”The remainder of this

section will present the reference behaviour of the two outcome indicators (missing sales

and stock position) for the retailer and the e-commerce retailer. The reference behaviour

should not be interpreted as 'the' behaviour of the smartphone supply chain. It visualises

and explains the behaviour of the model.

Missing sales In �gure 4.20, the missing sales of the retailer is presented under normal

levels of uncertainty and high levels of uncertainty. The behaviour under normal levels of

uncertainty shows a pattern of oscillating behaviour, consisting of nine cycli, declining

along with the consumer demand. The oscillating behaviour is explained by the delays that

consist in the shipment, distribution of the subdivision, and within the distribution of the

retailer. The retailer in the reference behaviour cannot have suf�cient stock available to

prevent missing sales, except for the �rst few days, which is expected because the

inventories are suf�ciently stocked before the launch of the new product. The right hand

side of �gure 4.20 shows the missing sales of the retailer under high levels of uncertainty.

The �rst 140 days in the simulation, the graph presents a parabola, reaching up to 105

smartphones/day in missing sales. This occurs because the stock of consumer demands

�lls up with unful�lled orders, which explains this exponential growth in the �rst 60 days

of the simulation. Thereafter, the gap between the new consumer demand and the

unful�lled orders appear to decrease. At t=150 days, the retailers are able to rapidly sell

more products then the in�ow of new consumer demand, decreasing the consumer

demand for smartphones, eventually decreasing the amount of missing sales. After this

parabola, the retail missing sales behaviour shows an identical behaviour as the behaviour

under normal levels of uncertainty.
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FIGURE 4.20: Reference behaviour of Retailer missing sales

In �gure 4.21, the missing sales of the e-commerce retailer is presented under normal levels

of uncertainty and high levels of uncertainty. It shows a similar behavioural pattern as

�gure 4.20 that shows the missing sales of the retailer, with an important exception that the

e-commerce retailer has the ability to prevent missing sales on some days. The right hand

side of �gure 4.21 shows the missing sales of the e-commerce retailer under high levels of

uncertainty, in which the behaviour is almost behavioural and numerical identical.

FIGURE 4.21: Reference behaviour of E-commerce missing sales

Stock position The reference behaviour of the total stock position of the retailer is

presented in �gure 4.22. The total stock position in the reference behaviour shows a pattern

similar as the missing sales, with a slight delay. Once again, the oscillating behaviour is

explained by the delays that consist in the shipment, distribution of the subdivision, and

within the distribution of the retailer. One could expect that the stock positions should be

much lower, considering the fact that the retailer is unable to prevent missing sales in this

scenario. However, the retailer has stock in transit that is inventory that is counted towards

the stock position, but cannot be sold to customer. The scenario under high levels of

uncertainty shows expected behaviour. Consistent with the missing sales graph, the stock

positions are at its lowest in the period of the parabola in �gure 4.20. Thereafter, it shows
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similar behaviour as the stock position at normal levels of uncertainty, although at a lower

numerical value.

FIGURE 4.22: Reference behaviour of Retailer stock position

The reference behaviour of the total stock position of the e-commerce retailer is presented

in �gure 4.23. The e-commerce retailer operates with lower levels of stock, due to the lack

of extra delays and stock in transit (i.e., a less complex supply chain structure). The stock

position have peaks, these are caused by the e-commerce retailer adjusting their AP1

planning because the inventory seems suf�cient enough to have a steady operation and as

soon as this inventory is drained, the AP1 planning is increased slightly to compensate.

And because of the delays between adjusting the AP1 planning and distribution from the

subdivision, oscillating patterns occur.

FIGURE 4.23: Reference behaviour of E-commerce stock position

Model validation

This study applies a re�ective testing procedure (Sterman, 2000) to build con�dence in the

model by challenging and exposing assumptions, critique, and possible errors. Sterman

(2000) proposes twelve model validation tests, of which this study includes �ve tests in this

model validation section, an overview with a summarising result is shown in table 4.4. The
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remainder of this section elaborates on the model validation test and to what extent the

outcomes of the validation test increase credibility of the model.

First, the boundary adequacy test assesses to what extent the important concepts are

endogenously addressed in the model and the structure assessment test evaluate to what

extent the model structure is consistent with descriptive knowledge of the system

(Sterman, 2000). For these two tests, a proposed procedure is to solicit an expert opinion by

interviews or group workshops to review the model (Sterman, 2000). This study uses a

systematic approach (Eker & Zimmermann, 2016; H. Kim & Andersen, 2012) to elicit

models from written transcripts of semi-interviews and reviewed the model boundaries

and model structure in group sessions. Second, dimensional consistency is a test to verify

that for each equation the units of the right-hand side matches the units of the left-hand

side of the equation. This test is performed with the 'units check' function in Vensim and

returned no errors (Appendix B). Third, the extreme condition test shows to what extent a

model is robust under extreme conditions, in other words, the model should output

plausible behaviour when inputs are set to extreme values. This study, performs this test

by setting the values of the inputs production capacity and new consumer demand to 0

and to 1000. The model overall outputs plausible behaviour. To highlight, when consumer

demand is zero, order ful�lment rates are also zero and when production capacity is zero,

inventories drain empty and eventually sales do not occur due to insuf�cient inventory

(Appendix C). However, some behaviour are less plausible, such as the distribution

warehouse inventory (when new consumer demand=0) and in-store order ful�lment rate

(when new consumer demand=1000). Finally, integration error tests checks the differences

in computations when using different integration techniques. Appendix D shows minor

deviations in one of the three analysed variables, however, the minor deviations are not

affecting the validity of the model in the context of this study.
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TABLE 4.4: Overview of the model validation test results

4.3 Adaptive policies to address uncertainty

This section will present the �ndings of research question 2: What would an adaptive policy to

support the electronics �rm in addressing disruptions and unforeseen events look like and how does it

affect the system behaviour?First the DAP is structured based on the insights from the group

session. Thereafter, this section provides an evaluation of that DAP based on the simulation

behaviour in the earlier elaborated uncertainty scenarios.

4.3.1 Dynamic adaptive plan

This section is structured according to the DAP framework. First the step I and II, Stage

setting and assembling an initial plan, are presented. Thereafter, step III, IV, and V are

presented in one subsection.

Stage setting and assembling an initial plan

This subsection sets out the �rst two steps of the dynamic adaptive plan framework: 1)

stage setting and 2) assembling an Initial Plan as shown in �gure 4.24. The remainder of this

subsection elaborates further on the constraints, objectives and de�nition of success, option

set and policy action, and the necessary conditions of success.
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FIGURE 4.24: Stage setting and assembling an initial plan

Constraints The production capacity is a constraint because the subdivision cannot affect

the production capacity of the factory. Production capacity of the OEM includes many

complex dynamics which were not included in this study. Furthermore, the

decision-making mandate of the subdivision excludes the production capacity. Respondent

1 gives an illustration on the complexity of the downstream supply chain dynamics.

“Well, for example the ASMLs of this world, they can no longer keep up with it

they have insuf�cient staff, well, you see that development all over the world. So their

production capacity is low. So if you can increase our production capacity here then you

don't have enough components.”(Respondent 1)

This study assumed that consumer demand is an exogenous force that is only affected by its

own product life cycle. Therefore, in this study it is assumed a constraint is the consumer

demand which cannot be affected by the subdivision.

Objective and de�nition of success The European subdivision of the OEM has a couple of

objectives that are related to supply chain management. First, the objective of the

subdivision is to get the right amount of products, at the right customer to prevent any

stock-out situations because substandard stock positions would result in missing sales.

Furthermore, the subdivision aims to optimise revenue, which is linked to missing sales.

Respondent 4 gives an illustration of the objectives of the subdivision.

“For the supply chain, the objective is to provide the stores at the right place at the

right moment and the right amount of stock. That is our goal. At the same time, we
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also maximise our revenue. We are also in sales, so that could also be our objective.”

(Respondent 4)

All things considered, the objective of the subdivision in the DAP is optimising customer

inventories. Therefore, success is de�ned the absence of missing sales for the retailer and

the e-commerce retailer. In other words, if subdivision is able to supply the right customer

with the right amount of products at the right time, then inventories will always be suf�cient

for sales to occur. Therefore, four variables can be monitored in the model: 1) retailer total

inventory, 2) e-commerce inventory, 3) retailer missing sales, and 4) e-commerce missing

sales.

Options set and policy action The subdivision implemented the policy to allocate goods

over retailers by evaluating the AP1 planning, stock positions, future forecasts, and future

planned promotions. This policy was implemented to deal with the shortages in the supply

chain that were caused by COVID-19 lockdowns, restrictions of the movement of goods,

and material shortages. Respondent 1 explains that allocating of goods is policy to maintain

good stock positions over all the customers.

“So for a number of years now, we've been dealing with a lot of shortages in the

supply chain and we started to make allocations together with sales, together with the

head of sales, to make sure that the products we have then also end up in the right place

but also to make sure that there aren't certain customers with a lot of stock, so building up

higher stock positions or relatively another customer, so no or very little stock position.”

(Respondent 1)

For this DAP the existing, already implemented, policy of allocation of goods is used as the

policy action and no further options set was elicited from the respondents.

Necessary conditions for success To allocate goods over retailers, three conditions are a

necessity for the success of this policy: 1) The forecasts of sales and demand of retailers

needs to be reliable. The subdivision bases the allocation partially on the information of

sales and demands forecasts provided by the customer. Therefore, if this information is

unreliable, for example due to forecasting bias by retail managers, the allocation of goods

will be ineffective. 2) The information of retailers inventories needs to be reliable. The

allocation of goods is partially based on the forecasts of sales and demand, and partially

on the current stock positions of the customers. Therefore, if the information of the current

stock positions is unreliable, then the allocation of goods is ineffective. 3) The transportation

to the central warehouse of the subdivision and the customer warehouse needs to be reliable.

The policy of allocating goods is only effective when goods are at the right place to allocate,

and can reliable be transported after allocation.
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Setting up adaptive responses

This subsection covers Step III. Increasing the robustness of the Initial Plan, Step IV. Setting

up the monitoring system, and Step V. Preparing for trigger responses based on the

insights and outcomes of the group session. A dynamic adaptive plan has been formulated

with respondents in a group session: resulting in four adaptive actions: 1) Adjusting AP1

planning to the AP1 trendline, 2) Stop distribution, 3) Push inventory, and 4) Adjust AP2

planning to consumer demand trendline. The dynamic adaptive plan is summarised in

table 4.5. The remainder of this section covers the adaptive actions, with corresponding

triggers and signposts, for each condition of success.

TABLE 4.5: Adaptive plan for the allocating goods policy

Reliable sales and demand forecasts As previously mentioned, the subdivision bases the

allocation on information of the customer. Therefore, to accurately allocate goods to the

customers reliable sales and demand forecasts are a necessity. Two certain vulnerabilities

were discussed in the group session: 1) Inaccurate sell-out forecast and 2) Sell-out not

aligned with the customer. The subdivision introduced a mitigating action to reduce the

negative effect of this vulnerability by introducing weekly supply chain meetings, which

includes the supply chain and sales departments, to discuss and �nalise the allocation to

each customer. The respondents identi�ed two signposts for these vulnerabilities, which

was the AP1 planning and the AP1 planning trendline. An adaptive action to deal with

both inaccurate sell-out forecasts and unaligned sellout is to adjust the AP1 planning to the

AP1 planning trendline. This action is a corrective action which aims to adjust the initial

plan as a reaction to a speci�c trigger. This speci�c trigger is when the AP1 planning is

higher then the the AP1 trendline. When this trigger occurs, instead of taking the AP1

planning as input, or the AP1 trendline as input, the respondents discussed planning
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conservatively and more or less take the average of the AP1 planning and the AP1

planning trendline as an input.

Reliable inventory information The information of stock position needs to be accurate for

allocation. A certain vulnerability that the respondents acknowledged in the group session

was the insuf�cient information from a retailer on their stock positions. The respondents

created a defensive action to preserve the bene�ts of allocating goods by monitoring the

retailer inventories themselves and stop distribution to certain retailer when their

inventory is higher than six weeks-of-stock. One respondent noted the fact that the trigger

at six weeks-of-stock is to generic, because for some retailer this value can be higher or

lower. It was explained that for the purpose of this study, a generic value would be

suf�cient. Therefore, the defensive action, to deal with this uncertainty, was agreed to be

stopping distribution when the retailer inventory (signposts) reaches a six weeks-of-stock

(trigger).

Reliable transport to customer warehouse The third condition for success is the reliable

transport to retailer warehouses. The respondents identi�ed one certain vulnerability:

Insuf�cient information from ground handlers. An action to mitigate the negative effects of

this vulnerability was identi�ed as scenario plans based on the importance of the

shipments, this would partially bypass the necessary information �ow of the ground

handlers. An adaptive action was determined by the respondents to push the inventory

instead of waiting for the ground handlers information. The important signpost for this

adaptive action is the shipment volumes, and when the shipment volume is upwards of the

planned distribution volumes, the remaining inventory gets pushed to the retailer,

regardless of the available information of the ground handlers.

Reliable transport to subdivision warehouse The �nal condition of success is reliable

transport to subdivision warehouse. For this, the respondents identi�ed one opportunity

when additional shipment tracking gets available, the subdivision is able to plan the

distribution better. A shaping action that includes improvement of IT systems was

improved to create the necessary information �ow for this development to be more likely

to occur. Furthermore, the insuf�cient information from the factory was identi�ed as a

vulnerability. A global supply chain support group should mitigate the negative effects of

this vulnerability, according to the respondents. A corrective action was identi�ed to

address both these vulnerability and opportunity. It involves adjusting the AP2 planning to

the national demand trendline by monitoring the AP2 planning and the customer demand

trendline and plan more conservatively when the AP2 planning exceeds or falls behind the

customer demand trendline. Respondents aimed the adaptive action mostly on the

insuf�cient information �ow from the factory to and did not discuss an adaptive action for

the the shipment tracking opportunity.
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4.3.2 Evaluation of dynamic adaptive plan

The DAP presented in the previous section is implemented as four policies in the

simulation model. The additional variables and adjustments made to existing equations

are included in appendix E. This section focuses on the behaviour of the model which has

an implemented DAP. Consistent with the section that described the reference behaviour

and the de�nitions of success, the behaviour is presented with the variables missing sales

and stock position for both the retailer and the e-commerce retailer. The remainder of this

section compares the reference behaviour with the behaviour which has the DAP

implemented. This comparison was done using a DAP-uncertainty matrix, with on the

x-axis the level of uncertainty, similar as the reference behaviour is presented, and on the

topside of the y-axis the behaviour with DAP implemented, and on the bottom-side the

behaviour without DAP implemented. Furthermore, for both outcome indicators the

accumulation, and the percentage change in this accumulation was calculated.

Missing sales The missing sales of the retailer is shown in �gure 4.25. The matrix shows

that in normal levels of uncertainty a DAP signi�cantly lowers the amount of missing sales

for the retailer. The retailer even shows approximately 25 days where missing sales do not

occur, which was not the case in the reference behaviour. Furthermore, the behaviour is

behavioural sensitive to the DAP policy. Practically, this means that the amount of missing

sales show less oscillating behaviour. When high levels of uncertainty occur, the amount

of missing sales is also signi�cantly lower than the reference behaviour. The behaviour still

peaks after approximately 40 days, however, the peak is lower as the graph in the reference

behaviour. The reference behaviour shows regular oscillating pattern after the �rst peak.

The DAP behaviour shows an oscillating behaviour that dampens over time.
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FIGURE 4.25: Retailer missing sales DAP-uncertainty matrix

The model behaviour of missing sales of the e-commerce retailer is shown in �gure 4.26. In

normal levels of uncertainty, DAP reduces the amount of missing sales to zero. In high levels

of uncertainty, the �rst peak at 40 days still occurs, however, at a lower value. Thereafter,

with the exception of one small peak the amount of missing sales is zero.
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FIGURE 4.26: E-commerce missing sales DAP-uncertainty matrix

The missing sales values shown in �gure 4.25 and �gure 4.26 are accumulated in table 4.6

which shows that in this model, the behaviour of missing sales at normal levels and and at

high levels of uncertainty are improved when DAP is implemented. The retailer cumulative

missing sales are improved with 79 percent with normal levels of uncertainty, and with

high levels of uncertainty with 62,6 percent. The e-commerce cumulative missing sales are

improved with 100 percent with normal levels of uncertainty, and with high uncertainty

levels with 84,6 percent.

TABLE 4.6: Percentage change of cumulative missing sales

Stock position The stock position of the retailer is shown in �gure 4.27. The matrix shows

that, in the scenario of normal uncertainty, the stock position, besides the �rst peak in the

�rst 30 days, declines without oscillating behaviour. The total amount of product in the

inventory is almost as high as before, but the behaviour shows more steady and predictable
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